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ABSTRACT

Study the impact of benefit distribution on the ilgium of R&D network cooperation, and find thit we

introduce a mechanism of benefit transfer, the @@ that make thd! enterprises’ cooperation to become a
Nash equilibrium will be loosen, which means thet inechanism of benefit transfer makes the codparbecome

a Nash equilibrium in a wider range of circumstasicknow the mechanism of benefit transfer is coweuto
formation of R&D network. Furthermore, study thadiéle region and equilibrium solution of transfeefficient,
and get the equilibrium solution under the condiitaf individual optimum as well as the overall opdim.
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INTRODUCTION

With the development of globalization, informatimaion and networking of world economy, technicaldvation
also has the trend of globalization, informatiotima and networking. R&D network is a cooperationda in the
circumstance. In the paper, R&D network refershe tinion of enterprises, universities and reseanstitutions
while they are in research process. R&D networkise a strategic alliance of globalization, infotimaization and
networking, which is different from common innoatistrategy alliance, because the participantstib Retworks
have great otherness in their resource and abBitgides, they form open network partnership basedmation
network. Be faced with complex innovation enviromtyenore and more enterprises adopt open innovatiodae in
network research and innovation. Li, Kozhikode &uditellier, Gassmann, Zedtwitz [2,10] find that R&&twork
has been the superior character of innovation enmient.

The R&D network can enhance the innovation spetjfiEor example, it can lower the R&D risk of emiases, be
quick response to the needs of customers abro$u,enéerprises get excess benefit and economissaié [3].
Besides, enterprises can get further ability forfggenance through innovation in R&D networks [4pehcer [5]
finds that the innovation performance of enterishared technical knowledge with internationaloiration
systems is higher than with internal innovationteyss. Li, Kozhikode, Boutellier, Gassmann and Zédt\yi-2]

think that many transnational enterprises prefefotate their R&D center in the emerging countriesluding

China.

The research of R&D networks attracts many interoalinternational scholars. With the development of
integration, modularization, networks, the actestiof innovation become more and more complex. Relth [6]
think that people’s understanding of technical at@n mechanism begins from simple linear modelsamplex
interaction models. lansiti [7] generally defineschnique integration as the investigation, evahmatand
improvement based on the matching of innovatioohne&ues’ choices and of techniques application
background. The essence is to integrate the vélaie of industry technique innovation.
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In network models, Almirall and Casadesus-Masaf&jlladvance four open innovation network modelsjcivh
establishes good theory basis of R&D networks'Hertresearch. About the motives of R&D network’snfp
scholars have studied from some aspects such asirces sharing and benefits distribution. McDonough,
Athanassion, and Barczak [9] think that internagiametworks will provide more source of innovation.

The researches on the types and measures of R&oretare mainly on the basis of analysis of orgatiim

theory, social network theory and transaction cdkepry. To analyze in organization theory, thewoek

organizations are open type, enclosed type, clgze and loose type [10]. Enkel [11] explores theroR&D and
innovation. From the perspective of social netwihiory, the researches focus mainly on the streaod relations
characters of R&D network. The characters of R&Dwugk include centrad, pluralism, structural hodesl direct
& indirect relation [12]. And the relation charactenainly include relation intensity, close degaeel relation trust
[13-14].

The R&D network can not always attain the finalirium. T. K. and Teng B.S. [15] summarize thstability of
strategy alliance from the point of view of tradests, resource dependency and consignation-agehteprs. In
which conditions the R&D networks can attain theaficooperation equilibrium is what the academimownity is
always exploring.

In the paper, we introduce a mechanism of beneditsfer and discuss its impact on the equilibriunR&D
Network Cooperation. Mechanism of benefit transéea zero-sum benefit transfer. Its essence isfearng the
profit of some participants to others while the sahprofit remains the same. By introducing the hsdsm of
benefit transfer, participants who have great adugmility will get some further compensation. Tigl strengthen
their cooperation ability and fix the cooperati@fationship.

2. R&D network game modelsin simple distribution mode

The simplest mode of R&D Network participants’ bfinelistribution based on input scale. First, thaper
discusses the game equilibrium in the simple diston mode. Then we introduce the mechanism okefiten
transfer and discuss its impact on the equilibraffR&D Network Cooperation.

