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Preface

The uneven geographical distribution of economic activities is a huge worldwide
challenge. For the European Union (EU) regions, this is shown by the deep
differences within and across nations. Spatial inequalities are evolving through time
following complex patterns determined by economic, geographical, institutional and
social factors. The New Economic Geography approach, which was initiated by P.
Krugman in the early 1990s, describes economic systems as very simplified spatial
structures. Developing a more sophisticated modelling of the EU—visualized as
an evolving trade network with a specific topology determined by the number
and strength of national, regional and local links—can provide economic policies
specifically designed to take into account this pervasive network structure assessing
the position of backward locations within the network and focussing on instruments
that favour interconnections. The ISCH COST Action IS1104 “The EU in the new
complex geography of economic systems: models, tools and policy evaluation”
approved by the European Union in 2011 and funded for the 4-year period 2012–
2016 is a network connecting more than 80 researchers in 25 European countries
devoted to this task. The Action results are expected to provide a basis for an
improved evaluation of such policies, in particular for the European Cohesion
Policy, considering their impact on the welfare level of EU citizens and its geographical distribution. To achieve this objective, the Action enhances interdisciplinary
networking combining recent approaches in economics with the most advanced
mathematical, empirical and computational methods for analysing complex and
non-linear systems.
This book, which is mainly a collection of literature reviews on relevant aspects
of the Action, is put together to provide a basis for further analysis and as
an introduction into the complex network approach to the European Regional
Policy. The book consists of three main parts, i.e. economic geography modelling,
institutions and markets, and social and industrial interactions. Each of these parts
actually overlaps with separated but complementary lines of research followed
in understanding the interlinkages and interactions that emerge at different levels
involving different territorial units, institutions and individual agents.
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Preface

The prospective readers are expected to be academicians and researchers who
demand new tools to pursue their investigations in the field. The contributors are
all experts on either topics or tools proposed to examine economic geography and
networks and are members of the Action. The contributions in the present volume
were presented and discussed in a number of workshops and conferences organized
within the Action in 2012 and 2013.
Naples, Italy
Istanbul, Turkey
Vienna, Austria
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R&D Networks
Gian Italo Bischi and Fabio Lamantia

Abstract The aim of this chapter is two-fold. It first provides a (non exhaustive)
overview of the literature concerning oligopoly models where firms produce homogeneous goods and share R&D cost-reducing results through bilateral agreements
and/or involuntary spillovers of knowledge. These models are expressed by the
formalism of networks (i.e. theory of graphs) where firms represent nodes and
agreements for R&D share represent arcs (or links). We describe several models
and corresponding theoretical results, as well as some of their practical implications
in industrial organization. The second part of the chapter describes a recent dynamic
two-stage model of oligopolies with both R&D collaboration ties and spillover
effects, where firms adaptively decide their R&D efforts myopically, through a
boundedly rational process based on a local estimate of marginal profits. Moreover,
a possible dynamic representation of knowledge accumulation with obsolescence is
given.

