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The ownership and financing of innovation in R& D races

Abstract

This paper develops atheory of the organization form and financing of innovation activities where
integration, venture capital financing, and strategic aliances emerge as optimal responses to
competitive pressures of the R& D race, the stage of the research and product development, and the
severity of the financial constraints. We model the relationship between a research unit and its
downstream firm in the context of a R& D race with a competing pair. We show that the choice of
organization and financial structure of the R&D activity plays a strategic role by committing a
research unit and its downstream firm to an accelerated R&D activity. We find that integrated
organization structures are more likely to emerge when the downstream firm is more productive than
the research unit, competition in the R& D raceis more intense or the R& D cycleinvolveslate-stage
research, and when the research unit is financially constrained. Non-integration and independent
venture capital financing are more likely to emerge when the research unit is more productive than
the downstream firm, when competition in the R& D raceislessintense or the R& D cycle involves
early-stage research, and when the research unit is not financially constrained. Finally, corporate
venture capital and strategic alliances are more likely to emerge when competition in the R& D race
is more intense, the R&D cycle involves late-stage research, and when the productivity of the
research unit is high.



1 I ntroduction

What arethedeterminantsof theownership structureand financing of innovation? Shouldinnovation
be performed within a firm, or should it be outsourced to specialized research units external to the firm?
Should basic research be financed by outside private equity (i.e. independent venture capitalists) or through
strategic alliancesand corporateventurecapital ? What istheeffect of competitive pressuresin Research and
Development (R& D) races on the ownership and financing of innovation?

These are some of the fundamental questionsraised by theincreased economic importance of the so
called“knowledge-based economy.”* Firmschooseavariety of organizational andfinancial arrangementsfor
their R& D activities. Forinstance, Nokia, thetelecommunicationsgiant, undertakesbasicresearchmainly in-
house or in one of its research sub-division.? In the computer industry, for its Apple 11, Apple Computer
outsourced 70% of its manufacturing costs and components, including critical components (such as design)
to benefit fromitsvendors’ R& D andtechnical expertise.® Inthepharmaceutical industry, Merck, adrugfirm,
invests 95% of itsresearch spending inin-house R& D and only 5% in external research laboratories (Ambec
and Poitevin, 2000). Anocther big player in the same industry, Novartis, has recently entered into an $800
million*“research alliance” with V ertex Pharmaceutical sto benefit fromthe potential emerging technologies
generated by Vertex.*

Explaining the observed variety of organization and financial structures of R& D activitiesrequires

abetter comprehens on of thebasic mechanismsthat governthe economicsand financeof innovation. Wehave

1z ngales (2000) gives an excellent discussion of the challenges faced by contemporary corporate financein
addressing these issues.

2 Day, Mang, Richter and Roberts,” The innovative organization,” The McKinsey Quarterly n.2, 2001.

3 Quinn and Hilmer, “Make versus buy: Strategic outsourcing,” The McKinsey Quarterly n. 1, 1995.

4 Agarwal, Desai, Holcomb, and Oberoi, “Unlocking the value in Big Pharma,” The McKinsey Quarterly n.
2, 2001.




now agood understanding of thefinancing processof young venturesthrough independent venture capital and
initial public offers, IPOs. Analternativeto independent venture capital and |POsisoffered by formation of
agreements between small research firms performing specialized R& D activities and large manufacturing
companiesthat convert such research into finished products. These agreements, which may taketheform of
corporateventurecapital or “strategic aliances’ offer asubstituteto either independent venture capital or the
direct integration of research units into downstream firms through mergers and acquisitions. While
considerabletheoretical and empirical research hasbeen devoted to understanding independent venture capital
financing and 1POs,” there has been so far limited work on the basic economic and financial implications of
strategic alliances and corporate venture capital. In this paper we propose a unified framework where the
organization and financing of R& D activities emerge as the equilibrium outcome of a R&D race.
Inaseminal paper, Aghionand Tirole (1994) examinesthe optimal organization structure between a
research unit and adownstream firmwithintheincompl ete contracting framework pioneeredin Grossmanand
Hart (1986) and Hart and Moore (1990). This approach, the so-called “GHM” model, is particularly
appropriate in aR& D context because, by their very nature, innovation activities are difficult to define and
therefore uncontractible ex-ante. Thus, when contracts are incomplete, the key feature of the ex-ante
contracting problem is the specification of the ex-post residual control rights, that is the allocation of the
property rightsof theinnovation. Inthespirit of theearlier incompl etecontractingliteratureof GHM, Aghion
and Tirole show that the ownership of innovation should be allocated to the more productive party in the
relationship. That paper also arguesthat the distribution of the bargai ning power and the presence of financial
constraints for one of the contracting parties may lead to an inefficient allocation of property rights.

The Aghion and Tirole (1994) model sheds important insights on the question of the optimal

® Seg, for example, Zingales (1995), Sahlman (1990), Gompers (1995), Gompers and Lerner (1998, 1999),
Helmann (1998, 2000), Repullo and Suarez (1998), Helmann and Puri (2000), Chemmanur and Fulghieri (1999),
Kaplan and Stromberg, (2000), Leshchinskii (2000), Maximovic and Pichler (2001), among others.
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organization structure of innovation. A critical feature of that model isto analyze the optimal allocation of
property rights of an innovation between a research unit and a downstream firm in isolation from the
competitive conditions in the final output market. In reality, however, R&D activities are very rarely
performed in amonopolistic setting. Rather, they aretypically conducted within the context of aR& D race.
Thus, the effect of competitive pressures exerted by R& D races on the ownership structure and financing of
innovation remains an open issue. Important questionsthat emerge are: How doesthe presence of an R&D
raceimpact the allocation of the property rightsof innovation? Isthereastrategic role of research alliances?
What is the strategic role of corporate venture capital ?

In this paper we examine explicitly the effect of competition on the choice of organization structure
and the financing of innovation. By explicitly modeling the choice of organization in the context of aR&D
race, wedevelop aunified theory of integration, venturecapital financing and strategicalliances: inour model
the organi zation structure and the financing of innovation emerge asthe optimal responseto the competitive
pressures of the R& D race and the severity of the financial constraints.

We consider two pairs of research unit-downstream firm engagedinaR& D race. Theresearch unit
performs basic research which may lead to an innovation. The outcome of thisresearch activity is further
devel oped by the downstream firm, “the customer,” into amarketable product. The research unit’ sactivity
iscostly and requirestheoutlay of acertain amount of investment expenditures. At thebeginning of thegame,
eachresearch unit and customer pair must decidetheall ocation of theproperty rightsof theinnovationandthe
financing of theresearch activity. Theresearch unit and the customer may decideto mergeand thusintegrate
the research unit within the customer, in which case the property rights of theinnovation are allocated to the
customer; or they may decideto remain asseparate entities, in which casethe property rightsof theinnovation
are allocated to the research unit. Further, investment expenditures may be financed by the research unit

directly, if it has sufficient amount of funds, by anindependent venture capitalist, or by the downstreamfirm.



Weshow that the choice of the organi zation structure of innovation, and theresulting all ocation of the
property rights, playsanimportant strategic roleinthe R& D race. A customer-research unit pair may usethe
choice of organization structure as atool to secure a strategic advantage in the R& D race: the organization
structurecommitsacustomer-research unit pair to acceleratetheir R& D activity (i.e. toexert moreeffort) with
thegoal of preemptingtherival pair intherace. Although such accelerated R& D activitiesarenot optimal in
amonopolistic setting, they become desirable when customer-research unit pairsareengagedinaR& D race.
We find that the research unit is more likely to be optimally integrated within the customer when its
productivity issufficiently low, theintensity of theR& D raceishigh, or whentheR& D raceinvolveslate-stage
research. Theresearch unitisinstead morelikely to be organized as a separate, independent company when
its productivity ismoderateto high, when theintensity of the R& D raceislower, or theresearchinthe R& D
cycleis early-stage research.

In our model, the choice of organization structure also depends on the severity of the financial
constraintsfor theresearch unit. Whentheresearch unitisfinancially constrained, ex-ante bargai ning between
the customer and the research unit may not result in the choi ce of the organi zation structure which maximizes
their joint profit. Thishappensbecausetheresearch unit may not be ableto compensatethe customer in cases
in which the customer has the initial ownership of the innovation and the optimal organization structure
involves the transfer of the ownership of the innovation to the research unit. The extent of the financial
constraint may be mitigated by the ability of the research unit to raise capital by selling equity to an external,
independent venture capitalist. The disadvantage of such a strategy is that external financing dilutes the
research unit’ sincentivesto exert effort. Wefind that integration now emerges also when the research unit
ismoderately more productive than the customer, and itismorelikely when competitioninthe R&D raceis
moreintense or the R& D cycleinvolveslate-stage research. If instead the research unit is sufficiently more
productivethan the customer, non-integration and venture capital financing aremorelikely toemergewhenthe
competitionintheR& D raceislessintense, or theR& D cycleinvolvesearly-stageresearch. Also, theamount
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of external venture capital financing is lower when the productivity of the research unit is higher, when
competition inthe R& D raceis moreintense, or when the R& D cycleinvolveslate-stage research. Finally,
if theproductivity of theresearch unitissufficiently large and the extent of competitionissufficiently intense,
itisbeneficial for thecustomer to unilaterally all ocatethe property rightsof theinnovationtotheresearch unit
and finance the investment expenditure by entering into a*“ strategic aliance” with the research unit.

Our paper islinked to anew, emerging stream of literature onthe organi zationsstructure of innovation
activities. Robinson (2001) providesamodel inwhich strategicalliancesareused by companies headquarters
as a commitment device to overcome the adverse incentives of internal capital markets described in Stein
(1997). Ambec and Poitevin (2000) extendthebasic Agionand Tirole(1994) model to the caseof asymmetric
information betweentheresearch unit and thedownstreamfirm. Inderst and Mueller (2001) examinetheeffect
of competition among venture capitalists on their bargaining with entrepreneurs and industry equilibrium.
These papers do not consider explicitly competition in R& D races, and its effect on the ownership structure
and the financing of theinnovation. Closer to our model, Bhattacharyaand Chiesa (1995) examinetherole
of intermediaries (such asbanks) asvehiclesfor sharing information between firmsinvolvedinaR&D race.
Morerecently, d’ Aspermont, Bhattacharyaand Gerard-V aret (2000) examinethe problem of bargaining under
asymmetricinformation over thelicencingandtransfer of information betweentwofirmsengagedinanR& D
race. Themain difference of our paper and theirsisthat they assume the ownership structure and financing
of thefirmsinvolved in the R& D race as given, and focusinstead on the interim information sharing and its
effects on ex-ante research incentives.

