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Abstract. Co-opetitive R&D alliances formed by rivals havecbme one focus in the
field of alliance and technology innovation. Howevihe modeling of co-opetition in
which partners carry out R&D collaboratively islistack of exploration. In this paper,
we construct a decision function involves a keytdamamed knowledge integration
degree, which plays a decisive role on success-opetition relationship. We find that,
when firms are intended to make collaboration wdilect rivals to carry out R&D
activities, they should distinguish the co-opetitiatensity with his partner, and choose
proper degree of knowledge integration. If and dhijne knowledge integration degree
could be controlled within a proper interval, the-apetition relationship could make
benefits for partners and contribute to the sucoétschnology innovation.
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1. Introduction

Collaborative technology innovation has become vmgular in these years. The first
studies of such cooperation focus on the non-oppisin context with the main method
of cooperative game. However, in these years, gijgatits in cooperative innovation
have been becoming more and more diversified. @merging and important formation
is called co-opetition relationship formed by direwals. In this form of cooperative
innovation, relations and interaction between pagnmust be different from the
traditional modes. According to existing studiescoropetition, the logic of co-opetition
is different from traditional pure competition s&gy or pure cooperation strategy. The
nature of co-opetition is that there are both cditipe and cooperation simultaneously
[1-2]. The goals of partners are only partially g#zne [3-4]. Since co-opetition is not a
simple sum-up of competition logic and cooperatiogic, but a combination of those
two separated and paradox logics. As a resuligohernance of such kind of relationship
is more complex than traditional competition or pe@tion paradigm. Since the interests
chased by partners in co-opetition are only pdytitie same, thus factors determine
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partners’ decisions will be very distinct from titewhal competition logic or cooperation
logic.

Up to now, little progress has been achieved origfige of modeling the decision
function of co-opetition. In this paper, we will keathe first try to construct a decision
function which involves the specific decision fastdor co-opetition partners, and thus
could be used to express the specific logic of petion, especially when studying the
guestions of technology innovation. This papenganized as follows. Section 2 reviews
related literatures. Section 3 constructs the motlebllaborative technology innovation
through co-opetition. Section 4 introduces the ltssand discussions. Section 5 contains
conclusions.

2. Literaturereview

Among the existing papers focusing on collaboratieehnology innovation, research
modes can be divided into two types. The first tgpeld be called complete cooperation
mode. Researchers see R&D collaboration as a mopecation activity without any
competition risks between partners. Hinloopen coemahe effect on private R&D
investments and cooperation R&D strategies. Thelteeseveal that in general the latter
policy is more effective than the former in promgtiR&D activity [5-6]. Sakakibara
proposes capability heterogeneity of R&D consogiticipants as a condition to
distinguish two competing motives for cooperativ&R cost-sharing vs. skill-sharing.
Based on empirical data, he finds that the reldtiveortance of the cost-sharing motive
in R&D consortia increases when participants’ cdjiss are homogeneous or projects
are large, while the relative importance of thdlskiaring motive in R&D consortia
increases with heterogeneous capabilities. Thégidlring motive is likely to increase a
firm’s R&D spending, implying an additional consid@on for management's evaluation
of cooperative R&D participation, as well as addangew public policy implication of
cooperative R&D [7]. Miyagiwa and Ohno extend therature on cooperative R&D in
an oligopoly with spillovers [8]. Miotti and Sachldadevelop an integrated framework to
examine the determinants of the choice of partwétswhich firms co-operate on R&D
from the resource-based perspective [9]. Erkal Biwtinin analyze the effects of
cooperative R&D arrangements in a model with stettbeR&D and output spillovers
allowing for free entry in both the R&D race anadguct market. They show that sharing
of research outcomes is a necessary conditionhiiptofitability of cooperative R&D
arrangements with free entry [10]. There are oflteratures explore issues of R&D
activities from some other perspectives, such asviedge management [11-13].