Considering a research group which consists ofefienterprises, we regard them and their relatipret networks
[16]. And these enterprises are the nodes of theank. The set of all nodes is denoted by, N ={1, 2,...,n},

N is the number of enterprises. The technical &mslibf each enterprise are not totally same. Ag Have some
complements, there exit potential cooperation opmities to form R&D network for technique develogmb
together. Every enterprise faces two game strategiesearch alone or research together by joR&B network.

If each enterprise chooses R&D alone, the ith eriee’s R&D input is denoted by, , and R&D benefit is denoted
by P, so net benefit isR = P—| . And if thesen enterprises constitute a R&D Network in which they

mutually cooperate, share their resource and irR&8 together for knowledge complementarity, thmtter the

n
condition of input and output. We denote the R&pLit of thesen enterprises’ network ad = Z I, , the whole
i=1
R&D benefit asP , so the whole net R&D benefit RB=P —1| . Denote the ith enterprise’s input scale as

A =1;/1, and the net benefit of the ith enterprise in semfistribution mode by, R=A,P —1,, and meet the

condition Z/li =1, A =20.

i=1
Assume net benefit is the only factor which entiegs consider during R&D decision. In order todath enterprise

join the R&D networks for R&D activities togethethe requirement of the cooperation dfenterprises is as
follows:

AR=R, 0i=12,...n 8

Under the inequalities condition (1), each entegpriloing R&D activities in the R&D network will gdiigher
benefit than alone. So they are unwilling to esaleeR&D network. As defined by the Nash equililbniu joining
R&D networks is a Nash equilibrium of enterprisarge. We call the inequalities condition (1) “micanditions”,
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because it is decision-making basis of a singlerenise. And the following is an unnecessary anffickent
condition different from the inequalities condition

R=> R @)
i=1

It is easy to prove formula (2): adding each indigguan formula (1), and we can get formula (2)cadding to

n
Z"i =1. The formula (2) has obvious economic implicatio@s the whole, only when the sum of the whole net
i=1
benefit in R&D network are higher than the sum lbfeaterprises separately do R&D activities, the R&etwork
will forms. We call the inequalities condition (2jnacro conditions”, because it is the total demismaking basis
on forming R&D network.

Further more, under simple benefit distribution modthe “micro condition” (1) is stronger than tfraacro
condition” (2) of the Nash equilibrium of n entegms’ cooperation. That is, when the “micro comuditi is
established, the “macro condition” must be esthblis But when the “macro condition” is establishé@, “micro
condition” may not.

Then we will demonstrate that the condition of Hesh equilibrium ofn enterprises’ cooperation will be loosened
to inequalities condition (2) when we introduce thechanism of benefit transfer. That means the am@sm of
benefit transfer can promote R&D network to at@iNash equilibrium in wide range condition, so thechanism
benefits the formation of R&D network.

3. R&D network game model while introducing the mechanism of benefit transfer
Under the basic hypothesis 6f enterprises, denote a mechanism of benefit transiag cooperation distribution

n

by 8(4,,0,,...,0,) , the profit of each enterprise’s benefit transéed, R, and meetsZO_i =0. So the R&D
i=1

benefit which is distributed to the ith enterprisehe R&D network isA R+ R. A =1,/] means the original

n
distribution scale of benefit, which is equal tpuim scale, andZ:/li =1, A4 =20.
i=1

Assume net benefit is the only factor enterprisasater during R&D decision. If we expect each gmtee is
willing to join the R&D network when there existseohanism of benefit transfer, the micro conditidnno
enterprises cooperate is as follows:

AR+JR=R, 0i=12,...n @3)

If inequalities condition (3) are met, each entsgijoining in the R&D network can get more ben#ihn doing
R&D activities separately, so they have no intentio leave the R&D network. That means joining e R&D
network is the Nash equilibrium.

In the following, we consider the relationship beém “micro conditions” (3) when existing mechanisfibenefit
transfer and “macro conditions” (2) of the develemt of R&D network. In the paper, we raise thdofeing
propositions:

Proposition 1(micro conditions=>> macro conditions):for any mechanism of benefingfer d(J,,9,,...,0,) ,

if AR+dR=R, Ui =12,...,nare established, we can get the reBLt ZR . In the formula,Z/li =1,

i=1 i=1

42Qi4=0

i=1
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Proof:
SinceAR+JR2 R, Ui =12,...,n , add the inequalities above, we can get thewatlg inequalities:

O A+DR=YR

n n
Because of the conditiOIE A =1and 25, =0, we obtain:

R>Y'R

i=1

Prove up.