Our paper isorganized asfollows. Insection 2, weoutlinethebasicmodel. Asabenchmark, insection
3, we consider the complete contracting case. I1n section 4, we examinethe effect of competitionintheR&D
race on the choice of organization structure of two competing customer-research unit pairsin the absence of
financia constraints. In section 5, we extend our basic model to examinethe effects of financial constraints
on the optimal organization and financial structure of competing pairs. Section 6 summarizes our major
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findings and offers some empirical predictions. Section 7 concludes.

2. The basic model

Weconsider two pairsof resear ch units(RU) and their downstream customer s(C) engagedinaR&D
race. Research units undertake basic research which may lead to an innovation. Downstream customers
completethe R& D process by devel oping theinnovation into aproduct suitablefor markets. For simplicity,
weassumethat each costumer isalready paired at thebeginning of thegamewith aresearch unit, and we study
the game played by the two customer-research unit pairs competing in the R&D race.® We denote each
customer-research unit pair withi, j =1, 2.

Wemodel the R& D race and theinnovation process astaking placein two consecutive stages, which
may bethought of asthe stepsnecessary to completeafull R&D cycle. Thefirst stage of thecycle, whichwe
denote as the research stage, is mainly devoted to basic (or fundamental) research and is performed by the
research unit in collaboration with the customer. The output of the research stage consists mainly in soft
information, that isnew knowledgein theform of aninnovation. Evenif theresearch stageissuccessful, the
information produced at thisstage (theinnovation) isquite preliminary and isnot sufficient by itself to obtain
a final product directly exploitable in the product market.” To obtain a final, marketable product, the
information produced at the research stage must be further elaborated in a second stage, which we denote as
the development stage, executed by the customer.®

The entire R&D cycle is inherently risky. The outcome of the research stage may be either an

% A more general model would examine the ex-ante matching of each research unit with a customer.

" In this paper, we assume that the research unit and the customer have aready entered into an exclusive
agreement, and they bargain in the interim over the licencing fee.

8 Note that the product developed by the customer could be either a good for the final consumption or an
intermediate good to be further processed before consumption.
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innovation, success, or may result innoinnovation, failure. Theprobability of successdependsontheresearch
activity, or effort, exerted by both the research unit and the customer. We denotethe effort level provided by
theresearch unitin pairi, i = 1,2, ase and the effort level provided by the customer asE;. We can interpret
research effort astheamount of knowledgethat must be supplied asinput of theresearch processwhich affects
the probability of obtaining an innovation. Such knowledge may be provided by either the customer or the
research unit, or both. Thus, the probability that the research stage successfully achieves aninnovation, ,;,
isgiven by:
€, = Pr{Success} min{ae E, ,1},¢>0,E=>0, i 1,2. (1)

We characterize themarginal efficiency (productivity) of theresearch unit’ seffort relative to the customer’ s
with the parameter **, withO# "' # « . If " > 1, the research unit is more productive than the customer in
the research stage of the innovation process. Alternatively, if ** < 1, the customer ismore productive than the
research unit. The parameter " can be interpreted as measuring the degree of research intensity of a R&D
project. Thus, "* > 1 characterizes highly research intensive R&D projects in which the research unit is
relatively moreefficient. Conversely, ** < 1 characterizeslessresearch intensive R& D projectsin whichthe
customer isrelatively more efficient. Exerting effort iscostly, representing the monetary and non monetary
costs necessary to produce the knowledge required in the research stage. We assume that effort cost are
convex: the cost for the research unit to produce one unit of effortisgiven by %266, with6 $1; similarly, the
cost for the customer to produce one unit of effort is¥2 6E?. This cost convexity assumption captures the
property that there may be benefits for the research unit and the customer from sharing knowledge at the
research stage.

Inadditiontotheindividual effort levels(e, E), theresearch stagerequiresacertain (fixed) investment
expenditureK > 0. Thisinvestment representsthe monetary coststhat must be bornein order to conduct the
research activity in thefirst place. For simplicity, we assume that the level of investment isfixed, and that it
does not affect the probability of success. Further, we assume that it is always optimal to sustain the
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investment expenditure K (that is, the full R& D cycleis apositive NPV project).

If the first research stage of the R&D cycle is successful, the customer must further develop the
innovation beforeit can betransformed into amarketable product. Thedevelopment stageisrisky aswell: it
is successful with probability g and unsuccessful with the complement probability, 1 I g. Weinterpret the
parameter q as characterizing the type of research conducted in the R& D cycle. Early-stage research is
intrinsically riskier, and is characterized by a lower probability of being successfully developed into a
marketable product, and it haslower success probability g. Conversely, late-stageresearchismorelikely to
be successfully developed into a marketable product and has a higher success probability g. Thus, the
parameter q measures how close the research object of the R& D cycleisto afinal product.®

A critical feature of our model isthat contracts areincomplete. We assume that the level of effort
exerted by theresearch unit, e, and by the customer, E, are not contractible ex-ante. Thisassumption captures
thenotionthat inputsof knowledgeintheresearch stageareinherently not contractibl e betweenthetwo parties.
Further, we al so assume that contractsfor the delivery of innovation cannot be designed and enforced. Since
theoutput of theresearch stageissoft information, thetwo contracting partiesarenot ableto enter ex-anteinto
a binding contract for the delivery of such innovation. The only possible ex-ante agreement between the
customer and the research unit is the allocation of the property rights of the innovation. We consider two
possible configurations of the property rights. In the first configuration, the research unit has full property
rights of the innovation. This configuration may be interpreted as one in which the research unit is an
independent entity, external tothe customer. Wedenotethisorgani zation structureasthenon-integrated case,
N. Inthe second configuration of the ownership structure, the innovation is owned by the customer. This

configuration may beinterpreted as one in which theresearch unit isfully integrated within the customer, as

° For example, a pharmaceutical research project devoted to the devel opment of a new drug is substantially
riskier and less likely to be successful when it is in pre-Phase | stage, and is characterized by a low vaue of q;
conversely, the likelihood of obtaining a new marketable drug is higher when the project is during Phase 111 trials,
which are characterized by a higher value of q.



oneof itsoperational unit. Wedenotethisorganization structure astheintegrated case, I. Finally, investment
expenditures K are assumed to be contractible.

The game unfolds asfollows. We model the R& D race as afour-period game (seethetimelinein
Tablel). Inthefirst period (t = 1), denoted asthe or gani zation choi ce stage, each customer-research unit pair
bargain and choose simultaneously the allocation of the property rights over the innovation, that is their
organization form. That is, each pair chooses whether to engage in the R& D race as integrated (1) or non-
integrated (N) pairs. Animportant feature of the model isthat the optimal alocation of the property rightsof
theinnovation between customersand research unitsmay requirethetransfer of the ownership of theinnovation
from one party to the other, in exchange for asuitable monetary payment.’® The possibility of such payment
may beimpaired by thefact that one of the bargaining partieshaslimited accessto financial resources, making
thetransfer of the ownership of theinnovationimpossible. Weinitially assumethat neither the customer nor
the research unit are financially constrained.™* Thisimpliesthat, given any initial allocation of bargaining
power, each customer-research unit pair will achievethrough bilateral bargai ning and compensatory payments
theorganizationformthat maximizestotal profits, theefficient organizationform. Finaly, if thenon-integrated
form is chosen, the research unit sustains the expenditure K. If instead the integrated form is chosen,
expenditure K is borne by the customer.

Giventheallocation of property rightsmadeinthefirst period of the game, in the second period of the
game (t = 2), theresearch stage, each member of acustomer-research unit pair choosesthelevel of effort (e,
E) intheR& D race. Effortlevelsarechosen simultaneously by each pair, after observation of theorganization

structure chosen by therival pair. Effort exerted by each pair determines the probability of successin the

19 Thus, such transfers can bei nterpreted as the proceeds from the sale the ownership (i.e. theresidual rights)
of the innovation.

™ The case in which one of the contracti ng parties, the research unit, is financially constrained is examined
in section 5.



research stage according to Eqg. (1).

The outcome of theinitial research stageisknown at timet = 3. If the research stage is successful,
that isan innovation is obtained, in the third period of the game, the bargaining stage, the research unit and
the customer bargain over the expected surplusthat is generated in the subsequent development stage. The
outcome of the bargai ning processdependsontheall ocation of theproperty rightsof theinnovation chosenin
thefirst stage of thegame. If theresearch unitisintegrated within the customer, the customer hasthe property
rightsof theinnovation. For simplicity, we assumethat in thiscase the customer hasall the bargaining power,
and is able to appropriate the entire surplus.*® If, instead, the research unit is non- integrated, it has the
property rightsof theinnovation. Theresearch unit and the customer thenbargain over thelicencing fee, R, that
the customer must pay to the research unit for the right to further develop and exploit the innovation
commercially. For simplicity again, we assumethat in this case the research unit and the customer have the
same bargaining power, and that they divide the expected surplus equally.

Inthelast period of the game (t = 4), the customer implements the second stage of the R& D process,
the devel opment stage. If thissecond stageissuccessful, the product isfully devel oped and ready for market.
If instead the second stage is not successful, the project is abandoned and the customer earns zero profits. If
successful, the payoff to acustomer dependsal so onthe successor failureof therival pair engagedintheR& D
race. We assumethat if only one of the two customersis successful, it earns the monopolistic profits of M.
For notational simplicity, wenormalizemonopolistic profitsto 1, andweset M = 1. If, instead, both customers
aresuccessful, they competeintheoutput market and earn competitive profitsC# 1. Weassumethat thelevel
of competitive profits C measuresthe degree of competitionin the output market between thetwo customers,
which in turn depends on the degree of differentiation in the two product markets. Specifically, if the two

customershave undifferentiated products and engage in Bertrand competition in the output market, we have

2 our anal ysis can be extended to accommodate alternative assumptions on the distribution of the bargaining
power between customers and research units.
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C = 0. If instead the two product markets are perfectly segmented, each customer is able to earn the
monopolistic profits, and we have that C = M = 1. In the intermediate cases of imperfect product
differentiation andimperfectly competitive marketswehavethat 0< C < 1. Notethat competitivel ossesoccur
only if both customers successfully compl ete the devel opment stage, which happenswith probability g>. We
denote the corresponding expected losses by L / q%1 ! C). For a given probability of successful
development g, theselosses arelowest when thereisno direct competition in the output market (when C =1),
and are greatest when the competition fiercest (C = 0). Further, for agiven level of competition C, expected
lossesarehigher whenthesuccessprobability qisgreater, that iswhentheR& D cycleinvolvesmoreadvanced

stage research.