The second type is competition and cooperation madivities of R&D partners are
distinguished into two stages — cooperation andpsdition. Suzumura examines the
positive and normative effects of cooperative R&Dwhereby member firms commit
themselves to the joint profit-maximizing level R&D in a “precompetitive stage” but
remain fierce competitors in the product market.géeted out that in the presence of
sufficient large R&D spillovers, neither noncoog@era nor cooperative equilibria
achieve. In the absence of spillover effects, h@mewhile the cooperative R&D level
remains socially insufficient, the noncooperatiegel may become superior [14]. This
paper is not the only one to look at the interacbetween R&D cooperation and product
market competition. Other references include Mgi®r16], van Wegberg [17], Cabral
[18], Wilfred and Rapoport [19], et al. Martin, jrarticular, argues that cooperative R&D
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may reduce welfare, since ‘joint R&D makes it mdikely that firms will be able to
sustain tacit collusion on output markets’ [15].effiaus analyzes cost-reducing R&D
investments by firms that behave non-cooperativelyooperatively. Firms face a trade-
off between allocating their R&D investments toomate or to imitate (absorb). He finds
that the non-cooperative behavior not only induoese imitation (absorption) but also,
for the most part, more innovation investments.yQhé cooperative behavior, however,
ensures that R&D investments are allocated effilieto innovation and to imitation
(absorption) in the sense that any given amounindfistry-wide cost reduction is
obtained for the minimum overall R&D costs [20].eR@s, Janssens, and Looy explore
how managers address the fundamental tension hetiveaeed for co-operation and the
risk of competition, using an in-depth case stufifive R&D alliances in the advanced
materials industry. They find that partners tenduse particular combinations of such
relational and structural strategies at differaagss of the alliance life-cycle to address
the co-operation—competition dilemma [21]. Unfodtely, although it sounds like an
exploration of co-opetition logic, the true reséammethod is still the traditional
competition logic and cooperation logic. The twgits are still separated and no new
logic more suitable for co-opetition has been psmub

3. Themodel

3.1. Backgroundsfor models

Firm 1 and firm 2 are two competitive duopoliesdtecin an area. They both intend to
carry out technology innovation activities in ordercatch customers’ preference. There
are two R&D strategies for these two firms. Thestfirstrategy is doing R&D
independently. And the second strategy is doing R&Iaboratively.

Since R&D activities are of significant uncertagsti we setp(X;)to represent the
probability of R&D success of firimwhen it invests R&D expense ¥ . We make
that X, = x + K°(i=1,2). Where, X is the R&D investment, an’is the initial
knowledge capital about this R&D project. According Damiano and Weiss
[22], p(X)(i=1,2) satisfies the properties ¢i'(X )20, p"(X)<0, p'(0)=,
andp'(e«) =0.

We apply the Salop’s circle model to representrttaeket demand and customer’s
decision mode. In this model, customers distributedormly will only buy the new

product if customer’s surplus buying the new pradwerweighs the surplus buying the
external goods.

3.2. The non-cooper ation model

Under the non-cooperation situation, the two fitmplement R&D activity of a product
at the same time. We set an assumption that uhderandition that these two firms do
not cooperate with each other, when one firm adse®&D success, his new product
will compete with external goods in the marketthé two firms reach R&D success at
the same time and their new products are not honoage then market competition will
happen between the two new products and the ekxgoods. Customers only choose the
product which could bring them the largest surpkalowing the above hypothesis, the
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expected profit function of firm 1 under the corait of non-cooperation could be
written as followd?2. The profit function of firm 2 could be written the similar way.

= p(X)L- PO E+I- 1 X)] 6 X) £+ 69 09 F-) @)
Where,r' (i =1,2;j = 1,2,3represents the profit obtained by firomder the condition

of j . It could be seen that this function is composgdtliree parts. The first part
represents the monopoly profit of firm 1 when ofityn 1 achieves R&D success. The
second part denotes the profit of firm 1 when dahlg firm 2 achieves R&D success.

Since firm 1 does not enter market under this d@mi thusr” =0. The third part

represents the oligopoly profit of firm 1 when bdhie two firms get R&D successes.
We make an assumption that there is only one eaftgmods in the market. Under

this condition, we can obtain the equilibriumrdffollowing Salop’s circle model [23].

