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Abstract. In this study, we analyze firms’ membership in R&Research and
Development) cooperation networks. Our main resehypothesis is that the membership
in cooperation networks is related to the degrethefknowledge spillover. The approach
focus on both cost symmetry and cost asymmetrythairpurpose, our work is developed
in two tasks: we first develop an analytical modath three stages: in the first, firms
decide whether to participate in a cooperative aiese network; in the second they
simultaneously choose the level of R&D output, dmally firms choose the level of
output through Cournot competition under both gyshmetry and cost asymmetry. Then
we proceed with computational simulations in orttewerify our hypothesis. From our
results, we were able to conclude that cooperdéiads to an improvement on RJV firms’
position in the market as it allows them to produmere than others with the same
production conditions. Additionally, cooperatingnfis have to spend fewer resources on

research, which turns the network a tremendousessaan the productive efficiency level.
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1. Introduction

In recent years, cooperation networks is one ofnlst appealing topics to study, gathering
researchers from different scientific fields, sasheconomy, management, computer science,

as well as politicians and entrepreneurs.

It is generally recognized that R&D (Research amegdlopment) activities have some public
good features, as firms cannot fully appropriate rigturns of their R&D investments, due to
the existence of R&D spillovefsAs a result, R&D expenditures are usually less tacially

optimal. For this reason, R&D cooperation frequertherges, so as to internalize spillovers.

Cooperation in R&D is usually identified with resela collaboration and it is often
investigated in the context of two-stage oligopotgdels in which firms make their R&D
decisions in a first pre-competitive stage andrtheantity/price setting in a second stage. The
most influential article on R&D cooperation is diteed'Aspremont and Jacquemin (1988),
who assumed that there are spillovers in R&D outpabther prominent work is Kamiest

al. (1992), which proposed spillovers in R&D expendigiand allowed for different R&D
organization models that may involve R&D expenditucartelization and/or full information

sharing.

Since these starting articles, a lot of scientiiodels emerged around the topic of R&D
cooperation, providing numerous extensions to tlowggnal models. Particularly interesting
are the extensions to an oligopolistic scenarichviftdustry-wide agreements (Suzumura,
1992) or partial industry agreements (Poyago-ThHgotd995). Other authors considered
diverse degrees of spillover between cooperatimgsfi'\Vonortas, 1994), both inter and intra-
industry R&D spillovers (Steurs, 1995) or one-wailevers from the firm with higher R&D
activity to its rival (Amir and Wooders, 2000). @thapproaches introduce the concept of
absorptive capacity, which means that each firndede conduct its own R&D in order to
realize spillovers from other firms' R&D activitfCohen and Levinthal, 1989; Kamien and
Zang, 2000). Alternatively, some papers involve aiyic models, as it was the case of Petit
and Tolwinski (1999), who extended the existingrature on cooperative/competitive R&D
into a context of a dynamic model. Also, other moeeent research studies have been

interested on the same dynamical process of infmvasing spillovers and trying to analyze

2 According to Scitovsky (1954), spillovers (or teological externalities) deal with the effects ofnamarket
interactions, being realized through processesdtiatt the production (or profit) function of arfi. Spillovers
may respect to the diffusion of learning acrossndir which can take place through interfirm mobilaj
employees or cooperation.



the impact on welfare, studying the private andaoocentives of R&D cooperation (Cellini
and Lambertini, 2009).

Many also used the differentiation through asymyetiamely in costs and spillovers to
observe the behaviour of firms when facing theselkiof constraints. In Atallah (2005) or

Atallah (2007) we observe asymmetry in spillovensd not cost asymmetry, as in this work).

Most of the research on R&D cooperation is theoattibut empiric analysis is also possible
and desirable. If intuitively and theoretically wan predict benefits from cooperation, only
from empirics we can assure that these benefitseate Some interesting studies try to depict
the results of R&D cooperation, which is the caé&schhoff and Schmidt (2008), where
they observe the effects of R&D cooperation on reitinnovation and firms’ efficiency

improvement that lead to better economic perforraanc

We may also refer that there are few empirical istudhat aim at studying the effects of
production conditions and spillover degrees oveapeonation among firms. One of the most
relevant studies is the one developed by Cassimarvaugelers (2002) that show the effects
of incoming spillovers and appropriability on hayinooperation. Using data from Belgium
they found that incoming spillovers have a posiawne significant effect on the probability of
cooperating firms. They also found that the higlygpropriability, the higher the probability
of network cooperation. However, they showed thatay depend on the kind of partners that
firms deal with in the market. In addition, somensspillover determinants of cooperation are

also examined, and they found that larger firmsnaoee likely to cooperate.

Starting from the literature on R&D cooperation, onr study we intend to analyze the
membership and profitability of cooperation netwsorlOur main research hypothesis is that
membership in cooperation network is associatel thie¢ degree of spillover. Therefore, this
approach tries to offer a (less typical) extensmithe analysis of R&D cooperation for more
than 2 asymmetric costs firms. So, its main value the extension of the number of
companies that exist in the market, the considaratf asymmetric marginal costs of
productions, as well as the computational simutabb the interactions, and the results that

emerge from it.