3. The complete contracting case.

We start our analysisby characterizing (asabenchmark) thefirst-best optimum that can be achieved
when contracts are complete. In afirst-best, the level of effort exerted by the research unit, e, and by the
customer, E, and the nature of innovation are all fully contractible. Sincein thefirst-best case the choice of
organizational formisirrelevant, weneed only to determinetheequilibrium choiceof effort exerted by thetwo
competing customer-research unit pairs in the research stage of the game. Given the total probability of
successat theresearch stage chosen by itscompetitor, , ;, customer-researchunit pair i choosesitseffort levels

(e, E;) so asto maximize joint profits from innovation, m°, that is

K
max,, p 1y (ee E){ €)q (ee E)ej(q L) E(ef Ef)

(@& B)a Le) Xle? B2 2

1 1

st.ae, E, <1,e20,E20.

We have the following Lemma.
Lemmal: Theoptimal responsesfor acustomer-resear ch unit pair that cor respond tothefirst-
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best problem (2) are given by:

2

o 1 .1 a
& (€;) ;(q Le;), EP(e)) E(q Le,), if - (aLe)<1,
©)
FB ¢ ) o E™(e) 1 1 az( Le)z 1

Thus, thetotal probahility of successfully completing theinitial research stage that correspondsto the effort
levels (3) isgiven by:

R %(e)) = ae"(e;) E(€)) min { 1 o’ (q Lej), 13, (4)

and it represents the optimal combined response of acustomer-research unit pair i, given atotal probability
of success of therival pair ,;. The Nash-equilibrium of the research stage is characterized in the following
proposition.”

Proposition 1. (Complete contracting case) In the case of complete contracting, the Nash-
equilibrium levels of effort (e, EF?) at the research stage are given by :

2 2
A) g (L eda ;g1 @

L<1:
k L(1 a?) 13
e FB aq , EF® q . €FB (1 _a*)q : )
x L(1 a? k L(1 a? k L(1 a?
2 2
Byif —(L )4 < qagl %p ;.
k L(1 a?) 13
el1=13 o , EIFB 1 , el;B 1,
1 o 1 a?
(6)

2

13 Note that we must account for the possibility that the symmetric Nash-equilibrium in the research stageis
not stable. In ;gis case, there are also two stable asymmetric Nash-equilibria, of which we choose the one with ,; =
land ,,= R, (1).
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Proposition 1 characterizestheR& D raceinthecompletecontracting case. Theoptimal allocation of research
effort between customersand research unitsisuniquely determined by their relative productivity, **, and the
benefits of sharing knowledge between them due to cost convexity. Thisknowledge sharing effect may be
detected by noting that when customers and research units are equally productive ("' = 1), the first best
programrequiresequal effort all ocation between them. Theeffect of competition betweenthetworival pairs
ontheresearch effort exerted in equilibrium (and on the total probability of successinthe R& D race) can be
seen by contrasting thecompetitivecaseof Proposition 1 withthecaseinwhichbothrival pairsareeffectively
monopolists in their respective markets. This case corresponds in our model to a situation in which both
customer-research unit pairs earn the monopolistic profitsevenif they areboth successful inthe R& D cycle,
and it is obtained by setting C = M = 1. Thisimpliesthat L = 0, and from Proposition 1, the optimal

probability of success of the research stage in the complete contracting case under monopoly is given by

2
Msmax{l o

Comparting (8) with (5) - (7) revea sthat the total probability of successwill be higher under monopoly than
in the competitive case, that is ,™ $ ,™, for al (**, L). Thisimpliesthat competition between thetworival
pairsin the R& D race has the effect of reducing the total probability of successin therace. This property
follows from the fact that competition between rival pairs decreases each pair’ s expected profits, leading to
lower optimal effort. 1t can also be seen that this negative effect is more pronounced when the competition
betweenrival pairsbecomesmoreintense, that isthe parameter Cislower, and R& D cycleinvolveslate-stage
research, that is the success probability g is higher.
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4, Innovation and competition

When contractsareincomplete, thelevel sof research effort exerted by research unitsand customers
are not contractible. In thiscase, customers and research units privately choose effort on the basis of their
incentives. Inturn, theallocation of the property rightsof theinnovation, by affecting the distribution of the
joint surplus between research units and customers, will determineindividual incentives. Thus, thelevel of
effort that research units and customers are willing to exert in the research stage depends on the choice of
organizational form. Theimpact of the ownership structure onincentivesistheincentiveeffect of owner ship.

We now solve the model backward. We fist analyze the effort decision made by each customer-
research unit pair. Given the organizational form chosen in the first period of the game, the two customer-
research unit pairs determine simultaneously their respective levels of effort after observation of the
organization structure chosen by therival pair. Consider first the case of integration. If pair i haschosenthe
integrated form, the ownership of the innovation belongs to the customer, who, if the innovation processis
successful, has al the bargaining power in the bargaining stage (t = 3) . In this case, the customer
appropriates all the expected value of the innovation and the research unit receives no payoff from the
innovation process. Thus, theresearch unit exertstheminimal level of effort possible, whichwenormalizeto
zero (e = 0). Inthis organization form, the customer captures the entire value of the innovation and fully
internalizescostsand benefitsfrom exerting effort at theresearch stage. Thus, giventherival pair’ stotal effort

»j» the customer of pair i choosesits level of effort E; so asto maximize its expected profits,

maxg nIC Ei(q Lej) %Ef,

(9)
st. 0 < E, < 1.
The corresponding reaction function Ril(e i) and the total probability of success , ;, are given by:
qg Le.
R/'(€)) <1, (10)
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Consider now the case of non-integration. If pair i has chosen non-integration, the research unit has the
ownership of theinnovation. Inthis case, if theinitial research stage is successful, in the third period of the
game (t = 3) the research unit and the customer bargain over the licencing feesR that the customer must pay
totheresearch unit to exploit theinnovationcommercially. Thebargaining power of theresearch unit derives
fromthethreat to exercise its ownership rights and withhold the innovation from the customer. Customers
revenues are verifiable and licencing agreements are contractible. Since, for simplicity, we assume that
research unit and customer have the same bargaining power, they split the net expected profits derived from
the commercia exploitation of the innovation equally.

Incentivesinthenon-integrated and integrated organization form differ inanimportant way. Under
integration, the customer hasthe full ownership of the innovation and fully internalizesthe returns of effort.
Inthenon-integrated organi zation form, instead, the customer capturesthevalueof theeffort supplied only to
the extent of its bargaining power in the negotiations over thelicensing feesR.** Similarly, the research unit
must surrender some of thevaluecreated intheresearch phaseto the customer, reducingitsincentivesto exert
effort.

Theoptimal amount of effort level sexerted by research unitsand customersaredetermined asfollows.
Giventhetotal level of effort ,; chosen by thenrival pair j, thelevelsof effort (g, E;) chosen by the customer

and research unit of pair i solve

N |

K
max, ngU (ae; Ei)(% ej) 3 ei2
(11)

st. ae, E, < 1,20,

4 Note that in this organization form, effort exerted by the customer, E, may be interpreted as consisting of
all the preliminary knowledge transmitted to the research unit which increases the probability of obtaining asuccessful
innovation. Thisknowledge may include, for example, detailed protocolsor product specificationsthat may be needed
by the customer in its downstream activity. Alternatively, the customer may dispatch some of its personnel to the
research unit to collaborate in the research activity.
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for the research unit, and

N
maxp e (&g Ei)(

W e
w |

€. ) x E?
] 2 1
(12)

st. 0 < ae E < 1,E20.
for the customer. We have the following.

Lemma 2. The optimal responses for a customer-research unit pair that correspond to the

optimization problems (11) and (12) under non-integration are given, r espectively, by:

N o N 1 1 o?
€; (ej) ﬂ(q Lej), E; (ej) ﬂ(q Lej), if » (q Lej)< 1,
(13)
eNe) ENe) —! it L% (g Le ) 1
1 ] az H 1 j 1 a2 s 2K j £ .
The total probability of success corresponding to the effort levels (13) is now
RN .1 a2( L ) 1
i (€;) min{ o @ L&), 3. (14)

It isimportant to note that, from Eqg. (13) and Eq. (14), individual efforts (g , E ) and the total probahility
RiN(e ;) aea decreasing function of therival pair’s success probability , ;.

The effect of the choice of organization structure on the total probability of success of a customer-
research unit pair may be examined by the comparison of Eg. (10) and Eq. (14). Inparticular, itiseasy to see
that:

Ri'(e;) > RM(e)) iff & < 1. (15)
Eq. (15) reveals that the choice of organization form affects a pair’s success probability in the R&D race.
Given thetotal success probability of pair |, ,;, the effort levels chosen by therival pair i resultsin agreater
total success probability in the integrated form than in the non-integrated formif and only if the customer is

relatively more productivethantheresearch unit, thatis"' < 1 (seeFigure 1). Whenthe customer isrelatively
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more productive than the research unit, that iswhen '* < 1, the choice of theintegrated form of organization
makesthe customer-researchunit pair “ moreaggressive”’ intheR& D racethan it would otherwisebeif hehad
chosen the non-integrated form of organization. Conversely, whentheresearch unitismore productive, " >
1, acustomer-research unit pairismoreaggressiveintheR& D raceinthenon-integrated form of organization.

Animportantimplication of Eq (15) isthat the choice of organizational form, by affecting the optimal
effort exerted by a customer-research unit pair in the research stage, hasastrategicimplication for theR& D
race. The overall effort chosen by a customer-research unit pair is a decreasing function of therival pair’'s
effort. By judiciouschoiceof itsorganization structure, acustomer-research unit pair can deter therival pairs
research efforts by committing itself to a more aggressive posture in the R&D race. When a customer-
research unit pair isamonopolist, there is no advantage by assuming amore aggressive posture in the R& D
race. When, instead, acustomer-research unit pair isengaged in aR& D race with another competing pair, it
isbeneficial to choose an organization structure that |eadsthe pair to amore aggressive behavior in therace.
This effect is the strategic effect of the ownership structure, and is analyzed below.