L L
r'“=—( -c =—(v,-c)?
1 2/]( )2 r 2/1(2 )
3D LA 1 SD L/‘ 1
=—[=+=(v,. -V +=(v, -V
n /1[2 3( ) R A )|[2 3( )1

where, L represents the amount of customers uniformly dhisteid on a circle with the
circumference is equal to U is the coefficient of decreasing in customer’s itytil

generated from the deviation of new product contbarith the best brand. (i =1, 2)is

customer’s reserve price for the two new produets the margin production cost of
firms.

Solve the partial derivative of expected profit Brn function (1) and notify it
with F .

F :‘;—Ql= POV PO H+P(X) K X) £-1=0  (2)

Solve the complete differential fandX, .

dx __0F /OF _ p(X) p(X)(F-1)
dx,  ax/ 0x  POOR- (X F+ B(X) 8§ X 7

d
Sincep"(X;) <0, we haved—)S <0 whenr >r°. Since it is true that the monopoly
%

profit is not lower than oligopoly profit in a conum sense, we can obtain the following
proposition.

Proposition 1. When two rivals implement R&D activities indepentgnfirm’s R&D
investment will decrease with the increasing offsyR&D investment.

Substituterllminto function (2) and solve the complete differahtfx anadv.

dx _ oF,PO0R- p(xz)]+f p(>§)m>9
dv 6v 0>s_ p"(>g)[1 p(>g)]f+ p(&)w?

From this result we can obtain the following pragios 2.
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Proposition 2. The increasing of customer’s reserve price istjwety related with the
R&D investment.

In other words, if firm expects to enhance custosnlmyalty, it has to make more
R&D investments to improve its product, making freduct different from external
goods and creating more surpluses to customers.

However, along with the ongoing increase of demamil competition turbulence and
technology innovation uncertainties, less and fasss can bear the risks, costs and
pressures in R&D and market innovations on thein.o®hus, an increasing number of
firms have involved themselves into many kinds mfiavation alliance or networks.
Among those cooperation networks, co-opetitionattehship which is an alliance
formed by direct rivals is an interesting formatiaith many dispersals. Is the co-
opetition relationship beneficial for the improvemef performance of R&D investment
and final profits? How does the special partnershipspecific logic of co-opetition
influence partners’ optimal decisions? We will doust a model to detect these
questions.

3.3. The co-opetition model

In order to express the specific characteristicabptition relationship, we set a special
variable named co-opetition factor. This factoraliges the similarity of resources or
assets invested to co-opetition relationship bytngas, which can demonstrate the
competition intensity as well as the cooperatioherence of partners (** explore a
function to estimate the intensity of co-opetitij@4]). We distinguish this co-opetition

factor into two formations according to the stagbappens, named them as R&D co-

opetition facto® (J = 0) and marketing co-opetition factdr(d_ =0). We hypothesis

the two factors are independent so as to ensutewbacan get clear results in this
explorative research.

It is not hard to understand the sense that thkeehithe similarity the stronger the
competitive strength, as well as the stronger tieperative strength. The fundamental
reason for the first part relation lies in the elsyning and absorbing of partner’s similar
knowledge with common business and goals betweelryi partners. The learned
knowledge will be used as weapons in other fiefdsusiness competition between these
rivalry partners. Thus, too much knowledge transfich usually happens under the
condition of similar resource/knowledge contribngan co-opetition means more threats
in later periods. Therefore, the higher the sintifaof resource/knowledge the stronger
the competitive strength in co-opetition. The maiason for the latter part relation lies in
that high similarity in resource characteristicawas lead to high degree of knowledge
integration. It is beneficial for efficient utilisan of resource and mutual learning, and
thus can contribute to the success of R&D activityhus, the co-opetition factor
expresses the paradoxical partnership and logicotopetition relationship. And it is
expected that partners’ optimal decisions in caitipe are significantly determined by
this factor.

Represent the degree of knowledge integratio&i(By; d_,77). It is a function of co-
opetition factors and other random fact@rsUnder these conditions, the knowledge
stock of co-opetition alliance could be writterkgs= £(3J,, J,,7)(K; + K2) .We set the
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. 0£(9,,9,,77) _ . .
assumption thatTZO(k— r,m). It means that the higher the co-opetition

factors the easier the learning and absorbingnofas knowledge and thus the higher the
degree of knowledge integration, when keeping dietors unchanged.
Then, the probability of successful R&D in co-ofieti could be written as follows.

p(xlz) = p(>‘12+5(5r75m1'7)( Kg + Kg)‘d)
where, X, is the joint R&D investment contributed by all paats in co-opetition.