1 Introduction
When firms compete for the production of high tech goods to be sold in a global
market, their efforts are mainly devoted to gain knowledge in order to adopt new
technologies and improve production standards. In many cases, such efforts can
be identified with expenditures in Research and Development (R&D) activities,
intended in a broader meaning ranging from basic notions to information about new
technologies and skills in their adoption and employment. The overall result of R&D
can be roughly summarized as a reduction of effective production costs (process
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innovation) or creation of new/improved products (product innovation). Another
important feature of knowledge gained by R&D activities is connected with the fact
that it may spill from one firm to its competitors, due to the difficulty of protecting
intellectual properties (see e.g. Spence 1984; D’Aspremont and Jacquemin 1988;
Bischi and Lamantia 2002, just to cite a few). This unavoidable involuntary leakage
of knowledge, whose causes may range from former employees who are hired by
rival firms to industrial espionage, is often paralleled (and partially avoided) by
voluntary agreements among rival firms to share R&D results and new technologies,
for example through common training of workers and managers. In other words,
sometimes firms which are competitors in the market behave as cooperators in the
stage of developing research activities, finalization and installation of new costreducing technologies.
As a matter of fact, many empirical studies show that partnerships among
firms have significantly increased in recent years (see e.g. Gauvin 1995; Goyal
and Moraga-Gonzales 2001), and often this partnership is in terms of bilateral
agreement for sharing information on R&D results and technological collaboration.
The structure of bilateral partnerships and knowledge share (both voluntary and
involuntary) among firms, can usefully be represented by the formalism of networks,
where single firms are the nodes and knowledge share are the edges (or links) of the
net.
In the recent years, the economic literature has been extensively focused on
networks. In this survey, we review some of these recent models in the field
of industrial competition between firms organized in Research and Development
(R&D) networks. In most models, firms choose to collaborate in R&D in order to
lowering costs of production as well as improving product quality.
The importance of R&D networks is well explained in Goyal and Joshi (2003),
where different structures of bilateral collaborative links in firms’ networks are
described, as well as in Cowan and Jonard (2004), where the relationship between
the network architecture and knowledge transmission is explored, mainly by
numerical analysis. A well-known contribution on R&D networks is Goyal and
Moraga-Gonzales (2001), which addresses the issue of collaborative ties formation
starting from symmetric cases. For an extensive survey of the network literature we
refer to Vega-Redondo (2007) and Goyal (2007).
As remarked in Goyal and Moraga-Gonzales (2001), collaborative relationships
are often nonexclusive, i.e. firm i and j , j and k can have ties but i and k do not
have any collaborative link. This is the main motivation for setting up oligopoly
models with R&D networks structures. Indeed, traditional models of oligopoly are
centered on markets and neglect the presence of such R&D networks.
In oligopolies with R&D networks, agents have several sources of strategic
interdependence. First of all, oligopolists are strategically related on the demand
side, as they all operate in the same market or in dependent markets. Moreover, with
nonexclusive ties, also network externalities arise, as each firm’s payoff is influenced
by the R&D efforts by neighbors (“local” effects), non-neighbors (“global” effects)
and by the whole set of connections in the industry. Of course, as remarked
above, even without any agreement, knowledge may spill from one firm to its
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competitors due to the difficulty of protecting intellectual properties (see Spence
1984; D’Aspremont and Jacquemin 1988; Bischi and Lamantia 2002). This clearly
introduces another externality between agents and a free-riding dilemma into firms’
relationships, so that a trade-off between partial (and often asymmetric) involuntary
spillovers, and complete (symmetric) information share, associated with bilateral
agreements, may arise.
The literature on R&D networks can be regarded as a generalization of the classic
literature on R&D models, with firms linked in a network to share knowledge.
For this reason, here we briefly review the basic models of oligopoly with R&D
activities. The related issue of strategic location choice and R&D activities is
surveyed in Kopel et al. (2015).
In this field, the seminal paper (D’Aspremont and Jacquemin 1988) proposes a
two-stage game, where in the first stage two identical firms optimize their investment
in cost-reducing R&D, with possible R&D spillover from the rival; then, in the
second stage, firms compete in a homogeneous Cournot duopoly game. In particular,
D’Aspremont and Jacquemin (1988) compare the equilibrium outcomes in two
cases: in one the duopolists compete in both stages of the game; in another, firms
choose R&D efforts to maximize joint profits in the first stage of the game while
remaining competitors in the second stage. D’Aspremont and Jacquemin (1988)
find that for high spillovers it is beneficial for firms as well as consumers to have
cooperation in the R&D stage. However, the results are not so clear cut in the case
of low spillovers, since a conflict between private and collective interests arise.
Following this line of research, Kamien et al. (1992) proposed four different models,
again in the form of two-stage games, where firms decide their effective R&D
cost-reducing investments with or without formation of research joint ventures,
and then they are engaged in either Cournot or Bertrand competition. All these
models admit that research results are subject to various degrees of spillovers,
and they conclude that the formation of research joint ventures, associated with
competition in the product output, is the most desirable policy because it leads
to higher profits and lower product prices. A dynamic version of the static game
examined in D’Aspremont and Jacquemin (1988) has been recently proposed by
Cellini and Lambertini (2009), in the form of a differential game, where it is shown
that R&D cartelization dominates competition. Differently from D’Aspremont and
Jacquemin (1988), Cellini and Lambertini (2009) show that taking into account
investment smoothing, R&D cooperation is preferable to noncooperative behavior
from a social as well as private point of view for any spillover level. Related issues in
a difference game set-up are analyzed in Petit and Tolwinski (1996, 1999). Along the
same line of research, see also Qiu (1997), Suzumura (1992),Amir et al. (1989) and
Katz (1986). For more recent work, see Leahy and Neary (1997) and the references
cited therein.
With respect to the research questions, the literature mainly address the following
ones (see e.g. Goyal and Moraga-Gonzales 2001; Goyal and Joshi 2003; Bischi and
Lamantia 2012a,b): Does a more connected firm exert a higher profit and earn a
larger payoff with respect to a less connected firm? Is an increase in the collaboration
level beneficial for all the firms? What are the effects of collaborative activity
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on individual R&D and industry performance? What are the incentives of firms
to collaborate and what is the architecture of “incentive-compatible” networks?
Are individual incentives to collaborate adequate from a social welfare point of
view? When is a network in equilibrium? Under which circumstances (level of
collaboration, degree of knowledge spillovers, etc.) is an equilibrium stable, and
how can it lose stability? How do the exogenous structural properties of competing
networks influence aggregate outcomes? What are the influences of the degree of
collaboration and involuntary spillovers on profits and, more generally, on overall
efficiency?
This chapter is divided into two main sections: Sect. 2 gives a (non-exhaustive)
overview about recent models and results on oligopoly models with firms arranged
in R&D networks. While focusing on selected papers, we overview, in Sects. 2.2
and 2.3 respectively, models where the decision to establish a link rests with a single
firm or a couple of firms. Then we briefly describe models with knowledge dynamics
in Sect. 2.4. Section 3 explains a recent dynamic two-stage model of oligopolies
with both R&D collaboration ties and spillover effects, with a boundedly rational
adaptive process of R&D efforts. A possible dynamic representation of knowledge
accumulation with obsolescence is then described in Sect. 3.3; Sect. 4 concludes.

2 Review of Oligopoly Models with R&D Networks
2.1 General Overview
The research on networks in industrial organization has become popular in the
last two decades, and many papers have been devoted to a stylized description
of partnerships among firms often in terms of bilateral agreement for sharing
information on R&D results and technological collaboration (see e.g. Gauvin 1995;
Goyal and Moraga-Gonzales 2001). Certain structural features of collaborative
activity are typical in high-tech industries, such as biotechnology, pharmaceutical,
chemical and computer industries, as pointed out empirically in Delapierre and
Mytelka (1998), Hagedoorn and Schakenraad (1990) and Hagedoorn (2002).
As we shall see in this review, the distinctive features of R&D network models
include the following ones: The assumption that the relationships between firms
are non-exclusive (see Goyal and Moraga-Gonzales 2001; Bischi and Lamantia
2012a,b) and firms have the attitude to collaborate with other firms in the same
market (Goyal and Moraga-Gonzales 2001; Goyal and Joshi 2003; Bischi and
Lamantia 2012a,b; Bala and Goyal 2000); the nature of market competition (e.g.
Cournot or Bertrand), see in particular the analysis in Billand and Bravard (2004);
the cost of forming a link (Billand and Bravard 2004; Goyal and Joshi 2003; König
et al. 2012); the architecture of the network (Cowan and Jonard 2004; Goyal and
Moraga-Gonzales 2001; König et al. 2012; Meagher and Rogers 2004; Bischi and
Lamantia 2012a,b); the efficiency and the stability of the networks (König et al.
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2012; Westbrock 2010; Goyal and Moraga-Gonzales 2001; Jackson and Wolinsky
1996; Bloch and Jackson 2006); the direction of the information flow, which can
be one-sided (see Billand and Bravard 2004) or two-sided (Goyal and MoragaGonzales 2001; Goyal and Joshi 2003; Bischi and Lamantia 2012a,b); the decisions
to establish a link, which can depend on a single firm (Bala and Goyal 2000; Billand
and Bravard 2004) or on couples of firms (Goyal and Moraga-Gonzales 2001; Goyal
and Joshi 2003; Westbrock 2010; Bischi and Lamantia 2012a,b).
Formally, an R&D network can be defined through a graph G D .N; E/, where
N D f1; 2; : : : ; ng ; n  3 is the set of nodes (firms) and E
N  N is a set of
edges, that is, for any pair of nodes i; j 2 N , the pair .i; j / 2 E if and only if
i is connected to j . A useful representation of a network is obtained through the
n  n adjacency matrix, whose ij element gij 2 f0; 1g assumes the value gij D 1
if i has a link with j , i.e. if .i; j / 2 E, and gij D 0 otherwise. In most cases, the
graph representing the R&D network is undirected, so that if .i; j / 2 E then also
.j; i / 2 E. This property clearly models situations where firms’ R&D agreement
are bilateral, with a two-way (symmetric) flow of information. In some papers (see
Billand and Bravard 2004; Bala and Goyal 2000), the previous property does not
necessarily hold and the underlying network is directed, in order to model cases
where firm i can access to j ’s information but not vice versa, so that the flow of
information is one-way (asymmetric). Another property often employed to simplify
the analysis is that of symmetry (see Goyal and Moraga-Gonzales 2001; Bischi
and Lamantia 2012a,b), i.e. that any firm in the network has the same number of
collaborative ties, which represents the level of collaborative activity within the
network. The importance of R&D networks is well explained in Goyal and Joshi
(2003), where different structures of bilateral collaborative links in firms’ networks
are described, as well as in Cowan and Jonard (2004), where the relationship
between the network architecture and knowledge transmission is explored, mainly
by numerical analysis.
A central issue is the concept of an equilibrium network, that is a given network
configuration where no firm has an incentive to break a link or links she has already
set or to establish new links with other firms present on the market, holding the
links of the other firms to be constant. In Jackson and Wolinsky (1996) it is stated
that a link between two agents requires that both of them agree on the link (e.g. by
making joint investments), therefore, the most common notions of stable networks
rest on pairwise incentive compatibility, which lead to the notion of two-sided link
formation. This concept is in particular employed in Goyal and Moraga-Gonzales
(2001) and Bischi and Lamantia (2010, 2012a,b), see also Bloch and Jackson (2006)
for a clear review of the most known notions of network stability employed in the
literature.
In the next subsections we illustrate network models where the decision to
establish links depends either on a single firm or on couples of firms. For other
interesting strategic models of network formation we refer the reader to Aumann
and Myerson (1989), Boorman (1975), Dutta et al. (1995), Jackson and Wolinsky
(1996) and Kranton and Minehart (2001). With respect to the problem of coalition
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formation in games, the main references are Bloch (1995), Kalai et al. (1979), Ray
and Vohra (1997), Yi (1997) and the survey (Bloch 1997).