Our work is, then, developed in two parts, eacthefn divided in two steps. In the first part,
we assumed that firms are symmetric in what respgéet marginal cost of production, R&D
costs and the spillover outside the network. Indbeond part, we considered that firms may



have different marginal costs of production. As fbe steps of each part, we propose
developing (i) an analytical model, followed by) (& computational approach that finds a

numerical solution to verify our hypothesis.

2. Part | — R&D Cooperation Networks under symmetric marginal costs

In the first level, we made an analytical solutimn the problem of R&D cooperation by
extending the model of d'Aspremont and Jacquenfi8g)Lto an oligopolistic scenario with
partial-industry agreements between symmetric fivide then developed a three-stage game
where firms decide about entering in the R&D coapen network, then about its R&D
expenditures and afterwards they compete in theubuarket.

After developing the model, and due to the compjeri the solution for the equilibrium
R&D output, we decided to use numerical simulatiomberefore we consider both a
repetition of the game by introducing a numericaluson through an Agent-Based
Simulation. The firms are represented by heterogemegents that possess distinct profit
levels and whose decisions are based on indivighedérences. We measure the profits of the
firms in two different periods of time and conclutat there is an association between the

participation in cooperation networks and the cgomding profitability in the long run.

2.1. The Model
There aren firms that produce a homogeneous output, whosersgvdemand function is
given by

P=a-bQ )

where the parametercaptures the dimension of the market bngl a constan®Q is the total
output given by the expression:
_3 @)
(Q=>_0) (a, b>0andQ < a/h).
i=1
As it is typical in R&D cooperation models (e.gAsbremont and Jacquemin, 1988), we will

assume that R&D output is cost reducing throughdiitive formulation, that is:



q:;i_xi_ﬁixj ©

j#i

wherea, accounts for stand-alone marginal coéts (@, < a) andx measures firni's R&D
output. Each firm also benefits from the R&D dey&ld by other firms through a spillovét,

O [0, 1]. Additionally, it will be assumed that tlerare diminishing returns to R&D
expenditures, that i€'( x) > 0 andC"( x) > 0. In order to ensure positive quantities, we will
impose that:

X; +,BZn:xj <cC )

j#i
Additionally, and as in d'Aspremont and Jacquendif8g), we will consider a specific

functional form for the R&D cost function:
C(%) = 0,5% (%)

The profit of firmi is then given by:
7 =(P-c)q —C(x)= (6)

=(a-bY a; —a +x + B x)q ~ 05(%)*
j=1 j#i
It is proposed a three-stage game, where firmsddegbout cooperation, R&D output level

and afterwards select the level of output non-coatpeely. The timing is the following:

In the first stageniembership stagefirms decide whether to participate in a coopeea
research network. For simplicity, we will assumattiwithin the cooperative network, the
degree of information sharing is set at its maximerel (5=1), a structure known in the
literature asResearch Joint VenturéRJV) (Kamienet al,, 1992). Additionally, we will
consider that insiders can obstruct the entry ofdaitional firm if it reduces their profits,
while an outside firm will join the RJV only if increases its profits. Therefore, the following

conditiong ensure the stability of a RJV of siae

3 The stability conditions here used are similarhose usually adopted in the literature (e.g. PoyBlgotoky,
1995; Atallah, 2003).

5



(i) 7" (m)z 7" (m-1) (")
(i) 7" (m)= 77" (m-1) (8)

(i) 77"(m)= 7" (m+1) or 77" (m)= 77" (m+1) or both. )

where 77" (t) represents the profit of an insider ard™ (t) the profit of an outsider when the

RJV is of siz&. 77" (m) represents the average profit of firms in awoek of size m andz"

(m-1) represents the average profit of firms inedwork of size m, not taking into account

one specific firm.

In the second stageldvelopment sta@efirms simultaneously choose the level of R&D
output, independently or under cooperation. If fireooperate, then they will coordinate

R&D output in order to maximize joint profits.

At last, in theproduction stagefirms simultaneously choose the level of outgubtigh

Cournot competition.

2.2. Analytical Solution

We will assume tham firms join the Research Joint Venture (RJV) andkim&e joint
profits. As mentioned before, there is full infoima sharing between the RJV participants

(B = 1), while for the remainingn¢m) firms, g 0 (0, 1). Additionally, we will assume that

firms are symmetric, that iy, = ¢, /7i.

Second-stage Cournot profits for an RJV — firm come

= =[amem(=m)(x' + f(n-m-1)" + Amg )= (m=n-1)(mx’ +(n-m}x")|’ (10)
' b(n+1)

whereC stands for cooperating arid for non-cooperating firms.