Wenow characterize the equilibrium of the R& D stage, giventhepreliminary choice of organization
structuremade by thetwo customer-research unit pairs. Theownership structureof thetwo customer-research
unit pairs may be in one of three possible configurations: both research unit may be integrated with their
customers(l-1 case), they may beboth non-integrated (N-N case), or onepair may beintegrated, whiletherival
isnon-integrated (N-I case) (theN-I caseisdiscussed inthe Appendix). Consider first the caseinwhich both
pairs have chosen an integrated organization structure. We have the following:

Lemma3.1f both customer -resear ch unit pair sareintegr ated, theNash-equilibrium of theR& D

raceisgiven by:

elLl 0, ELl LI q , (16)

with corresponding equilibrium payoffs given by:
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LI
Try (17)
If both pairshaveinstead chosen the non-integrated organi zation structure, theNash-equilibriuminR& D stage

is characterized in the following lemma.*®

Lemmad. 1f both customer-resear ch unit pair sarenon-integrated, theNash-equilibrium of the

R&D raceisgiven by:

2 2
Aif —d 899 gl @y o
2x L(1 «a?) 2%
1 2
eN.N aq -, EN.N q -, eNN (1« )q2 : (18)
2x L(1 a%) 2x L(1 a) 2x L(1 a9
2 2
Byif — (1 @4 _y,gl % p g
2x L(1 «?) 2%
elNN o ’ ElN,N 1 ’ ellsIN 1,
1 o 1 o
(19)
eZN’N min{—a(q L);1}, EZN’N a4~ L, eI;’N min{—(1 «®)(q L);l};
2K VAN
C) if _ (1 a®q s 1
2k L(1 a?)
eN.N o , ENN 1 , NN 1, (20)

1 a? 1 a?

The equilibrium payoffs in the non-integration case are displayed in Table 1. The effect of incomplete
contracting ontheequilibrium choiceof effort can bedetected by contrasting Lemma3 and 4 with Proposition
1. Itiseasy toseethat for all pairs(**,L) the overall equilibriumlevel of effort under incomplete contracting

islower than the one under compl ete contracts, for both theintegrated and non integrated organization form.

15 Note that in the case of non-i ntegration we must again account for the possibility that the symmetric Nash-
equilibriumis unstable. Also in this case, there are two stable asymmetric Nash-equilibria, of which we choose here
theonewith ,,=1and ,, = RZN(I).
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Thisisdueto the fact that under incomplete contractsindividual parties choose effort by maximizing their
individual profits, which depend on their share of the total surplus, rather than the total surplus.

Consider now thefirst stage of the game, in which the two customer-research unit pairs choosetheir
organizational form. The choice of organization form is made simultaneously at the beginning of the game,
t = 1. With no financial constraints, the two pairs will chose the organizational form that maximizes the
combined profitsfromtheR& D race, that i stheefficient organi zation structure. Theequilibrium organization
form depends on the productivity of the research unit rel ative to the customer, measured by the parameter "',
and the amount of expected |osses due to competition in the final output market, L, asfollows.

Proposition 2. (Innovation and competition) Under incomplete contracting and no financial
constraints, the optimal organization structureisgiven by:

i) for " < /3/3theoptimal choice of organization isintegration for all L;

i) for /3/3# " #1,thereisacritical level L (*") 0 [0, 1) such that both customer -r esear ch unit
pairschoosetheintegrated form of organizationif L > L (") and they choose non-integr ation
if L #Lc(""); furthermore, thecritical level L. (*") isan increasing function of **;

iii) for " >1, the optimal form of organization isnon integration for all L.

Theoptimal choice of organization structurefor different combinations of the parameters(**, L) isdisplayed
in Figure 2. Note that expected losses L are affected by both the parameter C, measuring the degree of
competitiveness of the output market, and the parameter g, measuring the degree of advancement of the
research object of theR& D race. Theeffect of competition ontheR& D racemay be seen by contrastingagain
the competitive case of Proposition 2 with the casein which both customersearn, if successful, monopolistic
rents, thatiswhen C=M. By settingL =0in Proposition 2, we obtain that the optimal organization structure
under monopoly is asfollows.

Proposition 3. (Optimal organization form under monopoly) Under incompletecontractingand

no financial constraints, the optimal organizational structure under monopoly is given by:
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i) the resear ch unit is optimally integrated within the customer if ** < /3/3;
ii) the resear ch unit is optimally non-integrated if ** $ /3/3.

From Propositions2 and 3we canimmediately seethat the choice of organizational formisthe same
under competition and monopoly when ** < y/3/3andwhen"* > 1. Inthese casesthe choice of organizational
formisdictated solely by therelative productivity of the customer and theresearch unit, characterized by the
parameter **. When "* < /3 /3, the customer is sufficiently more productive relative to the research unit that
integration isthe optimal form of organization for all degrees of competition in thefinal output market, that
isforall vauesof L. Conversely, when"" $ 1, theresearch unitismore productivethan the customer and the
non-integrated organization form is optimal for all degrees of competition in the final output market.

When the relative productivity of the research unit is only moderately lower than the one of the
customer, thatiswhen /3/3# ** < 1, the optimal form of organi zation depends on the productivity parameter
"*, the extent of competition C, and the success probability of the development stage q. Wefind that for any
givenlevel of theproductivity parameter **, theintegrated organi zational formismorelikely when competition
onthefinal output market becomesmoreintense, thatiswhentheparameter Cislower, andwhentheresearch
activity inthe R& D raceisat more advanced stages, that iswhen the success probability of the devel opment
stage g increases. We also find that the non- integrated form becomes more desirable asthe productivity of
the research unit increases.

Thereasonsfor theseresultsarethefollowing. Inthisregion, the productivity of theresearch unitis
only moderately lower than the one of the customer, and the choice of organization form depends on the
interaction of two effects. Thefirst is given by the benefits of knowledge sharing between customers and
research units and it is due to the convexity of effort costs. In the integrated form, the research unit has no
incentivesto exert any effort, and the cost of producing innovationisentirely born by the customer. Whenthe
productivity of theresearch unitissufficiently low (asitiswhen " < /3/3), thisorganizationformisoptimal.

Inthe non-integrated organi zation formtheresearch unit receivesaportion of thevalueof theinnovation, and
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thereforeit hasanincentiveto exert someeffort. Convexity of thecost function thusmakesthe non-integrated
formdesirablebecauseit allowsamoreeffectiveallocation of effort between customer and research unit. This
istheonly effectin play under monopoly, making non-integration optimal also whentheresearch unitisonly
moderately |ess productive than the customer, that isfory/3/3# ** # 1 (see Proposition 3).

The presence of competition in the R& D race adds a strategic consideration to the choice of the
organization form. From Eq. (15) we know that when'* < 1 the total effort exerted by a customer-research
unit pair, that is the total probability of successin the R&D race ,, is greater under integration than non-
integration. Thus, when"" < 1, the choice of theintegrated form provides a customer-research unit pair with
astrategic advantageover itsrival: it commitsthe pair to amore aggressive behavior inthe R& D race, which
inturnreducestherival pair’ seffort. Thisstrategic advantageincreasesthe desirability of integration and it
ismore valuable when expected | osses from competition are greater, that iswhen L issufficiently large (that
is,L >L). Thus, theintegrated organization structureis more desirable when the competition in the output
market ismoreintense, that isfor lower valuesof C, or asthe R& D cycleinvolveslate-stage research, that is
for higher values of the success probability g. Finally, we find that the critical value L increases with the
productivity **. Thisimpliesthat theoptimal organizational form under competition becomesmoresimilar to
the monopolistic case as the productivity of the research unit increases. Astherelative productivity of the
research unit increases, the strategic advantage of integration is reduced. Thus, integration isoptimal only

when the extent of competition isthe fiercest, that isfor very high values of expected competitive lossesL.

5. Competition and financing of innovation
In the previous sections we assumed that both the research unit and the customer were not subject to
afinancial constraint. Thisimpliedthat each customer-research unit pair wasabl eto achievethrough bilateral

bargai ning the organi zati on form which maximizesjoint profits, B;. Thepresenceof financial constraintsmay
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prevent a customer-research unit pair to reach such an organization structure.*® This possibility ariseswhen
a payment from one party to the other oneis required and the presence of financial constraint impairs such
payment. In this section, we modify our basic model by assuming that the research unit is subject to a
financial constraint, whilethecustomer isnot.*” In particular, weassumethat theresearch unit haszerowealth.

In the presence of financial constraints, the ability of a customer-research unit pair to achieve the
organization form maximizing joint profits depends on the initial distribution of the bargaining power and
therefore on the initial ownership of the innovation. For simplicity, we assume that the party that has the
ownership of theinnovation at theinitial stage also hastheinitial bargaining power. If the research unit has
theinitial ownership of theinnovation and the initial bargaining power, it will be able to extract through a
payment fromthe customer all the gai nsthat can be obtai ned from making the efficient choi ce of organization.
Sincethe customer isnot financially constrained, such apayment can occur. If theinvestment expenditure K
isnot too large, then the customer-research unit pair will be ableto choosethe organization form maximizing
total profitsfor the pair. If, instead, the customer hastheinitia ownership of the innovation and the initial
bargaining power, in some casesthe organi zation form that maximizestotal profitsmay not bereached. This
happenswhen non-integrationistheefficient form of organization. Inthiscase, the choice of thenon-integrated
formreguiresthetransfer of theownership of innovationfromthecustomer to theresearchunit. If theresearch
unitisfinancially constrained, it may not beableto compensatethe customer for thetransfer of theinnovation.
The effect of thisfinancial constraint is examined in this section.

We now assume that the customer hastheinitial ownership of theinnovation and thusall theinitial

bargaining power. At the beginning of the game, the customer decides the optimal organization form as

16 |erner and Tsai (1999) document the cyclicality of external equity financing available to biotechnology
firms, and the impact on the structure of research agreements with their downstream costumers.

Y This assumption is consistent with the notion that the customer islarge company with accessto adeep pool
of capital. Theresearch unit, instead, is asmaller organization with limited or no accessto financial resources. Inthis
paper, do not model explicitly the origin of such financia constraints but we assume their presence as exogenously

given.
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follows. Thefirst choice opento acustomer isto maintain the ownership of theinnovation and integrate the
research unit as one of itsdivisions. In this case, the customer paysfor the investment expenditure K. This
choice generates exactly the same case as the integrated form discussed in the previous section.

In aternative, the customer may transfer the ownership of the innovation to the research unit in
exchangefor acertain payment, T. If thisoption ischosen, the research unit must sustain theinvestment K.
Given the presence of financial constraints, the research unit must raise the funds necessary to make the
payment T to the customer andto pay for theinvestment K by selling equity to an external, independent venture
capitalist. Wedenotethischoiceasindependent venturecapital financing (V C). Thedifferencewiththebasic
model with no financial constraint isthat now, if the customer has chosen the non-integrated form, selling
equity inthe private equity market dilutesthe ownership of theresearch unit insiders’ and therefore reduces
the amount of effort exerted in equilibrium by the research unit. Thisis the incentive effect of financing.