Since rivals are often forbid to make cooperatiooth R&D stage and marketing
stage, which is seen as a behavior commits thetrasti law. Thus, if rivals carry out
cooperation, it usually happens at R&D stage wldchommonly encouraged. For the
condition of making cooperation in both R&D and keting activities, it may happen in
partners’ home market if the alliance’s market poisevery limited or if partners try to
enter into a new market. In this paper, we make gesumption that rivals make
cooperation in R&D and new market entrance.

The joint profit of co-opetition could be writtes follows.

I-|12: p(le)[ rf+rg+Rl£P’5m)]_ )iZ_a- (3)
Letd represent the cost of new market entraRge(P,J,,) is the profit earned in the

new market. It is a function of equilibrium produgtice and co-opetition factor in
marketing stage. The equilibrium price is determirgy the competition of alliance
product and other external goods in the new markée degree of co-opetition

factord, is decided by the intensity of competition and aragion during marketing
activities between co-opetive partners. Here, w&artae specific function of the form
asR,,(P,J,)=R,-J,. Where, R, is the monopolist profit. According to Salop’s

circle model, the result &, could be figured out &R, :5(\4 - Q%. Where,V, is the

reserve price in the new market.
Then, we are going to explore the impacts of cditbpe factor on the performance
of co-opetition relationship. We will consider tbe-opetition factors both in R&D phase,

represented by , and marketing phase, represented hy
Solve the partial derivative ofy,in function (3), and represent the outcoméshy

6= = p(x,) (P + 2+ Ry -6,)-1=0
0%,
Solve the complete differential &f,ande in functionG .
e - 96 [9G __104k0)<0
oc 0/ 0x,

Solve the partial derivative of expected joint groh € .
d .

e = p(x ) AR+ kY20

From this we can obtain the following propositian 3
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Proposition 3. During the process of R&D in co-opetition relatibigs the improvement
of partners’ knowledge integration degree, whiclregponds to the increasing of co-
opetition factoP,, can cause two outcomes: the reducing of perfocman total R&D
investment, but the improvement of performancellarece’s joint profits.

Under proposition 3, it is reasonable to think wujuastion: Is there a critical value or
scope for knowledge integration capability? We Wil to solve this question in the
following part.

Solve the complete dif‘ferential of,andd, in functionG .

%:_676 676 (K0+K)
do  4J,/ ox, dd

d
It is easy to be observed from this outcome H%QZOWHI be always true if

r

condition of

£ 1
dd (K +KD) is satisfied. This means if partner's knowledgegnation

1
capability is lower tham then the performance of total R&D investmenton ¢

opetition relationship will be increased, even lie tcompetition factor or resource
similarity keeps increasing.
Solve the partial derivative dﬂ120n5

0
6”612 = (XK + KZ)——1]( +12+R3-0,)
F thi t t de < 1 ill b | t if th
rom IS oultcome we can see =~ WI e aways rue | e
TS = (K0 +KD)

0
condition of%<0is satisfied. This means that if partner's knowkedgtegration

1
capability is lower tham, then the performance of alliance’s joint profits|

be decreased with the degree of co-opetition factorresource similarity keeps
increasing.
During the market phase, we will also explore timpacts of competition factor on

alliance performance. In the market phase, thepetittion factor is represented dy.
Since we have made the hypothesis that the cotpefactors in R&D phase and
marketing phase are independently, it is not necgde analysis the impact dfonx,.

Thus, just solve the partial derivativemzond )

0y, _
= (X
a3, p( 12) do.

This outcome reveals that, in the phase of markgtites, the co-opetition factor
also play a double role on the profit performanteasopetition relationship. Only when

(KO+K2)(I’+I’ +R 5m)_rxxiz)
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de S P(X},)
dd,  P(X (K + K)(K+ 17+ Ry =0,)
increasing of co-opetition factor or partners’ darty of invested resources/assets could
play a positive role on the improvement of allidagarofit performance. Furthermore,
compared with the result of co-opetition factorR&D phase, it is easy to find that the
impact logics of co-opetition factors on alliancperformance are the same, although the
critical vale of knowledge integration capabilityriot the same.