Additionally, a non-RJV-firm will have Cournot pitsf equal to:

p :( a-c= (n=m=-1)(x" + B(n-m-1)x" + Amx° ) m(mx® + B(n-m=2)x" )= n(x" +B(n-m-2)x" )]2 (11
‘ b(n+1)



In the R&D stage, firms must decide about its R&DRput under cooperation or competition.
From Cournot profits maximization and by imposiygnsnetry, the R&D output equilibrium

for both cooperating<f) and non-cooperating®) firms then comes:

(12

o= @9 {y(nu)z - 4n@-B) + BlB(n-m)+ @+ ma-B)]

b An-5)+ 4] r(nmmies _1)}

(13
X

- (a—c){y(nﬂ)z -2m’[(n-m)(1-8)+1’

- a8 1] +m[/)’(m+1)—m]}

Due to the complexity of the solution for the eduibm R&D output, we decide to use

numerical simulations that we explore in the follogvsection.

2.3. Numerical Results

In order to obtain numerical results to test oypdtiresis, an algorithm has been implemented
using R language (R Development Core Team, 200Bg dutline of the algorithm is
presented in the appendix 1. First, we start Wwighinitialization of the main parameters of the
model. There are many parameters to initializégneérdimulation and it would be fastidious to
describe all the set up choices. Focusing on thiea parameters that have been initialized:
a=80; C=50; y= (8*(n+1)"2)/27+10 (according to Poyago-Theotok995);n = 5 (number

of firms in the market) anch= 2 (number of firms in the network).

To make the algorithm work it is necessary to diahnitial values for the number of

repetitions of the cycle. We set up Generation§.= 2

In Table 1 some results of the simulation for défg values oh (number of firms in the

market) are presented.



Marginal cost=50

Beta (B) - 0.2 0.4 0.6 0.81 0.9

RJV Profits 46,72 48,73 50,25 51,25 51,73 51,76
Non-RJV profits 24,28 24,76 25,17 25,50 25,75 25,83
RJV Profits for (n-1) RJV firms 74,07 76,06 77,56 78,57 79,07 79,10
RJV R&D output 0,16 0,16 0,16 0,16 0,16 0,16
Non-RJV R&D output 0,41 0,35 0,28 0,21 0,15 0,12

RJV Profits for (n+1) RJIV firms 24,50 25,08 25,48 25,71 25,75 25,71

N=20

Marginal cost=50

Beta (B) - 0.2 0.4 0.6 0.81 0.91
RJV Profits 3,99 4,04 4,07 4,09 4,10 4,09
Non-RJV profits 2,02 2,04 2,04 2,05 2,05 2,05
RJV Profits for (n-1) RIV firms 5,99 6,06 6,11 6,14 6,14 6,14
RJV R&D output 0,02 0,02 0,02 0,02 0,02 0,02
Non-RJV R&D output 0,02 0,01 0,01 0,01 0,00 0,00
RJV Profits for (n+1) RJV firms 2,02 2,03 2,05 2,05 2,05 2,05

N=5

Marginal cost=50 and R&D cost (y)=50

Beta (B) - 0.2 0.4 0.6 0.81 0.91
RJV Profits 48,90 49,58 50,09 50,42 50,58 50,59
Non-RJV profits 24,75 24,92 25,06 25,17 25,25 25,28
RJV R&D output 0,05 0,11 0,11 0,11 0,11 0,11
Non-RJV R&D output 0,14 0,11 0,09 0,07 0,05 0,04
Marginal cost=50 and R&D cost (y)=90

Beta (B) - 0.2 0.4 0.6 0.81 0.91
RJV Profits 49,34 49,75 50,05 50,25 50,35 50,35
Non-RJV profits 24,85 24,95 25,03 25,10 25,15 25,17
RJV R&D output 0,03 0,07 0,07 0,07 0,07 0,07
Non-RJV R&D output 0,08 0,07 0,06 0,04 0,03 0,02

Table 1: Results of the simulation for different valuesx@dhumber of firms in the market)

Firstly, we can see that all firms outside the Ra&ht to enter the network and firms inside
the RJV let them enter. The network then is forrbgdall firms in the market. There is

stability when all firms are inside the network aherefore there is no entrance or exit of
firms to and from the RJV. Whatever is the numletampanies in the market and for every
spillover levels, companies will sooner or latetegnn the RJV and there will be a huge

cooperation network between all companies in thekataafter interaction starts.

From our computational exercise, we first obsehat there is a direct relationship between
the R&D spillover that exists outside the netwagfx &nd firms’ profit (Figure 1). In fact, we
may conclude that an increase of the R&D spillopatside the RJV will make firms to
benefit from other firms’ knowledge, and, therefdeincrease its profits. And this is true for
both RJV and non-RJV firms, while in the first capeofits are higher due to a maximum
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spillover among cooperating firms. Also, a correlatcoefficient of 0,997 between spillover

and firms’ profit was found to be statistically sificant at 0.05 level of significance.
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Figure 1: Profits evolution with the spillover between nameperating firms (beta)

Additionally, when we focus on the R&D investmewg observe that it is higher for non-
cooperating firms when compared with cooperatingndi except for a high degree of
information sharing among non-cooperating firmsy(ire 2). At the same time, we observe
that for non cooperating firms, there is an invegationship between the level of knowledge
spillover and the investment in R&D. This result rsther intuitive: higher degrees of
information sharing means lower appropriatenesR&D efforts and, therefore, lower R&D

investments:
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Figure 2: R&D output evolution with the spillover betweenmoooperating firms