2.2 Network Formation Models Through Individual Decisions
In this subsection we focus on network formation models where the decision to
establish links and the relative cost of forming and maintaining them are individual.
In these models, the flow of information can be one-way, as in Billand and Bravard
(2004), or two-ways, as in Bala and Goyal (2000) that consider both cases. In other
words, the (R&D) network can be directed or undirected. Since individual agents
decide whether establishing a link or not, the process of network formation can be
modeled as a noncooperative game.
The impact of the nature of market competition (Cournot or Bertrand) in a
directed network and the cost of forming a link is analyzed in Billand and Bravard
(2004). In this paper, firms can establish one-sided flows of information and obtain
positive cost externalities through them. The analysis is centered on firms’ incentive
to establish links and shows that the formation of equilibrium networks depend on
the nature of market competition (Cournot or Bertrand) and on the cost for forming
a link. In fact, in a Cournot oligopoly, if the cost of a link is low enough, the unique
equilibrium network is the complete one, in which each firm picks up externalities
of all other firms, whereas if the cost of setting links is high enough, the unique
equilibrium network is empty, i.e. no firm gets information from its competitors
(similarly to what is reported in Goyal and Joshi 2003). However, differently from
Goyal and Joshi (2003), levels of cost of setting links exist such that, in equilibrium
networks, some firms pick up externalities of all other firms while the others obtain
no resources from their competitors. In the case of Bertrand oligopoly, the empty
network still remains the unique equilibrium network when the cost of setting links
is high enough. Otherwise, when the cost of setting a link is not too high, in the
resulting equilibrium networks only one firm gets externalities from all competitors
while the others obtain no externality from their competitors (inward-pointing star
network). Given the one-way flow of information in the model, this implies that
the unique firm obtaining externalities of the others has the lowest cost. This firm
can set a price greater than its average cost and obtain positive profits. Thus, by
contrast to the Cournot model, Billand and Bravard (2004) show that in the Bertrand
model there exist conditions guaranteeing that some network architectures are in
equilibrium, but they are not efficient. This points out that a conflict may arise
between stability and efficiency in directed information networks.
In Bala and Goyal (2000), one-sided link-formation is considered, where an
individual agent can form links with others by incurring some costs and each agent is
a source of benefits that others can exploit via the formation of costly pairwise links.
A link with another agent allows access to the benefits available to the latter via his
own links. Thus individual links generate externalities whose value depends on the
order of connections along chains of links. A distinctive aspect stressed by Bala and
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Goyal (2000) is that the costs of link formation are incurred only by the person who
initiates the link. Thus, an agent’s strategy is a specification of the set of agents with
whom he forms links. The links formed by agents define a network, and the focus is
on benefits that are nonrival. Then both one-way and two-way flow of benefits are
studied. In the former case, the link that agent i forms with agent j yields benefits
solely to agent i , while in the latter case, the benefits accrue to both agents. In the
benchmark model, the benefit flow across persons is assumed to be frictionless:
if an agent i is linked with some other agent j via a sequence of intermediaries,
then the benefit that i derives from j is insensitive to the number of intermediaries.
Moreover, they allow for a general class of individual payoff functions: the payoff
is strictly increasing in the number of other people accessed directly or indirectly
and strictly decreasing in the number of links formed. The main result of the paper
is that networks where all agents play a Nash equilibrium (“Nash” networks) are
either connected or empty.