From the above two outcomes the following propositiould be obtained.

the condition of is satisfied, the

Proposition 4. Under the condition that partners’ knowledge iré¢ign capability is

1
sustained lower than the degre , then the increasing of co-opetition factor
TR+ KD) v oEeR
in co-opetition can cause two outcomes: the impram of performance of total R&D
investment, but the reducing of performance ofale’s joint profits.

4. Conclusions and discussions
In this paper, four propositions are revealed. We g@xplanations for these results as
follows.

The first two propositions demonstrate some charestics when rivalry firms doing
R&D separately. Proposition 1 shows us that firR&D investment will decrease with
the increasing of rival's R&D investment if two &l implement R&D activities
independently. This phenomenon could be found @lityeand some people call this
strategy as signal game. Many firms release a stgat he will make a large scale of
R&D investment to threaten the potential entramid existing rivals. The purpose is to
discourage rivals’ R&D behaviors and eliminate cetitppn. Proposition 2 shows that
firms have to increase their R&D investment if thieend to enhance customer’s reserve
price for their new products. Large scale of R&pexse is needed in order to create
perfect functions and attract consumers. This tesutommon but the real problem
emerges. Few firm could undertake the high R&D castl high innovation risk
independently in present dynamic environment. @ollation is an ideal choice, but what
will happen if partners are direct rivals?

The last two propositions give some answers fontbde of collaborative innovation
through co-opetition, and how partners in co-ofmetitcan achieve win-win outcome.
Proposition 3 tells us that during the process &DRn co-opetition relationship, the
improvement of partners’ knowledge integration @egmwhich is also the increasing of

co-opetition factod, , can cause two conflicting outcomes. It can redhegperformance

of joint R&D investment, but improve the performanef alliance’s joint profits. The
reason for the above result is as follows. The tegaoutcome of decreasing R&D
investment is caused by the knowledge transfer detwivalry partners. The easier for
knowledge to transfer, the more risks and threatmprs will perceive in the future when
co-opetive partners end their cooperation and becowals in the market. The fear of
opportunistic risks leads to the shrink of partad®&D investment in alliance. Although
the R&D investment may be limited, the alliancenjoprofit could still be increased
through other synergistic effects. For example patidon cost could be saved under the
share of certain resources and assets, and tremsaosts for coordination, negotiation,
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supervision and matters like these could be cutndefven cooperation between partners
become compatible. Such cost saving is benefiorahie improvement of final profit.

Proposition 4 reveals the critical vale of knowlediontegration degree (which
_ 1
P (KI+KD)
critical value, the impacting mechanisms of co-izet factors on alliance performance
including R&D investment and final joint profit areonsistent with the results in
proposition 4. However, if the degree of knowledgtegration is controlled lower than
this critical value, then the influence of co-opieti factors on alliance performance will
be inversed. The two conflicting outcomes will lzefallows. Increasing of co-opetition
factor will cause improvement of R&D investment foemance, but at the same time
lead to reduction of alliance’s joint profit penfioance.

To sum up, we focus on an emerging form of collabon innovation in this paper,
in which R&D partners are direct market rivals. rpartners are competitors, and this
is very different from traditional cooperation madehich are usually formed by vertical
complementary partners, thus the decision modeoinpetition is distinct. We make
efforts to explore a method to express the decikigit in co-opetition by introducing a
parameter called co-opetition factor and considednkey determining factor named
knowledge integration degree which play vital roleR&D activities. According to the
results, we find that, when firm decides to makkaboration with direct rivals to carry
out technology innovation activities, it shouldsfidistinguish the co-opetition intensity
with his partner, and then choose proper degrém@iviedge sharing and integration. If
and only if the knowledge integration degree cdagccontrolled within a proper interval,
the co-opetition relationship could make benebtpartners and contribute to the success
of technology innovation.

in our model). When the degree of knowledge intiégmas higher than this
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