Proposition 1 explains that “macro conditions” i2}he necessary condition of “micro conditionsy). (8 means that
the R&D network can form only when the whole netdfé of the R&D network are larger than the sumabfthe
benefit of n enterprises’ doing R&D activities adors the Proposition 1 is proved, its contrapesiproposition is
also true. That is when the “macro conditions”i&)t met, the “micro conditions” (3) isn’t met tleér. Or we can
say that when the “macro conditions” (2) is notabBshed, there will be no mechanism of benefindfar

9(4,,0,,...,0,) which make joining in R&D network become game’ssNaquilibrium.

The following Proposition 2 shows the “macro coiudis” (2) is also the necessary condition of “miconditions”
(3), which means if the whole net benefit is higtiem the sum of all enterprises separately do R&fvities, there

exists a mechanism of benefit transig(d,,d,,...,0,) to establish the inequalities required by the ‘tmic
conditions” (3) .

n
Proposition 2(macro conditions> micro condition): ifRZZR is established, there exists at least one
i=1

mechanism of benefit transfed(J,,0,,...,0,) , meet AR+OR=2R , Ui =12,...,n .In the formula,

$ 421420 $40
i=1 i=1

Proof:
For inequalities:

AR+JOR2=2R,i=12,...n (4)
s.t.Z:Ai =1, A 20:2:5I =0
i=1 i=1
WhenR 2 z R , there always exists a solution vea®(d;, J,,...,J,) :

i=1

5i=5—)l.+cq(1—i) i=12,...,n 5)
=~ R

n
This is the solution of inequalities(4). In therfurla &) is weight index, meeEcq =1.
i=1

Substitute the formula (5) into formula (4), itgasy to prove that both the inequalities and caimétconditions are
established.

379



Guangsheng Liu J. Chem. Pharm. Res., 2014, 6(10):376-383

Therefore, there exists at least one mechanism @hefit transfer 0(J,,0,,...,0,) meeting

AR+JOR=2R Ui =12,...,n.

Prove up.

n
Proposition 1 and Proposition 2 mean that , maoralitions R > Z R is the necessary and sufficient condition
i=1
of micro conditionsi R+ & R= R when introducing mechanism of benefit transfemicl is also the necessary
and sufficient condition of R&D cooperation’s Nastuilibrium.

Eigenvalue method is used to prove propositionh&r& exits a special solution:
n
R 2R :
O =E_/]i +cq(1—%), i=12...n, Y =1

i=1
n
When R > z R, the solution always meets the inequalities wisctequired by the micro conditions of the form
i=1
n
of R&D network. The solution isn’t chosen arbittariwhenR > Z R, the special solution is the gravity center

i=1
of solutions (the weight mean of each corner sohtilt is the game’s equilibrium solution.

4. Discussion of R& D network cooperation equilibrium
To discuss the stability of R&D network cooperatiam® analyse the micro conditions of cooperation.

AR+JR2=R, 0i=12,...,n (6)
st Y A=1,420:>3=0
i=1 i=1

The solutions of inequalities (6) form a feasibégion, and all the solutions in the feasible regian meet the
requirement of the form of R&D network. We propdise following proposition about the feasible region

Proposition 3 (feasible region is convex set): mqmpb'l and &% are any two mechanisms of benefit transfer
meeting (6), and the linear combination = ad* + ,852 is also a mechanism of benefit transfer meeting (6
the formulaa 20, 520, a+ [ =1.

Proof: Assume that" and 0° are any two mechanisms of benefit transfer me@n@ and J° are the ith

component, so the linear combination’s ith commong = ad," + B5,°. Becaused™ and &% are mechanisms
of benefit transfer meeting (6), so we obtain:

AR+JR=R ©)
AR+0°R=R ©)
(7)xa +@)x[,asa + [ =1, Get
AR+JR=R
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n n
Besides, asZ: J' =0, 25,2 =0,s00 =ad +B5°, i =12,...,n. Add thesen equations together and
i1 i1
n
we can getZOT =0.
—

Proof up.
Any participant j will maximize his excess benefit in the R&D networ

max: A R+3R-R, jOfii =12.....n}

To solve the optimization problem, we can thinkathis dual problem, which is all the other paigints will get
the minimum excess benefit:

min: AR+JR-R,, OsOfif =12,....n} ands # |

BecauseA,R+,R=R,, so AR+J,R-R 20, that ismin(A,R+J,R-R)=0. When get the min

value, O, I%—/‘S DSD{i|i 212,...,n} andS# j.

n

>R

n .