2.3 Network Formation Through Pairwise Collaborative Links
In this subsection, we consider the network formation problem with links established through decisions of couple of firms. For these models, the flow of information is always two-ways, i.e. the underlying networks are always directed.
An important contribution to the study of group formation and cooperation in
(Cournot) oligopolies is Goyal and Moraga-Gonzales (2001), inspired by works
on strategic models of network formation such as Aumann and Myerson (1989),
Bala and Goyal (2000), Dutta et al. (1995), Goyal and Joshi (2003), Jackson
and Wolinsky (1996), Kranton and Minehart (2001). It studies the incentives for
collaboration between horizontally related firms with two-sided link formation.
In their model, a firm invests in a cost-reducing R&D technology, and when
firms collaborate their individual R&D efforts lower also their partners’ costs. The
impact of these cost-reducing bilateral agreements is related to the nature of market
rivalry between the firms, i.e. whether the firms operate in independent markets
or not. By forming collaborations, however, firms alter the competitive position
of different firms thus influencing market structure and performance, and Goyal
and Moraga-Gonzales (2001) investigate whether R&D activities depend on the
nature of market competition. In particular, they consider an oligopoly with (ex
ante) identical firms. Prior to market interaction, each firm has an opportunity to
form pairwise collaborative links with other ones in order to share R&D knowledge
about cost-reducing technologies. The collection of pairwise links between the
firms defines a network of collaboration with nonexclusive ties. Given such a
collaboration network, firms choose a (costly) level of effort in R&D unilaterally,
aimed at reducing their own production costs. Then the level of effort by different
firms and the structure of the R&D network define the effective costs of the different
firms in the market. Given these costs, firms compete in the market by setting
quantities (i.e. Cournot competition). Concerning the types of market interaction,
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Goyal and Moraga-Gonzales (2001) consider two cases: in the first, firms operate in
independent markets, while in the second case, they compete in a homogeneousproduct market. Analytical results are obtained with symmetric networks, i.e.,
networks in which all firms maintain the same number of collaborative ties. For
such networks, the level of collaborative activity is measured in terms of the number
of ties of a typical firm. Their first result pertains to the relationship between the
level of collaboration and individual R&D: if firms compete in a homogeneousproduct market, individual R&D effort is declining in the level of collaborative
activity. In contrast, when firms operate in independent markets, individual R&D
effort increases monotonically in the level of collaborative activity. Thus, in the
former case individual R&D attains its minimum, whereas in the latter case it attains
its maximum under the complete network, i.e., a network in which every pair of
firms has a collaborative agreement. This contrast highlights the influence of the
competition effect. Then they examine the level of cost reduction under different
levels of collaboration. For any given level of R&D effort, adding a collaboration
link leads to lower costs for all firms. However, in a homogeneous-product market
a higher level of collaborative activity lowers individual research efforts. Thus they
compare the relative magnitude of these two effects. The main finding is that in
a homogeneous-product setting, the level of cost reduction is initially increasing
and then decreasing in the level of collaborative activity, i.e., it is non-monotonic
with respect to the number of collaborations. By contrast, when firms operate in
independent markets, individual R&D effort and the cost reduction is maximal under
the complete network.
Another interesting result in Goyal and Moraga-Gonzales (2001) concerns the
incentives of firms to form collaborative alliances. Irrespective of the degree of
market competition, firms have an incentive to form links, hence the empty network
is never incentive compatible. Furthermore, the incentives to form collaborations are
quite large in both settings: the complete network is a strategically stable network,
irrespective of the market setting. Concerning the aggregate industry performances,
if firms compete in a homogeneous-product market, industry performance is
highest (both in terms of aggregate profits and social welfare) when firms have an
intermediate level of homogeneous degree of collaboration with other firms. This
means that both the empty and the complete networks are dominated by intermediate
levels of collaboration. Thus, under market rivalry, the incentives of firms to form
R&D collaboration links may be excessive both from an industry-profit-maximizing
perspective as well as from a social welfare point of view. By contrast, if firms
interact in independent markets, aggregate industry profits as well as social welfare
are highest under the complete network.
These results on welfare and profit properties of collaboration could provide
an explanation for why a large number of strategic alliances are unstable or are
terminated early, and they also help explain why some alliances work well. In highly
competitive environments, in order to get higher profits firms may “collectively”
prefer not to form many collaborative ties. However, a pair of individual firms gain
competitive advantage over the rivals by forming a collaboration and thus increase
their profits. This implies that firms may individually have incentives to form too
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many links, thus leading to poor overall performance. However, this dilemma does
not appear in the case of independent markets, because firms’ R&D efforts are
not declining with the number of links. In the first part of their analysis, Goyal
and Moraga-Gonzales (2001) restrict the analysis to symmetric network structures,
where every firm is ex-post in a similar situation. They next examine the role
of collaborations in generating such competitive advantages and their influence
on market structure and industry performance. This motivates an examination of
asymmetric networks. A general analysis of asymmetric networks, however, turns
out to be very complicated; therefore Goyal and Moraga-Gonzales (2001) work out
only an example with three firms, completely characterizing its solution. In this
setting there are four possible network architectures: the complete network, the
star network, the partially connected network, and the empty network. Asymmetric
networks such as the star or the partially connected network perform quite well
from the social as well as the private point of view. Indeed, the star network
always dominates the complete network from both perspectives; moreover, for some
parameter values, the star is industry-profit maximizing. In addition, asymmetric
forms of collaboration may alter the market structure by causing large disparities
between firms, or even leading to the exit of firms, and that this is not necessarily
detrimental from a social standpoint. Indeed, under certain circumstances, the
partially connected network is strategically stable, and both industry-profit and
social-welfare maximizing.
Following a similar stream, Goyal and Joshi (2003) studies networks of collaboration between oligopolistic firms and shows how market competition is crucial
in defining R&D network structures. Differently from Goyal and Moraga-Gonzales
(2001), where costs of forming links are taken to be negligible but firms decide
independently on a level of R&D, Goyal and Joshi (2003) assume that a collaboration link between two firms involves a fixed cost and leads to an exogenously
specified reduction in marginal cost of production, and consider an oligopoly setting
in which firms form pairwise collaborative links with other firms. These pairwise
links involve a commitment of resources on the part of the collaborating firms and
yield lower costs of production for firms which form the link. The collection of
pairwise links defines a collaboration network and induces a distribution of costs
across the firms in the industry. Given these costs, firms then compete in the market.
Their analysis focuses on how the costs of forming links affect the architecture of
strategically stable networks. In this model, a firm can form collaboration relations
with other firms without seeking prior permission of current collaborators. This has
important strategic effects and requires novel methods of analysis. Firstly Goyal and
Joshi (2003) study an example in which the cost for forming a link is negligible,
and in this case a complete characterization of strategically stable and socially
efficient networks is provided. Under quantity competition, the complete network is
the unique stable and socially efficient network. With price competition the empty
network is the unique stable network, while the efficient network is an inter-linked
star, with two central firms. The results in Goyal and Joshi (2003) show that the
nature of market competition has an important effect on the type of collaboration
networks that arise and on the level of welfare. In addition, Goyal and Joshi (2003)
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considers network formation under general market conditions. In a market with
moderate competition, all firms make positive profits but firms with lower cost
make larger profits. Thus quantity competition under homogeneous or differentiated
demand, and price competition under differentiated demand, are special cases of this
type of competition. In this case, every pair of firms with the same costs must be
linked, and this implies that in the class of symmetric networks only the complete
network can be stable. Then, the authors consider the case where all lowest cost
firms make positive profits. Under aggressive competition, stable networks have
the dominant group architecture, i.e. firms divide themselves into two groups, with
one group containing at least three firms and having the feature that every pair of
firms has a collaboration link, while the second group consists of isolated firms.
When the link formation has a high cost, the analysis in Goyal and Joshi (2003) is
carried on with the linear demand Cournot model. In this case, it holds that firms
have increasing returns from links and, for a given class of parameters, a stable
network has the dominant group architecture, with the size of this group being
sensitive to the cost of forming links. An interesting aspect of the analysis is a nonmonotonicity in the sustainable size of the dominant group as the costs of forming
links increase. For small costs of forming links, only a large dominant group is
stable, at intermediate costs large as well as small groups can be stable, while for
large costs only a medium sized group is stable. The property of increasing returns
from link formation suggests that a firm with many links may have an incentive
to induce a firm with few links to form a collaboration relationship by offering
to subsidize its costs of link formation. This motivates an examination of stable
networks when transfers are allowed between firms. In this case, a stable network
has the dominant group architecture or is an interlinked star.
The social efficient networks of Goyal and Joshi (2003) are investigated by
Westbrock (2010) as well, where it is shown that asymmetric networks are typically
efficient. In fact, Westbrock (2010) demonstrates that the social efficient network
may be the empty network or the complete network. Otherwise, if neither of these
are efficient, then efficient networks have a dominant group or an interlinked star
architecture, i.e. they have an asymmetric architecture. In addition, Westbrock
(2010) analyzes the density and the degree variance in the efficient network, by
expressing social welfare as an additive function of the density and the degree
variance of the network.