The choice of the payment T that the customer requires from the research unit is made with the
anticipation of thenegativeimpact ontheresearch unit’ sincentives. Infact, thenegativeimpact onincentives
may make it desirable for a customer to reduce the required payment T in order to reduce the amount of
external equity raised by theresearch unit and thusrestoreitsincentives. In some cases, the customer may be
willing to offer anegative payment T, that isto subsidize theresearch unit. A negative payment T, whichwe
denoteas corporate venture capital (CVC), reducesthe need for the research unit to issue outside equity in
the private equity markets to finance the investment expenditure K. In extreme situations, it may even be
desirablefor acustomer toset T; = I K, that isto transfer the ownership of theinnovation to the research unit
at no cost, financing entirely theinitial investment. We denotethese arrangementsasstrategic alliances(S).

Thegamenow unfoldsasfollows. Atthebeginning of thegame, t =1, each customer chooseswhether
to maintain the ownership of theinnovation and to integrate the research unit, or to transfer the ownership of
theinnovationto theresearch unit in exchangefor apayment T;,i = 1,2. Inthislatter case, research unitssell

afractionof equity, 1 ! N;, toindependent venture capitalistsin order toraise T, + K each. Eachresearch unit
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retains afraction of equity N;,. The amount of external capital that the research unit must raise depends on
payment T, required by the customer and on the investment expenditure K.

Att =2, each customer-research unit pair chooses the amount of effort to exert in the research stage
of thegame, asinthebasi c game, given the choice of organization structureand thefraction of external equity
finance, 11 N,. After this, the game unfolds as before.

If both customers have chosen the integrated form, the Nash-equilibrium of the R& D raceisgiven
again by Lemma 3. If instead both customers have chosen in the first stage to transfer the ownership of the
innovationtotheresearch units, each research unit choosestheamount of effort to beexerted giventhefraction
of equity retained, N;. Thus, giventhetotal level of effort ,; chosenby therival pair j, thelevelsof effort solve

max, niIiJ (ae Ei)(g Lej) ¢, Eei2
i 2 2 2 (21)
st. 0 < ae E < 1,20,

for the research unit, and

max; ngi (we, E)| 4 Le L o
i ol 2! 2 (22)

for the customer. We have the following.
Lemma5. Thereaction functionscor respondingtotheoptimization problems(21) and (22) are

given, respectively, by:

o ab, o1 .1 ad,
& o (a Le;) B g(q Le; ), ‘fT(q Le) <1,
(23)
. o, . 1 a?¢.
ef" i Ei"" ;, if—d)'(q Lej)z 1.
1 oo, 1 a2, 2k
The total probability of success corresponding to the effort levels (23) is now given by
&, .1 be?
R, (€;) mm{T(q Le;),1}. (24)
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By comparison of (10) and (24) we obtain that

R'(e) > RV(e) iff ad; s 1. (25)
Equation (25) reveal sthat, similarly to our basic game, the choice of organizational formhasagain astrategic
effect onthe R& D race. By choosing the appropriate organi zation and financing forms, acustomer-research
unit pair can commit to amore aggressive postureinthe R& D race. The differencewith the basic caseisthat
now the non-integrated organizationwill normally require someexternal financefrom anindependent venture
capitalist. The presence of external finance hasthe effect of weakening theresearch unit’ sincentivesto exert
effort in the research stage. Thus, the presence of financial constraints, by reducing effort expended by the
research unit, limits the strategic value of the non-integrated organization form.

Let {ei(¢i;¢j),ej(¢i;¢j)} be the Nash-equilibrium of the research stage, given the amount of
external financing 11 N, choseninthefinancing game.® From (25) itisapparent that theequilibriumresponse
of each customer-research unit pair is a decreasing function of the cost parameter 6. For simplicity, in the
remainder of this section we assume that the parameter 6 is sufficiently largethat ,; (N;, N;) < 1forall (N;,
N,) O [0, 1]? and that the corresponding symmetric Nash-equilibriumisstable. Itisalso easy to verify that,
as expected, the amount of total research effort exerted by pair i isan increasing function of the fraction of
equity retained by theresearch unit, N;, and adecreasing function of thefraction of equity retained by therival
pair'sresearchunit, N;, i,j = 1,2. Thisimpliesthat the choice of thefinancing of innovation, by affecting the
research unit’'s incentives to exert effort, has itself a strategic effect on the outcome of the R& D race and
therefore a strategic value to the customer.

Consider now thechoiceof the payment, T;, that acustomer requiresfor theall ocation of the property
rightsof theinnovationto theresearch unit, if such organization structureischosen. Thechoice of theamount

of the payment T, is made by the customer with the anticipation of the extent of venture capital financing1 !

BThe Nash-equilibrium of the research stage is characterized in LemmaAl in the Appendix.
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N, that is necessary to raise the required amount T, and to pay theinvestment costsK. Thus, thepair {T;, N}

is determined by maximizing the customer’stotal profit ng ,thatis:

max, o, T8 ei(¢i,¢j)[ 12 ej(¢i,¢j)) T, X (B (0.0
(26)
st. T, K, < ei(¢i,¢j)( 12 ej(¢i,¢j)) 1 ¢y

Theoptimal choice of the payment, T, and thefraction of equity retained, N;, are determined by the customer
asthe outcome of thetrade-off of threeeffects. Thefirst oneistheincentive effect of financing, andit reflects
thepositiveimpact of equity retention N; ontheresearch unit’ seffort choice, ,;. All elseequal, agreater equity
retention N, leadsto ahigher effort from the research unit and thus to a greater success probability ,;. This
in turn benefits the customer directly, by increasing the expected value of its share of total surplus, and
indirectly, by allowing the research unit to increase the share value of the equity it sellsto the independent
venturecapitalist, and thus pay alarger payment T;. Thesecond effect isthestrategic effect of financing, and
it reflectsthe negative impact of retention N; ontherival pair’ stotal effort , ; that arisesin the equilibrium of
the R&D game. As in the previous case, all else equal this effect will benefit the customer directly, by
increasing its share of the total expected surplus, and indirectly, by allowing a bigger payment. Thesetwo
factors make a customer to prefer a higher retention rate N,. The third factor is the negative effect of the
retention N, on the size of the payment T,. Thiseffect is due to the fact that increasing the research unit’s
equity retention N, limits, all else equal, the ability to raise fundsfrom an external venture capitalist and thus
reducesthe size of the payment T,. Thisrent extraction effect representsthe cost of giving the research unit
incentives through equity retention. The optimal payment T, and the fraction of equity sold to a venture
capitalist 1 1 N, arethen determined by trading off the benefits of the strategic and incentive effects of equity
retention against the disadvantage of alower payment, T,.

We can now characterize the Nash-equilibrium of the financing subgame.
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Proposition 4. (Thefinancing of innovation) Theuniquesymmetric Nash-equilibrium (N*, N*)

of the resear ch unit financing stageis given by the following:

@ Nv =0 for O# ™ # (L) ;
(i) NY = NN, L) for "o(L) <™ < My(L); (27)
(i) NV =1 for " $ (L)

Furthermore, thethresholdslevels "*(L) and "*;(L) are decreasing functions of L.

Thesymmetric Nash-equilibrium characterized in Proposition4isdisplayedin Figure 3. Theoptimal
amount of equity retention by the research unit, NV (**, L) depends on both the productivity parameter ** and
the expected losses L asfollows.

Proposition 5. (Comparativestatics) Theequilibrium amount of equity retention by theresear ch
unitinthefinancingstageN"("*,L) isanincreasingfunction of both ther esear ch unit’ sproductivity, **,
and the expected competitive losses, L.

Thestrategicimplicationsof thefinancing of innovationfor theR& D race may be seen by contrasting
thecompetitive case of Proposition 4 with the corresponding monopolistic case, characterizedinthefollowing
proposition.

Proposition 6. (Thefinancing of innovation under monopoly) Under monopoly, the customer will
optimally finance the resear ch unit asfollows:

() Nv'=0 for " #,2/2;
i)y NW=NvHy /1112"2<1 for "' > 2/2.
Furthermore, MN™ (*")/M"* > 0,and NM(*") < NN(**, L) for L >0, "" > /2/2.

The strategic role of the financing of innovation, and the effect of competition on the choice of
financing, are revealed by contrasting the competitive case of Proposition 4 with the monopolistic case of
Proposition 6. Consider first the monopolistic case. When the productivity of theresearch unitissufficiently

low, thatis""* #/2/2,amonopolistic customer deriveslittlebenefitsfrom promoting theresearch unit’ seffort
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through equity retention. Inthiscase, therent extraction effect dominatestheincentiveeffect of financing and
the customer preferstoincreasetheamount of the payment T; by setting N, =0. At greater productivity levels,
" >,/2/2, the monopolistic customer finds it desirable to ameliorate the research unit’s incentives by
promoting equity retention; thus N, > 0. The optimal amount of equity retention N; is determined by trading
off thebenefitsof retention and the corresponding reductionin payment T;. It turnsout that heincentiveeffect
dominatestherent extraction effect, and theoptimal retention N, isanincreasing function of theresearch unit’s
productivity.

Consider now the competitive case of Proposition 4. When the productivity of the research unit is
sufficiently low, that isfor ** # "' (L =1), the choice of financing in the monopolistic and competitive cases
coincide, withN"=0. Inthisrange, research unitshavelow productivity and equity incentiveshavelittleeffect
on apair’s success probability, with little benefit to customers. Thus, asin the monopolistic case, the rent
extraction effect dominates the incentive effect, and the customer prefers a greater use of external venture
capital financing, which allows alarger monetary payment T;.