We also observe that as the R&D cagtificreases, each firm’s profit also increases watlt
a higher effect on the RJV firms than for the cafseo cooperation (Figure 3). This might be
explained by the increasing need to share know-gwen it is more expensive to do

research.
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Figure 3: Profits evolution under R&D costs increasing

In what concerns the investment in R&D, it appéardecrease abruptly with small R&D cost
values but then it has smaller reductions for greablues of R&D cost (Figure 4). This
phenomenon may explain the evolution of the prdfitee the evolution of the investment

compensates the increase of its cost.
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Figure 4: Evolution of R&D output with R&D costsy)
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Now, if we change the paramet(related with demand size) we observe a posithange

of the profits (Figure 5). This change was indeggeeted, as when the dimension of the
market increases, the profit increases as well. ifitestment in R&D also increases in both
groups (RJV and non-RJV), and we observe that footside the network (non-RJV) invest

more than firms inside the RJV.
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Figure 5: Evolution of R&D output when the market size irases (a)

Finally, we repeat the simulation for different nogn of firms in the markenf and observe

that whem increases, the R&D output decreases (Figure 6%.félot can be explained by the
inverse relationship between the R&D output andgpmidover. Therefore, as the number of
firms in the market increases the R&D output desgeadue to the fact that the spillover is

greater for larger number of firms in the marked #me need for R&D output is lower.
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Figure 6: Evolution of R&D output when the number of firnmsthe market increase
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3. Part Il — R&D Cooperation Networks under asymmetric marginal costs

In this second section we develop an analyticaltswi for the problem of R&D cooperation,
maintaining the key assumptions of the model ofsgi&mont and Jacquemin (1988) and
extend it to an oligopolistic scenario with pariladlustry agreements between asymmetric-
costs firms. We assume that these companies hgwavastric marginal costs of production,
although the spillover and the R&D cost are ideaitfor every firm. As in the former part, we
developed a three-stage game where firms decidet amtering in the R&D cooperation,

then about its R&D expenditures and finally theynpete in the output market.

To develop the analytical model, due to its compyers the solution was exceedingly
complex and extremely difficult to solve withoutckmological help, we use numerical
simulations to find the solution for the equiliomuiR&D output. Therefore we consider both a
repetition of the game by introducing a numericaluson through an Agent-Based

Simulation similar to the previous process in partThe firms are represented by
heterogeneous agents that possess distinct maggise of production and whose decisions
are based on individual preferences. We measuregrbigs of the firms in two different

periods of time and analyze if there is an assotidietween the membership in cooperating

networks and the corresponding profitability in theg run.

We consider nine firms, because the electronicuregs only had capacity to derivate the
model equations with less than ten companies. BHathhave a different marginal cost of
production;, fori =1, ..., 9 and equal R&D costs. The spillover ioagual for every firm
outside the network although its value was notdiXeside the network the spillover was set

equal to one, just like in the first part.

With these new hypotheses we determine the new aoynpost function, which is almost
similar to the previous one but with asymmetric gnaal costs. After that we determine all
the new equilibrium equations necessary to caleula R&D output and the output of each

firm.

3.1. The Model

In this second model we consider both equationadl2a showed and explained in part I's

model. Equation 3 change according to the hypathasmsidered above, which means that it

12



now measures the impact of the existence of diveramginal costs of production between

firms. In this case, there will not be a constapton the equation (3’):

G :ai_xi_ﬁixj 3)

j#i
a;, as in part |, accounts for stand-alone marginatQ < a, < a) andx; measures firm's

R&D output. The R&D spillover keeps the same prapsrf [ [0, 1], and as written before,
it will be assumed that there are diminishing nesuto R&D expenditures, that i€/(x) > 0
andC'"(x) > 0.

The subsequent equations 4 and 5 did not changeEtpgation 6 changes because of the
adjustment of the third equation. So, the profiidiion has change so that it reflects the

differences on marginal costs of production betwigens:

7 = (P-c)q, ~C(x)=

=(@-bY0, ~a, *x + %) - 05(x) ©)
1= J#F
It is proposed the same three-stage game usedtih Réere firms decide about cooperation,
R&D output level and then select the level of ottpan-cooperatively. We use the same
assumptions of Part | on the membership issue:nmembers only want to enter the network
if their profit increases with their entrance, vehihembers want to leave the network if their
profit increases by being out the network. Howewerthis Part we assume three different
decision criteria on the members’ decision of tgtithon-members enter or not the network.
Each one of these three options is used to findhowt network formation can present

different features by changing this condition. Thiee possibilities were:

(1) The average profit inside the network must inaeeasth the entrance of a

non-member firm;

(2) The profit of the firm that will enter must be supe to the network average

profit;

(3) The profit of the firm with highest income (a kiod “leader” firm) must keep

the same or increase with the entrance of a newh®aem

13



3.2. Analytical Solution

As before, we perform the analytical solution byigidering only nine firms because of the
difficult on calculation. These firms may join tResearch Joint Venture (RJV) and maximize
joint profits. There is full information sharingteeen the RJV participant® € 1), while for
the remainingrf-m) firms, S0 (0, 1).