2.4 Knowledge Dynamics
A central issue in R&D network models is related to the dynamics of the flow of
knowledge between linked firms. In Cowan and Jonard (2004) knowledge diffusion
is modeled as a dynamic process in which agents exchange different types of
R&D results. Agents are located on a network and are directly connected with
a small number of other agents, and each agent repeatedly meets those who are
directly connected with her and trade if mutually profitable trades exist. In this way
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knowledge diffuses throughout the economy. The emphasis is on the relationship
between network architecture and diffusion performance, and in particular they
model, at one extreme, a network in which every agent is connected to the nearest
neighbors, and at the other extreme a network with each agent being connected to,
on average, n randomly chosen agents. Then they consider the set of structures
that fall between the two opposite extreme cases. The main finding is that the
performance of the system clearly exhibits small world’ properties, as the steadystate level of average knowledge is maximal when the structure is a small world (that
is, when most connections are local, but roughly 10 % of them are long distance).
König et al. (2012) is a very interesting contribution on the field, where the
growth of knowledge within a firm follows a continuous time dynamical system.
Based on other papers of the same authors (see, in particular, König et al. 2011),
König et al. (2012) first characterize the topology of the efficient structure of links
for varying marginal cost of collaborations. In fact, when the marginal costs of
collaboration are low, the trade-off between number of walks and costs of direct
connections is loose, and the complete network is efficient. For intermediate values
of marginal collaboration costs, efficient graphs are still connected but it becomes
efficient to save on the number of direct collaborations and to create a high number
of walks by concentrating connections among a small number of firms. More
precisely, efficient graphs are nested split graphs, i.e. the neighborhood of each
node is contained in the neighborhood of the next higher degree nodes. This implies
a strong hierarchical degree structure of the network. As costs of collaboration
become high, asymmetric efficient graphs can become disconnected and then empty.
Following Jackson and Wolinsky (1996), the emergence of pairwise stable structures
is also considered in König et al. (2012): the complete graph is stable if marginal
costs of collaboration are low and industry size is small. In large industries, the
set of disconnected cliques of homogeneous size and the star are stable. Both
structures can be stable for the same values of industry size and collaboration costs.
In addition, the size of stable cliques decreases with marginal collaboration costs.
The empty graph is stable for very large marginal costs and any industry size.
Finally, the relationship between stability and efficiency is studied. Here it is shown
that efficiency is reached in industries of small size and low cost of collaboration.
As industry size grows, however, firms have lower incentives to form collaborations,
and a divergence between stability and efficiency emerges.

3 A Dynamic Model of R&D Efforts Along Networks
3.1 Model Setup
In this section, we briefly review a discrete-time dynamic model recently proposed
in Bischi and Lamantia (2012a,b) to simulate the time evolution of R&D efforts
of firms arranged in subnetworks of R&D collaboration ties in the presence of
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inter- and intra-subnetwork involuntary spillovers of R&D results. The model
focuses on the dynamics of R&D efforts when the network structure is given,
thus extending Goyal and Moraga-Gonzales (2001), where effort levels are always
assumed in equilibrium. Since more than one R&D network can be present, the
model can be employed to analyze oligopolistic competition with regional clusters
of firms sharing R&D results and global competition in a unique market.
In detail, a repeated two-stage oligopoly is proposed where N ex-ante identical
firms are subdivided into one or more symmetric groups (denoted as “subnetworks”)
characterized by a given degree of homogenous connections. In these subnetworks
couples of firms (denoted as “neighbors”) have bilateral ties to share R&D results.
Hence, as usual in R&D networks, effective costs of each firm include positive cost
externalities not only as a result of its own cost-reducing R&D (expensive) efforts,
but also the advantages of their neighbors’ efforts. Moreover, a firm can receive, for
free, two types of knowledge spillovers: (i) internal (from non-neighbors inside its
subnetwork) or (ii) external (from firms outside its subnetwork). In the model, each
discrete time step is ideally subdivided into:
• A precompetitive stage, where each firm selects cost-reducing R&D efforts in the
direction of increasing individual profits, following positive marginal profits in
the steepest ascent direction (so-called “gradient process”);
• A (Cournot-)competitive stage, where each firm sets its “optimal” quantity,
taking into account the current level of efforts of other firms and the networks’
structures in the computation of its effective cost.
These disjoined subnetworks can be interpreted as different countries or industrial districts or groups of firms linked by ownership ties, characterized by different
rules for partnership or patent protection or different abilities to take advantage from
spillovers.
The model proposed describes an homogeneous-product oligopoly, where N  2
quantity setting firms operate in a market characterized by a linear inverse demand
function p D a  bQ, a; b > 0, Q being the total output in the market. These N
firms are ex-ante partitioned into h groups, (called subnetworks). Two firms of the
same subnetwork are neighbors if they have a direct link, i.e. they form a bilateral
agreement for a complete sharing of R&D results. Two firms without a direct link
are called non-neighbors. Each of these h subnetworks, say sj , j D 1; : : : ; h, is
h
P
formed by nj firms, where of course N D
nj . Each subnetwork sj is assumed
j D1

symmetric of degree kj , with 0  kj  nj  1, i.e. every firm in sj has the same
number of collaborative ties kj , a parameter that represents the level of connectivity
(or collaborative attitude) of subnetwork sj .
Each firm decides its R&D effort, whose cost-reducing effects are totally shared
with neighbors; moreover, R&D results within a subnetwork can spill over for free
to non-neighbors inside the same subnetwork sj (internal spillovers) as well as to
“rival” subnetworks sk with k ¤ j (external spillovers). Assuming a linear cost
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function ci qi for a firm i that produces qi , a representative firm in subnetwork sj
has a marginal cost ci of the form
ci .sj / D c  ei  kj eli  ˇj eli