For participantj , because of the constraint conditioEd, =0,we obtaind; =l—i=1? +E’—/]j. So we
i=1

can get the whole excess benefit of the R&D netwdkkd we have the following optimal distributiotap:

Theorem 1 (individual’s optimal distribution plaror participantj , to maximize his excess benefit in the R&D
network, the optimal distribution plan:

2R R R - |
5]-=l—1T+EJ—/]j,O-S—E—/}S,DSD{I|I—],2,...,n}andS¢j ©)

Obviously, this is a vertex of the solutions (6ddced by analogy, all the individual’'s optimaltdizution plans
are get in the vertex of the feasible region.

It is expected that if participant j has enough pgwvhich can impact the benefit distribution of B&etwork, the
participant | is able to force the R&D network to totally implent his optimal distribution plan. Then the optimal

problem of the whole R&D network is the one of pEpant | . If the benefit distribution plan is deferent frahe
optimal plan, the participanj will insure the benefit distribution according(®@) through negotiate or other means.

In other words, cooperation of other benefit coafien under this condition is unstable. In the gaoshdR&D
network cooperation, the final distribution plariiwénd to the optimal distribution plan determiriad(9).

Of course, this is an extreme case. Normally, eyenyicipant has his own power, so the optimal fmabof the
whole R&D network is a multi objective programmipgblem which had1 participants:

max: AR+8,R-R,, 0j Ofi =12,...,n}

During the cooperation of R&D network, each papigit can realize his own expected optimal distidsuplan to
certain extent. Because the participants are unsymmetrical, we define a pofaetor &y of R&D network.

n
Namely, the weight of the optimal distribution plamich each participant expectsip, which meetsZCq =1.
i=1
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By using method of weighting to solve multi objeetiprogramming problems, we know the final stalidrithution
plan is the linear combination of each vertex. Tambination coefficient is vector of Weightir(gl(a)l, 0)2,...,a)n) ,

and the solution which feasible region is congek got from proposition 3 ensures that the lirmanbination
must meet the condition (6). So we have the follgproposition:

Proposition 2 (the whole optimal distribution pla@pnsidering the need of all participants in R&&twork, each
participant will maximize their own excess bendiithe R&D network. So the optimal distribution plaf multi
objective programming problem of R&D network:

n

- SR
0 =E—)Ii +w (- |:1R ),i=12,...n (10)

If the benefit distribution plan is different frothe optimal plan above, each participant will irstihe benefit
distribution according to (10) through negotiate ather means. In other words, cooperation of ottemefit
cooperation under this condition is unstable. & game of R&D network cooperation, the final dimition plan
will tend to the optimal distribution plan deterrathby (10).

Given some special value of weighting vectors, ae easily get some special conditions of (10):

Whenw =1, =0(Us# ] ), the solution degenerate condition(9).

When w, =1/n(0j =12,...,n), the negotiation abilities of every participame aymmetrical, the symmetrical
game cooperation equilibrium is got in the geomeamter of solutions:

n

2R

R, 1 = .
Oi=— -1 +=(@1-2) j=12..n

A relatively reasonable distribution of negotiatiahbility is that the participant’s input of R&D @orresponding to
its weight of power. That inS)j = /1j , the cooperation equilibrium of game is:

n

R X R
—_ ] J= H—
0 | == —/]j—R . j=12,...,n

DISCUSSION AND CONCLUSION
The paper discusses n enterprises’ R&D networkmnsstry game model. Through mechanisms of benefitster,
the R&D network can have Nash equilibrium in braagtnditions. So the mechanism is favour of thenfof R&D
network. During the R&D network cooperation, we ¢ga the following conclusions:

The R&D network cooperation can realize only whiee R&D network can increase the whole benefit.

If an enterprise has great R&D power alone, thenRBD network must compensate for it through medras of
benefit transfer in order to attain the coopera#quilibrium of R&D network better.

The compensation of R&D network is also influendgdeach participant’s negotiation ability. If paitiants have
some resource or power, they will have the compers&om the mechanisms of benefit transfer.
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