The R&D output that results from the solution osexond-stage Cournot for cooperating

firms is defined by:

xf =f(aBy,af af) (14)

with xf meaning the R&D output of a firm in the networks for a, this parameter recalls

the marginal cost of an outside firm, whitg, is the one for RJV firms. And the same applies

to the non-cooperating firms:

x]N = f(al ﬁf Y, a]Nl alc) (15)

wherex}\’ is the R&D output of a non-member. The other \@es have the same meaning as

the ones referred above. For calculating the outpetach firm we have also to compute the
equations for each case, as the number of firmte@metwork changes. For instance, when
we have 2 companies in the network and the othetside it, the equations for firm one
(cooperating) and three (non-cooperating) are:

ai = f(aB.xi,x}, af, &) (16)

with gi equal to the output produced by a company belgnmirihe R&D network, and

qa; = f(ap,xf,x}, af, a) 17)
Whereq}" represents the output produced by a non-memhbeatetwork.

Due to the complexity of the solution for the eduibm R&D output, and as we did in the
previous part, we decide to use numerical simuiatid®Ve explore them in the next section.

3.3. Numerical Results

We use the same structure of the first algorithmg again it was implemented using R

language (R Development Core Team, 2005). Thenaudf the algorithm is presented in the
14



appendix 2. First, we started with the initialipatiof the main parameters of the model, the
valuesa, b of equation (1), the spillove) of the firms outside the network, and all theesth
relevant values to set up the simulation..The np@Eirameters have been initialized in the

following mannera=80, y =100,n=9 (number of firms in the marketj=2 (number of firms

in the network).

As said previously, to make the algorithm worksinecessary to establish some initial values
for the number of repetitions of the cycle, andsgé Generations = 20.From the simulations
made we obtain very interesting results on the Wieba of firms and also we get a significant
amount of data that was very useful to understiwedgains and the differences between
cooperating and non-cooperating firms. Regardimgdi asymmetry, it is possible to say that,
in general, firms with low marginal production cosiave higher profits, produce more output
and are those who do more research, which meanshiia have higher R&D output. The
R&D output values tend to grow when the spillovecrtases, which means an increasing
necessity of research because the less the spiltbeeless know-how spreading between

firms, so they have to produce more R&D outputrtheo to reduce production costs.

We then test some combinations of firms, with ddfe marginal costs of production, in order
to evaluate if there are some changes in the finittsin the network. Not in all combinations
but in most of them, network stability occurred fow levels of spillover. This means that
when the spillover reaches a lower level, firmsfgréo join the R&D network in order to
benefit from a total share of research output &ed have less production costs and so higher
profits, contrasting with same background firms.e Tiretwork advantages make possible
firms with the same marginal costs of productiomehdifferent profits, as the ones inside the

RJV reduce more their production costs due to R&bpot spread between them.

A relevant fact is that some networks are formedahyix of firms with better and worse
production skills. Therefore, with some exceptiaamyperation takes place not only between
firms with high or low efficiency, but they are foed by middle marginal cost companies or
joint “extreme marginal cost” firms where the owégh the lowest production efficiency are

the most benefited by cost reduction.

On the profits issue, we can state that they terdiminish with the fall of the spillover since

the marginal production costs are not so reduceefffigiency achievements. Only if the firm

15



belongs to the RJV then its profit increases infited moment when the company joins the

network.

3.3.1. Experiment Results

From all the data we select just an example to el show the conclusions reached on the
R&D cooperation. In the following tables we sum tine results of one of the experiments
where it is considered the first RJV joining cribeér and where it is possible to confirm all the
conclusions made. It was taken a group of compdhashave different marginal costs of 10,
20 and 5. We verify that there is network formationlevels of spillover below 0.29, while
for higher values it is profitable for companieg tmcooperate. When 0.29 is reached, two of

the more efficient firms (7, 8") join a network with a less efficient firm - th&.4

Firms
Spillovers 1st znd 3rd 4th 5th 6th 7th 8th 9th
0,75 419,84 421,04 419,84 110,29 110,29 110,29 649,43 649,43 649,43
0,5 417,71 419,61 417,71 109,21 109,21 109,21 646,77 646,77 646,77
0,3 416,28 416,28 416,28 109,73 108,40 108,40 645,09 645,09 645,09
0,29 415,85 415,85 415,85 112,92 108,18 108,18 655,64 655,64 644,56
0,27 415,29 415,29 426,33 107,88 107,88 107,88 657,44 657,44 643,88
0,1 412,64 412,64 428,04 106,39 106,39 106,39 659,41 659,41 640,75
0,03 411,39 411,39 428,80 105,69 105,69 105,69 660,28 660,28 639,28

Table 2: Firm’s profits determined on the simulation expexiits made.