X


nj  1  kj  ˇj
em

(1)

m…sj

where c is the marginal cost without R&D efforts (equal for all firms), ei represents
R&D effort of firm i , kj eli represents the total effort exerted by firms with whom
i is directly linked in sj ; ˇj 2 Œ0; 1/ are related to spillovers with non-neighbors in
network sj , and ˇj 2 Œ0; 1/ regulate external spillovers, i.e. originating from nonneighbors out of sj towards firm i . We denoted by li and li a representative firm in
sj firm i is, respectively, linked and not linked. Hence, the two last two terms in (1)
are, respectively, the spilled effort by li and m, i.e. representative non-neighbors
inside sj and outside sj .
In any case, all N firms are rivals in the market place (see D’Aspremont
and Jacquemin 1988; Goyal and Moraga-Gonzales 2001), and they calculate their
optimal quantity by solving individual profit maximization problems. Then, given
optimal quantities as function of efforts by backward induction, they assess R&D
efforts to increase their individual profits; due to R&D networks of collaboration and
spillovers, each firm calculates these cost-reducing efforts taking into account not
only the network structure it belongs to (number of firms in the network and number
of neighbors) but also the whole cost structure of the industry. Each oligopolist i in
subnetwork sj maximizes a profit function of the form
8
9
2
3
<
=
X
qp 5  ci .sj / qi .sj /  ei2 .sj /
i .sj / D a  b 4qi .sj / C
:
;

(2)

p¤i

where qi .sj / and ei .sj / are, respectively, the quantity and the R&D effort by agent
i in subnetwork sj , and ei2 ,  > 0, is the cost of effort.
The optimal quantity of firm i in subnetwork sj is
a  Nci .sj / C
qi .sj / D

P

cp

p¤i

b .1 C N /

(3)

with corresponding optimal profit
2
6
i .sj / D 4

a  Nci .ei / C

P
p¤i

p
b .1 C N /

cp

32
7
2
5  ei

(4)
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Given this setting, each firm tries to maximize its individual profit with respect
to its own R&D efforts. Substituting the cost functions of representative agents in
each subnetwork, the optimal profit for firm i in subnetwork sj (4) can be rewritten
as a quadratic functions of efforts only, where the sum of marginal costs of all firms
but i appearing in (3) and (4) is given by
X


cp D kj cli .sj / C nj  1  kj cli .sj / C
p¤i

h
X

nw cv .sw /

(5)

wD1;w¤i

The last term in (5) represents the marginal cost of all firms that are not in the
same subnetwork of firm i .
By standard arguments, it is possible to establish the existence of a Nash
@i
equilibrium. Under concavity of payoffs in own strategies, the FOCs
D 0; i D
@ei
1; : : : ; h are necessary and sufficient for an interior optimum E  . As subnetworks
are symmetric, all firms belonging to the same subnetwork exert the same effort,
(i.e. el D eli D ei ). When all firms start the game exactly at the Nash equilibrium,
then there is no unilateral incentive to deviate and the model reduces to a one shot
game. Otherwise a dynamic mechanism for updating R&D effort over time must
be defined. Before doing so, we briefly analyze the main relationships between
marginal profits and effort in the proposed multi-network competition.
Due to the complex network structure of R&D collaborations and spillover
externalities, it is unlikely that agents are able to play the Nash equilibrium strategy
in one shot. Consequently, firms are considered as boundedly rational, i.e. they
do not have complete information about the strategic variables, and each player
is assumed to care about immediate local profit maximization and adaptively
adjust their efforts over time along the direction of the local (correct) estimate
of expected marginal profits, according to the so called “gradient dynamics” (or
“gradient process”, see Arrow and Hurwicz 1960; Furth 1986; Flam 1993; Bischi
and Naimzada 1999; Friedman and Abraham 2009)
ej .t C 1/ D ej .t/ C ˛j .ej /

@j
I j D 1; : : : ; h
@ej

(6)

where ej .t/ represents the R&D effort at time period t of a representative firm
belonging to the subnetwork sj ; ˛j are positive functions that represent speeds of
adjustment.
Notice that each firm uses naive (or static) expectations about other firms’ effort
choices, i.e. they believe that actions of other players in the next period will be the
same as in the current period (see Goyal 2007). So, efforts at time t, which are
observable by all agents, lead to the choice of next period R&D activities, through
a repeated adaptive process typical of boundedly rational agents (6). It can easily be
seen that the Nash equilibria, that fully rational (and informed) players are assumed
to be able to select in one shot, are also equilibrium points for the boundedly rational
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dynamic process (6). If such an equilibrium is stable, then we can say that the
adaptive agents are able to learn, in the long run, how they can choose R&D efforts
in an optimal way. However, as we shall see, these equilibria are not always stable
under the gradient dynamics (6).
The focus is on the case of only two subnetworks s1 and s2 with n1 and n2 firms
and connection degrees k1 and k2 respectively. Moreover, speeds of adjustment are
assumed linear with ˛j .ej / D ˛j ej , i.e. the relative effort change Œej .t C 1/ 
ej .t/ =ej .t/ is posited to be proportional to the expected marginal profit.
Under these assumptions the dynamical system that describes the time evolution
of the efforts chosen by the two representative firms is given by
˛i ei .t/
ei .t C1/ D ei .t/C 
2 Ai C Bi ej .t/ C Ci ei .t/ ; i; j D 1; 2I i ¤ j
b 1 C ni C nj
(7)
where:
Ai D 2.a  c/ .ni  ki / .1  ˇi / C ˇi C nj .1  ˇj /


Bi D 2nj .1  ˇi / .ni  ki / C ˇi C nj 1  ˇj 




 ˇj nj  kj  1 C ˇi nj C 1  kj  1
n
Ci D 2 .ki C ˇi .1 C ki  ni / C N  ˇj nj /

(8)

.1 C ki C nj C ki nj  ˇj ni nj  ˇi .1 C ki  ni /.1 C nj //
o
b .1 C N /2
with N D n1 C n2 .
The dynamical model (7) always admits four equilibria. There are three boundary
equilibria: O D .0; 0/ and
E1 D .A1 =C1 ; 0/ and E2 D .0; A2 =C2 /;

(9)

located along the invariant coordinate axes, with nonzero coordinate strictly positive
if and only if the corresponding profit function i .ei / is strictly concave. Moreover,
provided that C1 C2  B1 B2 ¤ 0, a unique interior equilibrium


E D



A2 B1  A1 C2 A1 B2  A2 C1
;
C1 C2  B1 B2 C1 C2  B1 B2


(10)

We observe that, in general, at a boundary equilibrium Ei only ni agents invest in
R&D even if N agents sell their product in the market. Equilibrium E  is obtained
by unilateral profit maximization by representative firms in the two subnetworks and

292

G.I. Bischi and F. Lamantia

correspond to the Nash equilibrium solution described in the previous section. We
characterize the equilibrium E  in some benchmark cases in the following.