For"'>"" (L), theoptimal financing choicesinthemonopolistic and competitive cases, however, differ
insomesubstantial ways. Specifically, wefindthat inthecompetitive casethecustomerswill, inequilibrium,
givetheresearch unitsan equity stake N; whichisgreater (strictly greater for ** > ,/2/2) than thelevel under
monopoly. Thereason for the divergence between the monopolistic and the competitive casesisthat, under
competition, the choice of financing givesacustomer an additional strategic advantageinthe R& D race. By
allowingtheresearch unittomaintainalarger equity stake, and thereforeby giving theresearch unitincentives
to exert agreater effort, acustomer will commit again the pair to amore aggressive postureinthe R& D race.
Thisfinancing choicewill deter therival pair from exerting research effort, and increase apair’ s probability
topre-emptitsrival intheR& D race. Thus, under competition, the optimal amount of external venture capital
financing 1 I N, isdetermined by customers by trading off the benefits of the incentive and strategic effects

of giving high power incentives to the research unit against the financial gains from a greater payment T,.
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The optimal amount of equity retention N¥(**, L) depends on both the research unit's relative
productivity, **, and expected competitivelosses L (see Proposition 5). First, when the research unitismore
productive, the benefits of improving incentivesto exert effort are greater. Thus, the equilibrium amount of
equity retention by theresearch unit, N¥(**,L), isanincreasing function of theproductivity of theresearch unit.
Second, for agiven level of research unit’s productivity, **, the strategic benefits of financing will be larger
whentheexpected competitivelossesL aregreater. Thus, theequilibrium equity stakeof theresearchunit N
will be greater when the competition in the R& D race is more intense, or when the research is at a more
advanced stage, that is probability qis greater.

Finally, when the research unit’s productivity is sufficiently high, ** > **,(L), the best strategy for
customers is to maximize research units effort by giving the research unit full equity ownership of the
innovation and requiring no outside venture capital financing, that issetting N* = 1. Inthiscase, the payment
T, is negative and it is equal the monetary investment cost: T, = I K. Thisisthe case of a pure strategic
aliance, in which the research unit has the full ownership of the innovation whilethe customer paysfor the
research cost K.

We can now examinethe choice of organizational form made by the customer at the beginning of the
game.

Proposition 7. (Ownership and financing of innovation) Let 6 $ 6, (defined in the Appendix).
Then, therearecritical values{"",(L), ""\n(L), ""n(L), ""s(L)} such that:

i) ifO#"# " (L): both research unitsareintegrated with their customers;
i) ifif " (L) # " <"y (L): oneresearch unit isintegrated with its customer, whileitsrival isnon-

integrated andispartially financed by anindependent ventur ecapitalist;

i) if"N(L)HE <M(L): both resear ch units are non-integr ated, and they are partially financed

by independent venture capitalists;
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i)if"y(L)#"# a: resear ch unitsarenon-integrated, and they are fully financed by their
customersin aresearch alliance.
Furthermore, M, (L)/ML >0and M"4(L)/ML <O.

Proposition 7 characterizes the equilibrium choice of the ownership and financing of innovation for
the two rival pairs, and it is displayed in Figure 4 . The effect of the competitive pressure may again be
assessed by contrasting the results of Proposition 7 with the monopolistic case, examined in the following
proposition.

Proposition 8. (Ownershipandfinancing under monopoly) Theoptimal owner ship structureand
financing of innovation under monopoly is given by:

i) theresearch unit isintegrated within the customer if ** <\/2(1 /5)/4,
ii) theresear ch unit isnon integrated and partially financed by an independent ventur e capitalist if **
$/2(1 /5)/4.

Several important observations arise from Proposition 7 and 8, and their comparison with the no
financial constraint case examined in the previous section.

Consider first themonopolistic case, characterized in Propositions3and 8. In theabsenceof financial
congtraints(Proposition 3), weknow that the optimal organi zation structureisintegration when the productivity
of the research unit isbelow the threshold level ** = /3/3 < 1, and non integration otherwise. The presence
of afinancial constraint hastheeffect of raising thethresholdlevel after whichamonopolistic customer prefers
to allocate the ownership of theinnovation to the productive research unit. If theresearch unit isfinancially
constrained, it may not be able to fully compensate the customer for the transfer of the ownership of the
innovation. Theresearch unit partially paysfor thetransfer of the ownership of theinnovation by selling equity
toanindependent venturecapitalist, whichinturn weakensitseffort incentives. Thus, amonopolistic customer
iswillingtotransfer theownership of theinnovation only at higher productivity levelsof theresearch unit, that

isfor** $,/2(1 4/5)/4 >1>/3/3. Furthermore, the optimal fraction of equity retained by the research unit

30



N™* is an increasing function of the research unit's productivity parameter ** (Proposition 6).

Consider now the competitive case. In this case the optimal organization structure depends on the
interaction of thefour effectsdiscussedinthispaper: thebenefits of knowledge sharing, theincentiveandthe
strategic effects of the ownership and financing of the innovation, and the rent extraction effect. If the
productivity of theresearch unitissufficiently low, thatisfor 0# " #'*,(L), the non-integrated organization
structure provides little incentive and strategic benefits to the customer. Furthermore, in this region the
research unit can raise only alimited amount of capital from external venture capitalists. Thus, the benefits
to the customer from switching to the non-integrated organization structure are less than the loss from the
transfer of the ownership of the innovation to the research unit, and the optimal organization form is
integration.

Thethresholdlevel,",(L), dependsontheintensity of thecompetitionintheR& D race, and it derives
fromthetrade-off of two effects. Thefirstisthefinancial effect and it depends on the negative impact of the
competitive pressure on the amount of external equity raised form venture capitalists, 1 1 N, ,and therefore
the size of the payment T,. The second is the strategic effect of transferring the innovation to the more
productiveresearch unit; thiseffectismorevaluableto the customer when the competitive pressureisgreater.
Asit turnsout, in thisregion thefirst effect dominates, and increased competition makesthe customer more
likely to prefer integration. Integration will also be optimal when theresearchinvolvedinthe R&D cycleis
late-stage research, that is when the parameter q is greater.

For greater |evelsof the productivity of theresearch unit, thatiswhen"* $ " (L), the productivity of
theresearch unit ishigh enough to make non-integration the optimal formof organization. Now the customer
transfersthe ownership of theinnovation to theresearch unit, whichinturnfinancesitself by selling equity to
an independent venture capitalist. In this region, the productivity of the research unit is larger than the
customer’ sand theincentive and the strategic effectsmakethenon-integrated formdesirable. Thebenefitsof

non-integration are however tempered by thefact that thefraction of equity optimally retained by theresearch
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unit is larger when the productivity parameter ** is greater, and thus the payment T islower.

When the productivity of the research unit is sufficiently large, or the R&D race is sufficiently
competitive, that iswhen "'g(L) # " # a, customers will transfer the ownership of the innovation to the
research unit at no charge and will pay for the investment K in the context of a strategic aliance. Thus
strategic aliancesemergeasoptimal organizational structurewhen boththe productivity level of theresearch

unit and the degree of competition are the highest.

6. Empirical implications

Inthispaper we haveexamined the choi ceof theoptimal ownership and financing of innovationinthe
context of an R&D race. We have shown that the optimal organization and financing of innovation in a
competitive environment depends on both the productivity of aresearch unit relative to its customer, on the
intensity of the R&D race, and on the availability of capital to the research unit. The optimal choice of
organization and financing emerge as the outcome of the complex interaction of four main effects.

Thefirst effect isthe benefit of sharing the cost of knowledge production between the customer and
the research unit, and is dueto the convexity of cost structures. The second effect isan incentive effect, and
it depends on the property that the organization and financial structure affectsthe distribution of the surplus
between contracting parties and therefore their incentivesto exert effort. All else equal, this effect favors
integrationwhen the customer ismore productivethan theresearch unit, and non-integration otherwise. Innon-
integrated structures, it al sofavorsequity retention by theresearch unit, and thereforethe use corporateventure
capital and strategic alliances as a substitute for independent venture capital.

Thethird effect is given by the strategic implications of the ownership and financing of innovation.
This effect derives from the strategic value that a customer-research unit pair obtains from choosing an
ownership and financia structure that commitsthe pair to amore aggressive postureinthe R& D race. This

value is strategic in that it deters the rival pair in the race from exerting effort. This effect favors the
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organization structure which givesmoreincentivesto the more productive party, and it ismore critical when
competition in the R& D raceis more intense.

Finally, thefourth effect isdueto the presence of financial constraints, which limit the ability of the
customer to extract rents form the research unit and thusinternalize the value of theinnovation. Thiseffect
will favor integration, inwhichthe customer maintainsthe ownership of theinnovationandfully appropriates
itsvalue.

Theinteraction of theseeffectsin our model allowsto usto derive several empirical implicationsthat
are novel in the literature.

Implication 1 (Integration): Integration is more likely to emerge when the customer is more
productive than the research unit, and competition in the R&D race is more intense or the R&D cycle
involves late-stage research, and when the research unit is financially constrained.

Implication 2 (Non-integration): Non-integration and venture capital financing ismore likely to
emerge when the research unit is more productive than the customer, when competition in the R&D raceis
lessintense or the R& D cycle involves early-stage research, and when the research unit is not financially
constrained.

When the customer is more productive than the research unit, our model predictsthat integrationis
more likely to occur when expected competitive losses are grater, that is when competition in the R& D race
ismoreintenseor theR& D cycleinvolveslate-stageresearch. Conversaly, when competitionintheR& D race
ismoderateand the R& D cycleinvolvesearly-stageresearch, customer-research unitsare morelikely totake
advantage of the benefits of knowledge sharing offered by non-integrated organization structures, possibly
financed by venture capital. These predictionsare consistent with thefindingsin Robinson (2000), showing
that mergersare more likely to occur in industries with more mature products and with more concentration.
Further, when the research unit is financially constrained, integration occurs (inefficiently) even when the

research unit ismore productivethan the customer. Thisprediction isconsistent with the evidence described
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in Lerner and Merges (1998) and Lerner and Tsai (1999). These works show that the presence of financial
constraints|eads biotechnol ogy firmsto engage in research agreements which are more unfavorable to them
and with poorer long term performance.

Implication 3 (I ndependent venture capital financing): Independent venture capital financing, as
afraction of theresearch unit’ sequity, isgreater when competitioninthe R& D raceislessintense, theR& D
cycle involves early stage research, and when the productivity of the research unit is lower.

Implication 4 (Corporate venture capital and strategic alliances): Corporate venture capital
financing and strategic alliances are more likely to emerge when competition in the R&D race is more
intense, the R& D cycleinvolveslate-stageresear ch, and when the productivity of theresearch unitishigher.

In our model the extent of independent venture capital financing is given by the advantage of giving the
research unit high power incentives, anditsislinked to theintensity of the R& D race, the productivity of the
research unit and the devel opment stage of theresearch involvedinthe R& D cycle. When competitioninthe
R&D race is more intense, a customer will benefit most from accelerating the race by giving high power
incentivetothe more productiveresearch unit. Thisisachieved by enteringwithresearch unitinto aresearch
alliance or acorporate venture capital agreement. This prediction isconsistent with the evidence presented
in Robinson (2000), showing that research alliancesare morelikely inindustrieswith low concentration and
low brand equity. Also, Allenand Phillips (2000) show that strategic alliancesand corporate venture capital
are more valuable in R&D intensive industries, where they lead to increases in capital expenditures and
industry adjusted operating cash flows.