In table 2 we can observe that firms with the samial parameters attain a different
profitable situation, as™and & have higher profits (655.64>644.56) than tfefiem, as
well as the less efficient firm (112.92>108.18) Hagher profits than the other equally
inefficient firms. Profits, as noticed before, @l firms tend to decrease when they are not in
a RJV. For example, firm number 1 with marginaltoofs10 has firstly a profit of 419.84
(spillover=0.75) and it diminishes till 411.39 (pver = 0.03). The same happens to the
other firms. But, when they join the network, bessaof the gains in R&D cooperation, their
profits tend to increase. For example, firm nunbearns 415.85 when spillover equals 0.29
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but when it joins the network, for spillover valuas0.27 and less, its profits boost to 426.33
and more. This is one of the possible trends tld&t ftm profits take, but is not the only one,
as in other experiments RJV firms see their prafidsrease. Nevertheless, their profits are
still higher than the ones from companies outside RJV with the same production

conditions.

Concerning the R&D output, we can notice that & hgropensity to increase as a result of a
diminishing spillover (Table 3). Nevertheless, dinge firms start a cooperation arrangement
their R&D output decreases, as a result of thekindlwledge sharing benefit that the network
agreement provides. As they will share all the asde they make, they will not spend so
many resources on R&D production and then theltanse R&D output decreases. We also
see that R&D output decreases with the entrandeemetwork but it still increases if the
spillover decreases outside the network. This happecause firms will have to invest more
so that they can maintain themselves producinghm market, and also because their
investment will almost not flow to other firms ouks the network. Since the spillover is low,
which decreases free riding behaviour, firms thatuhld invest less in R&D are obliged to

increase their R&D output.

Firms
spillovers 1t " 3 ath gth 6" 7th gth oth

0,75 0,06 0,06 0,06 0,03 0,03 0,03 0,08 0,08 0,08
0,5 0,10 0,10 0,10 0,05 0,05 0,05 0,13 0,13 0,13
0,3 0,14 0,14 0,14 0,07 0,07 0,07 0,17 0,17 0,17
0,29 0,14 0,14 0,14 0,06 0,07 0,07 0,13 0,13 0,17
0,27 0,14 0,14 0,11 0,07 0,07 0,07 0,14 0,14 0,17
0,1 0,17 0,17 0,13 0,09 0,09 0,09 0,16 0,16 0,21

0,03 0,18 0,18 0,14 0,09 0,09 0,09 0,18 0,18 0,22

Table 3: Firm’s R&D output determined on the simulation esip@nts made.

We then can clearly demonstrate that it augmenenwthe spillover drops. As we can state
by looking again at firm 1, we can observe thabiifput, when the spillover is 0.75, is much
higher than when the spillover is 0.03. It alsoges to firm 5 although the total output is
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lower than the total output of firm one (0.06>0&%&e spillover is 0.75 and 0,18>0.09 once
spillover is 0.03).

Finally, regarding the output produced we see ithdépends on the type of firms existing in
the group, more precisely, the asymmetry betwemmsfimarginal cost of production (Table

4). In fact, when there are firms with differenvéés of efficiency, those that are more
productive normally tend to increase their outpbtlevthe less efficient ones see their output
reduced. Increasing production costs as a resudissfknowledge exchange (spillover) leads
to less capacity to produce output for companidas vaw productive skills. However, this

situation changes if a network arises. If this leay®) cooperating firms produce more than in
a non-cooperation scenario, mainly if compared wither firms with the same parameter

background.
Firms
Spillovers 1* 2" 3" ath 5t 6" Al gt ot
0,75 20,54 20,54 20,54 10,54 10,54 10,54 25,55 25,55 25,55
0,5 20,56 20,55 20,56 10,54 10,54 10,54 25,57 25,57 25,57
0,3 20,56 20,56 20,56 10,50 10,51 10,51 25,58 25,58 25,58
0,29 20,51 20,51 20,51 10,64 10,46 10,46 25,64 25,64 25,53
0,27 20,50 20,50 20,68 10,45 10,45 10,45 25,68 25,68 25,52
0,1 20,47 20,47 20,73 10,39 10,39 10,39 25,73 25,73 25,50
0,03 20,45 20,45 20,76 10,37 10,37 10,37 25,76 25,76 25,49

Table 4: Firm’s output determined on the simulation experiteenade.

By examining the behaviour of output values, wdizeathat it normally tends to increase
when there is no network formation, although soess lefficient firms may face a decrease
on output created. After a RJV arises there isaaedse on output produced by firms outside
the network and a continuous increase on outpum fRAJV firms. Thus, by looking to the
example, when the spillover falls from 0.75 to 0tB@ output rise for all firms, but in the next
phase the output continues to increase for the mfticent firms but it decreases for the less
efficient firms. For example, we see that, firstiyms 1, 4 and 7 produce more output
(20.56>20.54; 10.54>10.54; 25.57>25.55), but whan gpillover is 0.3, for instance the
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output produced is for firm one, four and seven580(<20.56), 10.50(<10.54) and
25.58(>25.57), respectively.