3.2 Main Results
The main analytical results in Bischi and Lamantia (2012a) are obtained through the
study of the two-dimensional map (7), and in particular through the local stability
analysis of the various equilibria of the model. A first result of Bischi and Lamantia
(2012a) is that for a sufficiently low initial R&D level (no matter how low) there
will be at least one network exerting a positive (and increasing with time) level of
effort, i.e. it is always convenient, for at least one network, to invest in R&D.
Another analytical result in Bischi and Lamantia (2012a) shows that if the cost of
effort  is sufficiently high and only network i invest in R&D, then this network will
tend to adopt a constant level of efforts provided that its reaction coefficient ˛i or the
aggregate parameters Ai are sufficiently small: we can relate “small” Ai values to
small differences between the maximum selling price a and the maximum marginal
cost coefficient c and/or to a great cost reduction within network i (due to many
collaborative arrangements within network i or high internal spillovers). Otherwise
instability can be present and R&D efforts inside network i are characterized by
increasing levels of unpredictability.
When Ei , i D 1; 2, is stable also in the direction transverse to the coordinate axis
ei , then we observe a decrease in R&D efforts by network j till its effort goes to
zero, and only network i will invest at the equilibrium level Ei .
Other analytical results in Bischi and Lamantia (2012a) are obtained for two
opposite benchmark cases. In the first one, all firms compete in the market and
possibly invest in R&D, but no ties are established among them (empty network).
Thus, individual effort has never the effect to reduce costs to competitors, neither
in form of agreements nor in form of involuntary spillovers. The second benchmark
is, in some sense, the opposite case, represented by two competing networks that
are fully connected, i.e. each firm completely shares its R&D cost-reducing results
within its network (complete networks).
Due to the hypothesis of symmetry, the study with two competing subnetworks
can be carried out analytically by studying a map of the plane, thus establishing two
main results. The first one is related to transverse stability of boundary equilibria.
Bischi and Lamantia (2012a) demonstrate that they are always unstable with
empty subnetworks, but can be stable with complete subnetworks. This fact has
an interesting interpretation in terms of dominant group architecture of the industry.
The second result is a welfare analysis of equilibria for the benchmarks, showing
that empty subnetworks are never efficient.
When the inner effort equilibrium E  is positive and stable for the cases of
an empty network and a complete network, it is interesting to carry out some
consideration on welfare analysis at the positive equilibrium (see Qiu 1997 for the
analysis in the Cournot game without network structure). The results for the case
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with a single network (e.g. n2 D 0) corresponds exactly to proposition 7 and 8 in
Goyal and Moraga-Gonzales (2001). For sake of simplicity it is assumed b D 1.
In case of empty subnetworks, by making use of E  , the equilibrium quantity
and individual profits of a representative firm, with consumer surplus are given by


.a  c/2 g .1 C N /2  N 2
.a  c/  .1 C N / E
I D
q D
I
.1 C N /2  N
..1 C N /2  N /2
E

CSE D

(11)

.a  c/2  2 N 2 .1 C N /2
2 Œ.1 C N /2  N

2

where the index E stays for “Empty”.
Correspondingly, for the case of complete subnetworks,1 equilibrium quantity
and individual profits of a representative firm with consumer surplus respectively
are given by


.a  c/2  .1 C 2n/2  .1 C n/2
.a  c/  .1 C 2n/
C
q D
I D
I
.1 C 2n/2  n .1 C n/
.n C n2  .1 C 2n/2 /2
C

CSC D

2.a  c/2  2 n2 .1 C 2n/2
Œn C n2  .1 C 2n/2

2

(12)

where the index C stays for “Complete”. Moreover, in the following we denote the

2
P
1 PN
total welfare by TW D N  C CS D N
:
i D1 i C 2
i D1 qi
By direct comparison of the previous quantities it is possible to show that if
b D 1; n1 D n2 D n then
 E <  C I CSE < CSC I TW E < TW C :
Under these circumstances, it is preferable, both from a private and a social point
of view, to have a competition between two complete networks than two empty ones.
These results are also confirmed in the numerical simulations with random networks
reported in Bischi and Lamantia (2012b). Of course, more efficient solutions for
intermediate levels of collaboration activity in the subnetworks are not ruled out.
Summing up, the results in Bischi and Lamantia (2012a,b), when two networks
with equal level of connectivity compete, spillovers that are internal to a network
can reduce progressively the market share of the rival network. Furthermore, in
cases where a network starts with the disadvantage of having less links than its
competing network, internal spillovers can completely overturn the positions, with
discontinuous changes in equilibrium investment levels and profits. This is due to
the coexistence of different long run attractors, i.e. to coexisting fixed points in

1

Note that n1 D n2 D n.
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the space of efforts, each with its own basin of attraction, leading to a situation of
multistability. With respect to external spillovers, we observe that when they are
low, they provide substantial benefits to the network they are directed to, whereas
above a threshold level, they turn out to be harmful for the receiving network. For
all these cases we explored also the effects of these parameters on social indicators
of performance.
In Bischi and Lamantia (2012b), the assumption on networks’ symmetry is
relaxed, showing how the framework of the paper can be adapted to perform
numerical analysis with asymmetric networks, which are randomly generated.