Implication 5 (Stageof production development): Venturecapital financing and strategic alliances
are more likely to emerge when the product development is at earlier stages. Integration is more likely to
emerge when the product development is at later stages, and for more matureproducts. Our model implies
also that organization and financial structureislinked to the stage of product development. For productsin

their early stage of development or for newer products, competitionislow and the probability of successfully
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obtainingacommercially viablefinal productissmaller. Inthesecases, our model predictsthat non-integration
and independent venturecapital financing should emergeastheoptimal organization andfinancial structures.
Conversely, at later devel opment stages or for more mature products, integrationismorelikely to emerge as

an optimal organization structure.

7. Conclusions

In this paper we develop a unified theory of integration, venture capital financing and strategic
alliances, wherethe organization and financial structure of innovation emerge asthe optimal responseto the
competitive pressures of the R& D race, the stage of the research and product development, and the severity
of thefinancial constraints. Wehave shownthat integrated organization structuresare morelikely toemerge
when the downstream firm is more productive than the research unit, competition in the R& D raceis more
intense or the R& D cycleinvolves|ate-stage research, and when theresearch unit isfinancially constrained.
Conversely, non-integration and venture capital financing ismorelikely to emergewhen theresearch unitis
more productive than the customer, when competition in the R& D race is less intense or the R& D cycle
involvesearly-stageresearch, and whentheresearch unitisnot financially constrained. Strategicalliancesand
corporateventurecapital financingismorelikely to emergewhen competitionintheR& D raceismoreintense,
the R&D cycle involves late-stage research, and when the productivity of the research unit ishigher. The
model hasal so predictionsontheamount of venturecapital financinginrelationtotheintensity of competition

in the R& D race and the stage of research and product devel opment.
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Table 1: The sequence of eventsin the basic game

t = 1: Organization choice stage

Each customer (C) and research unit (RU) pair chooses simultaneously their organization structure,
that iswhether to mergeand integrate (1) theRU withinthe C, or to remain asseparate, nonintegrated
entities (N).

t = 2: Research stage

After observing therival pair’s organization structure, each C and RU simultaneously choose their
effort levels (g, E).

The probability of successfully obtaining an innovationis ,; / min{ " ¢ + E;; 1}.

t = 3: Bargaining stage
If theresearch stageissuccessful, the C and RU bargain over thedistribution of theexpected surplus.

If theRU isintegrated withinthe customer (1), the customer hasall the bargaining power and extracts
all the surplus.

If theRU isnon-integrated (N), the research unit hasthe same bargai ning power asthe customer, and
they choose alicencing fee that splits the expected surplus equally.
t = 4: Development stage

The C develops the innovation into a final product. The development stage is successful with
probability g.

If only one RU-C pair successfully develops the final product, the customer of the successful pair
earns monopolistic profit M = 1.

If both rival pairs successfully develop thefinal product, each customer earn competitive profit C O
[0, 1].



Tablell: Profitsunder Competition: the case of Non-integration
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APPENDIX

Proof of Lemma 1. Consider the first-best optimization problem (2). An effort pair (e,E) with eithere=00orE=0
isclearly not optimal. Consider then remaining the Kuhn-Tucker conditionsfor an optimum, wherey isal agrangean
multiplier:

a(q ejL) ke ey 0, q LxEy 0, y(1 ee E) 0, ae E < 1. (A1)
Direct calculation shows that thetriplet { y =0, =""(q- ,; L)/6, E, = (q- ,;L)/6 } isasolution to (A1) if and only
if (1+"2)(q-,,L)Y6<LIf(1+"?)q-,;L)/6%$1 thenthesolutionis{y=q-, L-6/(1+"2) E=1/(1+
e=""1+"%}. 9
Proof of Proposition 1. The determination of equilibrium values (e, E) must account for the fact that under some
parameter values the symmetric Nash-equilibrium of the effort game is not stable, which happens when (1 + **3)L /2
6% 1. Consider first, from (4), the solutionto , = (1 + "*?[q - L ,]/6, whichisgiven by ,, / q(1 + ""3/[6 + (1 +
"'JL]. There are now three possible cases.
CaseA: ifq(l+"9/[6+(1+"9)L] <land (1+ "L/ 6 <1, then ,y < 1and the symmetric Nash-equilibrium of
the effort subgame is stable. In this case, direct substitution of ,  into (3) yields (5).
CaseB:if q(1+"3)/[6+(1+"?)L] <land (1+"?)L/6 $ 1, then ,, < 1, but the symmetric Nash-equilibrium of the
effort subgame is not stable. In this case, we focus on the stable asymmetric Nash-equilibrium with , ; = 1 and, from
(4), with ,, =R™ (,, = 1). Substitution into (3) yields (6).
CaseC: if q(1+"2)/[6 + (1+")L] $ 1, then ,, $ 1; thus, from (4), set ,™ =1, which, after substitution into (3),
gives (7). 9
Proof of Lemma 2. Following an argument similar to the one adopted in the proof of Lemma 1, we havethat thefirst
order conditions of the unconstrained version of problems (11) and (12) aree = "'[q- L, ]/26,and E =[q- L,;]/26,
respectively. If (1+ "*?)[q-L,]/26 < 1, they satisfy (1), and they are also the unique solutions to (11) and (12). If
instead (1+"*9)[q-L,;]/26 $ 1, then there may be multiple pairs (g, E;) solving (11) and (12). In this case, we choose
the solution which maximizestotal profits, ng N giving the second line of equation (13). 9
Proof of Lemma 3. The equilibrium value of ,'" is obtained by setting, from the reaction function equation (10), ,

=(q-L),/6, and solving for ,. The corresponding total profits are obtained by direct substitution of this value into



9. 9
Proof of Lemma 4. The determination of equilibrium values of e and E under non-integration must account for the
fact that, under some parameter val ues, the symmetric Nash-equilibrium of the effort gameis not stable, which happens
when (1 +"'?)L/26 $ 1. Consider first, from (18), the solutionto , = (1 + "*?)(q- L ,]/26, whichisgivenby ,, / q(1
+""9)/[26 + L(1 + "*?)]. There are now three possible cases.

CaseA: if q(1+""9/[26 +L(1+ ")) <1land (1 + ""?)L/26 < 1, then ,, < 1 and the symmetric Nash-equilibrium of
the effort subgame is stable. In this case, direct substitution of , ; into (13) yields (18).

CaseB:if q(1+"?)/[26 +L(1L+ "] <land (1 + ""?)L/26 $ 1, then ,, < 1, but the symmetric Nash-equilibrium of
the effort subgame is not stable. In this case, we focus on the stable asymmetric Nash-equilibrium with ,, = 1 and,
from (14), with ,,=R" (,, = 1). Substitution in (13) yields (19).

CaseC: if q(1+ "3)/[26 + L(1+ "3)] $ 1, then ,, $ 1; thus, from (20), ," = 1, and, after substitution of into (13),
we obtain (20). 9
Proof of Proposition 2. For notational simplicity, in this proof we will define S /(1 + **?/2. Consider the Nash-
equilibrium of the effort choice subgame in the case in which in the first stage of the game one of the two customer-
research unit pairs has chosen the integrated form, and the other pair has instead chosen the non-integrated form.
Without loss of generality, we will denote as pairl the customer-research unit pair choosing I, and as pair 2 the
customer-research unit pair deviating and choosing N. We follow a procedure similar to the one adopted in the proof
of lemma4. From equations (16), (19) - (20), we have now that the Nash-equilibrium of the effort subgameis given
by one of the following two cases:

Case (I1-a): SL?< 6%and q S(6 - L)/(6 - L?S) < 1:

, LN xk LS IN k LS
k- L*S k- L*S
(A2)
LN qa(x L) ELN q(x L)
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2k? 2128 ° k2 LS

Case (11-b): SL2$ 62 orgqS(6 - 8)/(6 -L%S) $ 1
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The corresponding equilibrium payoffs are displayed in Table A1. Note that we must again account for the possibility
that the Nash-equilibrium is unstable, which now happenswhen SL?$ 62. Inthis case, we focus again on the stable
asymmetric Nash-equilibrium in which ,, =1.

Consider first the case of (I-1) equilibria. From our previous assumption, in this case the customer-research
unit pair deviating from the candidate equilibrium is pair 2. Comparison of lemma 3 and equations (A2) and (A3)
revealsthat there are 2 separate cases.

Case (11-a): From Table A1, we havethat (1, I) isan equilibrium if and only if

, kq? 3%k (x L)’S ,
bl = q > q 2( 2)2 = by, (Ad)
2(x L) 4(x* L*S)

By direct calculation, it may be verified that, for S# 1, inequality (A4) holdsif and only if L $ L, (S), where:

L(S) = 2 V68 2 (A5)
Y6S 28
Note that If S> 1, inequality (A4) never holds and (1,1) is never an equilibrium.
Case (I1-b): Again from Table A1, we havethat (1, 1) is an equilibrium if and only if
xq? L(q L) «x
q22q @L) x (A6)
2(x L) K 48

Wewill show that theinequality (A6) isnever verified. Consider first the casewhere LS < 6% and gS(6 - L)/(62 - L2S)

$ 1. Thisimpliesthat [q(6 - L) + L?/4 6 $ 6/4 S, and that:

L@ L) x ,,qr) 9D L? %[qk Lq L), A7)

q K 48 4x

Note next that g - L(q- L) >q 6 /(6 + L) >6[q/ (6 + 8)]* whichimpliesthat 3/4[q 6 - L(q-L)]/6 >%6[q/ (6 +
L)]? violating (A6). Consider next the case in which LS $ 62 We have againthat q- L(q-L)/6 >q-L(q-L)>q

6/(6 + L); notenextthat L <q< 1impliesthat L?/46<q6/2(6 +L). Thus.q-L(g-L)-L?/46>q96/(6+L)-



q6/2(6 +8)=%q6/(6 +L)>%6[q/ (6 + L)% Thus, L’S$ 62impliesthat q- (L(q-L))/6-6/4S >q-L(q-
L)-L?/46> »%6[g/(6 + L)]* violating again (A6).