When some firms initiate a cooperative networkrtleitput increase and it is higher than the
one produced by non-cooperating firms with the sgrauction efficiency. As we see
above, by joining the network, firms 4, 7 and 8duce more output than before. And as for
the last two, they continue to increase their outpulower spillover values. This exemplifies

what was said above about how firms’ output chamigje the spillover.

3.3.2. Numerical results for different entering decision citeria

Companies inside the network have, in this algorjtthe last word on letting or not outside
firms to enter the network. Three different entgramiteria were defined that turned different

numerical results mostly significant on networkodity, as it was explained in section 3.1.

All the parameters referred above maintain the saroperties. The main difference between
decision criteria is the number of companies tmatalowed to enter the network. In some
experiments the number of firms inside the netwsrkigher when two different criteria are

compared.

Generally it is possible to visualize which criteriis more flexible and make easier the
entrance of new companies inside the RJV. As weseanin figure 7, the spillover necessary
to make a network arise is higher for criteriofd@powed by criterion 1 and then 3, the least
advantageous criterion. We may note that when denisig the third criterion, which assumes
that the profit of the leader firm must not deceeasth the entrance of a new member, only in
four experiments there was a network formed. Onother hand in the experiments with the
second criterion, where the profit of the enterfingn is higher than the network average
profit, there is always a network formed. Therefariecumstances necessary to generate a

RJV are less tough in the second criterion thatherother possible criteria.
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Figure 7: Spillover value needed to form a network for eatteidon

Regarding the first criterion used, where the iessdmpanies only let a new firm to enter if
the average network profit increases after its nmog, there is a high tendency to arise a
cooperative network. By considering different levef spillover (Table 5), we may conclude
that with this kind of decision, the number of fgnm the network is usually of 2 and 3:

Network Formation

Experiments Costs (1 to 9" firm) Spillover Number of
1 10,20,30,40,50,60,70,80,90 0,01 2 7
2 10,10,10,40,50,60,90,90,90 0,01 2
a4 40,40,50,50,60,60,70,80,90 0,03 3
5 80,80,80,80,80,90,90,90,90 0,03 3
6 90,80,70,60,50,40,30,20,10 0,27 4
7 10,10,10,20,20,20,5,5,5 0,29 3
8 20,20,20,20,20,20,5,5,5 0,1 3
9 1.5,3,4.5,6,7.5,9,10.5,12,13.5 0,18 2
10 3,3,3,3,3,13.5,13.5,13.5,13.5 0,42 3
11 13.5,13.5,13.5,13.5,3,3,3,3,3 0,48 3

Table 5: Spillover and number of firms in the network whesing the first entering criterion

About the second decision criterion, where a finsae the network only enters if its initial
profit is superior to the network average profitpiesents a bigger number of cases where
network take place. In the experiments made wiih ¢hiterion, firms enter on a cooperative
network more easily. The number of companies insige network is higher than in the
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previous criterion for almost experiments maderghgere usually four or more companies
inside the RJV (Table 6):

Network Formation

Experiments Costs (1™ to 9" firm) Spillover ~ Number

oo
1 10,20,30,40,50,60,70,80,90 0,01 )
2 10,10,10,40,50,60,90,90,90 0,01 3
3 5,40,40,40,40,40,40,40,90 0,01 5
4 40,40,50,50,60,60,70,80,90 0,03 4
5 80,80,80,80,80,90,90,90,90 0,27 4
6 90,80,70,60,50,40,30,20,10 0,33 4
7 10,10,10,20,20,20,5,5,5 0,25 4
8 20,20,20,20,20,20,5,5,5 0,44 4
9 1.5,3,4.5,6,7.5,9,10.5,12,13.5 0,3 4
10 3,3,3,3,3,13.5,13.5,13.5,13.5 0,42 5
11 13.5,13.5,13.5,13.5,3,3,3,3,3 0,48 4

Table 6: Spillover and number of firms in the network whesing the second criterion

The last criterion is the one with worse resultsvimat respects the network formation (Table
7). New firms can only enter the network if the g@amy having the maximum profit
maintains the profit at the same value or incredsesile the newcomer enters. With this
harsh criterion, as referred above, only in fousesathere is network formation. In table 7
below we see how network formation works under ftrigerion for experiments where

network arises.

Network Formation

Experiments  Costs (1% to 9" firm) Spillover Number of
1 10,20,30,40,50,60,70,80,90 0,01 2
2 10,10,10,40,50,60,90,90,90 0,01 2
6 90,80,70,60,50,40,30,20,10 0,27 4
8 20,20,20,20,20,20,5,5,5 0,1 3

Table 7: Spillover and number of firms in the network whesing the third criterion
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We made some statistical tests in order to coraibahe relationships and the effects of the
variables in the experiments. One-way ANOVA hasmmemputed, considering the effect of
several values of the marginal cost (here usedfastar/qualitative variable), over the profit
of the firms. The overall null hypothesis has beejected at 0.05 level of significance,
meaning that different marginal costs produce dkfi¢ levels of profits in the firms. Post-hoc
multiple comparisons tests (Tuckey HSD) have besfopmed and we were able to conclude

that lower marginal costs are associated with highafits.