3.3 Knowledge Accumulation in a R&D Network
When dealing with R&D efforts, whose result can be described as production
of knowledge, memory effects should be considered for this immaterial form of
capital, also denoted as “knowledge capital stock”. In fact, knowledge gradually
accumulates as a result of past efforts (see e.g. Nelson 1982; Cohen and Levinthal
1989, 1990; Confessore and Mancuso 2002), but it usually can be only partially
“capitalized” because knowledge tends to depreciate itself as time goes on, according to the obsolescence rate of information and technology. In Bischi and Lamantia
(2010), a general framework is proposed to describe an industry, evolving in discrete
time, where firms invest in R&D efforts in order to increase their overall knowledge
level, otherwise subject to obsolescence (see Bischi and Lamantia 2004; Petit and
Tolwinski 1999; Petit et al. 2000). More precisely, time t investments in R&D by
firm i , denoted by Ei .t/ increases the time t total (or accumulated) knowledge of
firm i , which is given by
zi .t/ D

t
X
kD0

t k Ei .k/ D Ei .t/C

t 1
X

t 1k Ei .k/ D Ei .t/Czi .t 1/

(13)

kD0

where  2 Œ0; 1/ gives a measure of how rapidly information becomes obsolete. A
similar formulation of knowledge accumulation was also employed in Bischi and
Lamantia (2004), where an increment of total knowledge has a cost-reducing effect,
as a firm i has a marginal cost function at time t of the form
ci .t/ D c0  c0 fi .zi .t//

(14)

where c0 is the marginal cost without R&D efforts (equal for all firms) and fi .zi / is
an R&D production function (see on this point Confessore and Mancuso 2002).
Moreover, firms that invest in R&D can establish bilateral agreement with other
competitors and create an R&D network; this means that they can cooperate and
share R&D results, even if they remain competitors on the marketplace, as proposed
in D’Aspremont and Jacquemin (1988) and Goyal and Moraga-Gonzales (2001).
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However, R&D investments are not entirely private, as a fraction of them can spill
over for free to competitors (see also Audretsch and Feldman 1996; Bischi and
Lamantia 2002; Bischi et al. 2003 on this point). In Bischi and Lamantia (2010),
at each time period each firm has two different choices to make: the level of R&D
effort to exert, and then the quantity to produce. At each time period firms are able
to “solve” the problem of optimal production choice, according to the R&D efforts,
by backward induction, similarly as Bischi and Lamantia (2012a). In this way, the
model becomes a repeated two stage game, so that the choice of an R&D effort
strategy is always followed by an “optimal” subsequent choice of quantities. Firms
are homogeneous, so that also total knowledge is an homogeneous quantity within
the industry. The network structure is fixed, so that firms have to decide the level
of their R&D efforts and the quantity to produce within a given network structure.
With respect to the effect of a change in the level of collaboration activity, firms’
agreements for sharing R&D results are more alliances (long-term instances) than
coalitions (short-lived instances), as it is often the case when agreements originate
from Joint Ownership relationship (see Gauvin 1995). After describing the general
framework of the model, a specific functional form for the R&D production function
is proposed. Also in this case, a dynamic formulation of the discrete-time model
is expressed in terms of gradient dynamics (see Flam 1993; Furth 1986; Bischi
and Naimzada 1999; Szabó and Fáth 2007). As a consequence of the assumption
on agents’ homogeneity, this dynamic model is two-dimensional, with dynamic
variables given by R&D effort and knowledge. In particular, the equilibria of the
dynamic model are also equilibria for the corresponding static model. In this way the
proposed dynamic model is useful for two different purposes: first, it describes the
“out of equilibrium” decisions of a representative firm that engages the competition
over time. Second, in case of convergence to an equilibrium point, the dynamic
model is a numerical tool for finding these equilibria, that, in general, can not
be found algebraically. In fact, analytical results on existence, uniqueness and
stability of an R&D effort equilibrium are provided with a strict concave R&D
production function, i.e. when the marginal productivity of knowledge is decreasing.
When the R&D production function obeys the “law of variable proportions”, some
insights can be given by numerical methods. Both the cases of a concave R&D
production function and a convex-concave one are explored. For the first case a
unique equilibrium for R&D efforts exists with a corresponding stationary level
of total knowledge of the industry. With a convex-concave production function,
it is possible to observe a discontinuous transition from a positive equilibrium
to absence of investments as spillovers are increased; this phenomenon shows
hysteresis effects, so it can even be irreversible as spillovers are reduced back to the
previous level. This suggests that it is important to protect intellectual properties to
limit the disincentive to invest in R&D as a consequence of free rider behaviors.
Moreover, the numerical experiments suggest that, both in the case of strictly
concave or convex-concave production function, R&D efforts are decreasing as the
number of links in the network is increased. Total knowledge appears to be always
maximized for intermediate levels of collaboration activity.
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However, not only the cost reduction effect of R&D activities but also the
capacity to exploit spillovers (i.e. the “absorptive capacity”, see Confessore and
Mancuso 2002) should be assumed to depend on the accumulated knowledge.
Moreover, it would be more reasonable to assume that internal spillovers are not
constant, but their effects fade with the network distance among competitors.

4 Conclusion
In this chapter we have given a general (but not exhaustive) review of the literature
on oligopoly models with R&D activities, with firms linked in a network according
to bilateral agreements for sharing cost-reducing R&D results, i.e. knowledge
and new technologies. The results given in this literature stream address several
important issues concerning industrial organization, creation of industrial clusters,
incentives to reach an optimal level of collaboration among firms in order to increase
profits and overall efficiency, determination of stable networks’ structures.
The possibility of a dynamic setup of oligopoly models along R&D networks
has also been analyzed in this chapter, both from the point of view of literature
overview and in a particular model based on a repeated two-stage game used to
describe the competition between firms arranged in a set of R&D subnetworks, and
acting non-cooperatively at the second stage, where quantities to sell are decided
in order to maximize their individual profit, as in a Cournot oligopoly game. The
long run outcome of such adaptive process may coincide with an underlying Nash
equilibrium of the game. However, when several equilibria are present, as it occurs
in the model proposed when inner and boundary equilibria coexist, an equilibrium
selection problem arise, so it is crucial to analyze the path dependent dynamic
transition toward an equilibrium, as the initial condition of the system plays a role
in the long run behavior of the model. This point recalls Nash’s concern about a
possible evolutionary interpretation of the concept of Nash equilibrium.
A remarkable improvement of the models dealing with R&D networks can be
obtained by assuming that knowledge gained through R&D efforts accumulates over
time. Following Bischi and Lamantia (2004), a first step in this direction can be
found in Bischi and Lamantia (2010), where an R&D network game with knowledge
accumulation is analyzed. However, both the cost reduction effect and the capacity
to exploit spillovers (i.e. the “absorptive capacity”, see Confessore and Mancuso
2002) should be assumed to depend on the accumulated knowledge. Other issues
that may be worth to be investigated include the dynamics of formation of emerging
networks at different scales (regional, national and international), the location choice
and formation of clusters (or industrial districts).
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