We have also compared the profits between netwaskednon networked firms. The result
of the Mann-Whitney test is that statistically sfgrant at 0.05 level of significance, showing
that there are differences between firms: firmswa@tworks have higher profits than those

outside the networks.

4. Final remarks

In this study, we analyzed the membership in R&DBpayation networks and its impact on
some economic indicators. Our main research hypmhwas that the membership in
cooperation networks is related to the degree @fktiowledge spillover. We first developed
an analytical model where we considered that prioglucosts were symmetric between all
companies in the market. We then used numericalilations to find the solution for the
equilibrium of R&D output, proceeding in the nexbment with computational simulations
in order to verify our hypothesis. The conclusiobsained were that the profit of firms in the
network is higher than the corresponding profitsalé the network. Additionally, from our
computational exercise, we may conclude that arease of the R&D spillover outside the
RJV will make firms benefit from other firms’ knoedge, and, therefore, increase their
profits. We also observed that as the R&D cygpincreases, each firm’s profit also increases,
but with a higher effect on the RJV firms than tbe case of no cooperation. Finally, we
observed that as the number of firms in the mark@tases, the R&D output decreases due
to the fact that the spillover is greater for largamber of firms in the market and the need

for R&D output is inferior.

However, has referred above, all firms entered he thetwork independently of the

environment they face in the market, which doesagsee with empirical evidence. So, in
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order to get more realistic results, a new approaes attempted by introducing cost
asymmetry. By doing this we could find that a nateydor some level of spillover, would
arise but without all companies entering it. Onyne would be able to join together and
benefit from R&D cooperation. They benefited fromgher profits and from R&D of other
companies which reduced their production costs Hmy also produced more output.
Nevertheless, networks also depended on how comegpananage the RJV. The formation
and maintenance of a network depended on what tlverentrance and exit decisions defined
by firms. As seen before, there were types of dmussthat leaded to easier network
formation and others did not. Depending on whatew#tte minimum requirements for
companies to belong to the network the easiestave mifficult, networks were arranged.

By comparing the two approaches — symmetsiasymmetric production costs - we reached
the conclusion that the second one was more ctoseadlity. In both cases the number of
firms in the network kept stable but on the firsbdal companies entered into the network
regarding any kind of situation while in the secanddel there was entrance only for some
levels of spillover and in only some circumstangesking the simulation more alike to reality

firms’ behaviour.

But, whatever the approach was, the gains to corapdhat joined the network were higher,
as R&D cooperation was a way of improving efficigran companies that joined the RJV.

And its impact on profits was showed vital to the@rformance on the model.

In spite of exhibiting some limitations (e.g. byns@ering only asymmetry in production
costs, and excluding asymmetric spillovers betweers), this research could be improved in
some directions. One possibility is to introduce@yenous spillovers between firms, that is,
the level of spillover among firms could dependtlogir location, the R&D investment made
by each firms, etc... Another possibility is to smier vertical links between asymmetric firms

(suppliers-buyers) with both horizontal and veltsjaillovers.
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Appendices
Appendix 1: Algorithm - Part |
CoopR - Repeated Cooperation Game

Initialization: set up of simulation parameterddequations 1 and 2), beta (equations 3 and
others); Marginal costs C (equation 3), R&D cagstsquation 5); The outputs Q and q and
R&D investment X are set up as vectors with Nordiglributions (equations 3, 4 and 6); The

individual profit [1i and the networks’ profit have been set up respelgtin 2 and zero.
Repetition of the Game (Cycle)

Repeat for all generations {

Repeat for all firms in the market {

2.1. Compute investment in R&D

2.2. Compute individual profit

2.3. Compute network profit

2.4. Compute possible profits by considering thieagice in the network or the exit of a firm

of the network

2.5. Cooperation decision: test conditions (7),(8)to verify if new firms enter in the

network or if there are firms that want to get otuithe network

2.6. Output decision (qi*)
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Appendix 2: Algorithm - Part Il

CooplR - Repeated Cooperation Game

Initialization: set up of simulation parametersdgequations 1 and 2), beta (equations 3 and
others); Marginal costs C (equation 3), R&D cosf{gequation 5); The outputs Q and q and
R&D investment X are set up as vectors with Nordisiributions (equations 3, 4 and 6); The

individual profitti and the networks’ profit have been set up respelgtin 2 and zero.
Repetition of the Game (Cycle)
Repeat for all generations {

2. Repeat for all firms in the market { (for daget of equations that represents

each number of possible members of the network)
2.1. Compute investment in R&D

2.2. Compute individual profit

2.3. Compute network profit

2.4. Output decision (qi*)

2.5. Compute possible profits by considering thieagrte in the network or the exit of a firm

of the network

2.6. Cooperation decision: test conditions (7),d8d (9) to verify if new firms enter in the

network or if there are firms that want to get otithe network
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