We turn now to the (N-N) equilibria. Inthis case, the customer-research unit pair deviating from the candidate
equilibrium is pair 1. From lemma 4 and equations (A2) and (A3) we can see that there are now 4 relevant cases,
displayed in Figure A1

Case (NN-a): SL?< 6% and gS (6 -L)/(67 - L2S) < 1. Inthis case, (N-N) isan equilibrium if and only if

, 3kq?S kq?(2x 2LS) ,
nI;N > 7 ° . (2 2 )2 nITI\i (A8)
(2x 2LSY  2(2x% 2L2S)

By direct calculation it is easy to verify that for S# 1 inequality (A8) holdsif and only if L # Ly(S), where

Ly(S) =

V68 2 )%. (A9)
S(/6S 28)

Note that If S> 1, inequality (A9) aways holds and (N,N) is always an equilibrium.
Case (NN-b): 8S< 6, qS(6 -L)/(6%- L2S) $ 1 and qS/(6 + LS) < 1. Inthiscase, (N-N) isan equilibrium if and only
if

3kq2S . q%(1 L/q)
(2x 2LS) 2k

(A10)

Note first that gS/(6 + LS) < 1 impliesthat L/q > LS/(6 + LS). Note also that qS(6 -L)/(6% - L?S) $ 1 impliesthat S
> 1, whichin turn impliesthat [6(35/2)”* +L] / (6 + LS) > 1. Thus, we have that 6(35/2)* /(1 + LS) > 1 - L/q, which,
after squaring both sides and dividing by 2, implies (A10).

Case (NN-c): this case is composed of two subcases:(a) gS/(6 + LS) $ 1 and S L2 $62, and (b) gS/(6 + LS) $ 1 and

SL2< 62 Inboth subcases (N,N) is an equilibrium if and only if

x _ (q LY
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Notathat g5/(6 + LS) $ 1 impliesthat (q- L)/4 $ 6/4S. Thus, q- L - 6/4s$ 3(q - L)/4 $(q - 8)%2 $(q - 8)%2 6,
giving (A11). Thus, (N-N) is an equilibrium in both sub-cases.

Case (NN-d): This caseis also composed of two subcases: (a) qS/(6 + LS) <1and SL?$ 62 and (b) q/(6 +LS) <



1and LS < 6°< L2 In both cases, (N, N) is an equilibrium if and only if

2
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By direct calculation, we have that q - (SL(q - L))/6 - 6/4S > 33(q - L)%46 when L > (gS- 6)/S, whichisimplied
by gS/(6 + LS) <1. 35(q-L)%46 > (q-L)%2 6, for S>2/3. The latter inequality is aways verified since SL?$ 62
and L?S < 6°< L2S? both imply that S$1 Thus, (N-N) is an equilibrium in both sub-cases.

Note now that Ly (2/3) =L, (2/3) =0, and that L (1) =L, (1) =6. Furthermore, it may be easily verified that
Ly (S) and L,(S) are both increasing and concave functions of S. Comparison of (A5) and (A9) revealsthat L, (S) $
L,(S). Thusfor al (S, L) suchthat L,(S) #L # L, (S) both (I-1) and (N-N) equilibriaexist. Finally, from (A4) and (A8)

it may be verified that for 2/3 #S# 1, we also have

NN 3kq?S 5 kq? LI

i (2x 2LSY  2(x L) T (AL3)

and the (N-N) equilibrium Pareto-dominates. Thus, in the presence of multiple equilibria we will assume that both
customer-research unit pairs will choose the Pareto-dominating (N-N) equilibrium. The proof is concluded by setting
Le () / Ly [SC]- 9
Proof of Proposition 3. If (1 + "*%g/26 < 1, comparison of the total profits under integration and non-integration
reveals that non-integration is optimal if and only if 2/3#(1+ ""?)/2< 1. If (1 + "*%)/2 > 1, non-integration is always
optimal. 9
Proof of Lemma 5. The proof of thislemma follows the proof of Lemma 2, and is omitted. 9
Proof of Proposition 4. To prove this proposition we need the following Lemma, which characterizes the Nash-
equilibrium of the R&D race.

LemmaAl. If both customer-research unit pairsarenot integrated, the Nash-equilibrium of theR&D raceis

given by:
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1 e, 1 e, 2%
2 2
3 if q(l e*dy[2x L(1 e’ )] -
4x? L1 oe?9)(1 )
o0, @b, ;0 b3d;
R ] 1 R EiJ ] R il ] 1;
& 1 (,,24)i 1 a2¢i € (A16)

(1 e?¢af2e (1 )] > 1 and L2(1 e?¢)(1 a?d,) <4

4) if: (4-0) — S n >
4 LY(1 a*p)(1 a’d,) K

, or

(1 e’dpql2x (1 a’¢,)] L*(1 e?¢,)(1 a’d,)
> 1 and >
4x? L1 o?d)(1 a’d)) K2

4:

(4ii)



et _© ¢, . phes L bt
1 a’d, 1 a’d,
o L 1 a? L
el‘bp‘bz ¢1(q ) , Eld’l,d’z q L , if 6?1’4’2 miﬂ{ ( ¢1)(q ) : 1 }< 1 , (Al?)
2k 2k 2k
o 1 o? L
el¢1»¢2 ¢1 , E1¢1;¢2 ]_ , if €T1;¢2 min{ ( ¢1)(q ) ; 1 } 1 .
1 oo, 1 a?d, 2%
Proof of Lemma Al. Define{,vi( Ni, N;) ,v,(N;, N;)} asthe (unique) solution to
1 ¢.a? 1 ¢.a?
i J
& o (q Le;), ¢ T(q Le,), (A18)
which isgiven by
(1 a?¢)ql2x L(1 a’¢)]
€y, (d,, ¢1) ! (A19)

4’ L1 o?d)(1 a’d)
The proof of this Lemmafollows the same procedure of the proof of Lemma4. We have now the following four cases.
Case 1. Inthiscasg, ,y; <1land ,y; < 1and the symmetric Nash-equilibrium of the effort subgame is stable. Thus,
direct substitution of , ; into (23) yields ,;=,y;and ,,=,v,, giving (A14).

Case2-i: Inthiscase , v; < 1,1 =1,2, but the symmetric Nash-equilibrium of the effort subgameisnot stable. Asbefore,
we focus on the stable asymmetric Nash-equilibrium with ,, =1 and, with ,,= R;’Z(el 1). Thisgives (A15).
Case 2-ii: In this case, we have ,,>1and L? (1 + "2 N;)(1 + "2 N,) $462, and the unique (stable) equilibrium is
obtained by setting ,, = 1and, ,, = R,*(e, 1), giving again (A15).

Case 2-iii: Inthiscase ,y; >1and L2 (1 + "N, )(1 + "> N,) < 46% Thus, we set ,, = 1 and correspondingly ,, =
R,(e, 1), which again gives (A15).

Case 3: In this case we have that ,; $ 1,1 = 1,2; thus, we set , N = 1, giving (A16).

Case4-i: Inthiscase ,y,>1and L2 (1 + ""2N,)(1 + ">N,) < 462 From (23), weset ,,N=1and ,,= Rld"(e2 1),
which gives (A17).

Case 4-ii: In this case we have that ,y, > 1and L2 (1 + ""2N,)(1 + ">N,) $ 462, and the unique (stable) equilibrium

is obtained by setting ,,=1and, ,,=R.'(e, 1), giving again (A17). Q



We can now proceed to the proof of Proposition 4. In this proof, we assume that 6 is sufficiently large so that , ; < 1,
fori,j =1,2. Thus, Case1in LemmaA4 apply. Consider next problem (26). It is easy to verify that the constraint
of problem (26) will always be binding at an optimum (for agiven N,, it will always be optimal to set T, to satisfy the
constraint as an equality). After substitution of the constraint, we abtain that the first-order condition of this problem,

when the equilibrium of the R& D stageisin Case 1 of LemmaAl, give the system of equations.:

L2(1 a?¢,)(1 a?) 4x*(2e? 1) L2(1 a2d,)(1 a?) 4x*(2a? 1)
?[8k% (1 a2¢,)(1 2¢)L2] ~ o?[8%* (1 a?d,)(1 2a})L] (A21)
Let {oN, $N?}, $N <™, the solutionsto (A20), if they exist. Set N = ¢N!, where
oN(a,L)= 8 L20Ge? 2) Jedxa L[aL? 16x’(4a! 30’ D] (A22)

202(1 2e?)L2
forL>0,andN"/ (2" - 1)/2" *for L =0. Letfirs NV# 0. Fromthedefinitionof NV, it may eesily beseenthat 8 ng ($,,0)/3 $,<0
foral N; 0 [0, 1], for i, j = 1,2. Thus, the Nash-equilibrium of the financing stageis (0,0). Solving NV(**, L) = 0 for

L we obtainthat NN # 0 for L # Ly (""), where:

Loy(2) = 2% /(1 ad)(1 2a2). (A23)

1 a?

Define then ", (L) as the inverse function of Ly (*"). It is easy to verify that Lo(y/2/2) = 0 and that " (L) is a
decreasing function of **. Let now 0 < N" # 1. From the definition of NV, we know that N" is a global maximum of
ng (¢;;0N) foral N, 0[0,1]. Thus, the pair {N™ ,N"} is a Nash-equilibrium. From (A22), we have that N"
#1lforL# L, (*")," # a, where

2k

L (a)= .
V2a® 40! 302 1

(A24)

Define "\ (L) astheinversefunction of L,y(""). Itiseasy to verify that "* (L) is adecreasing function of **. Finally,
let NN > 1. From the definition of NV, it may easily be seen that ang (¢,,6M)/0 d,>0foral N, 0[O0, 1], fori,j=
1,2. Thus, the Nash-equilibrium of the financing stage is (1,1). Finally, by direct substitution of (A14) into (26) we

obtain in equilibrium customer’s profits are given by



b0 X922 ™) o?¢") 1
© 2 2k L «2N)P,

(A25)

concluding the proof. Q
Proof Proposition 5. For the purpose of this proof, definey / L2and x / "*2. Since 0 #L # 1, and "* $0, these are

monotone transformations. From the definition of NN, and differentiating with respect to y, we have:

ooN , 28 (4x’y 3xy y) YA

oy y2(1 2x)y/A (A29

where A = 64x* y[x%y 16x%(4x? 3x 1)]. Sincethe denominator of (A26) isaways positive, and the derivative
ispositive if and only if:

8x? (4x2y 3xy y)>y/A. (A27)
Note now that, from (A24), we have that x > 0 and N" < 1 together imply that y < 46%(2x® + 4x? + 3x + 1) < 86%(4x®
+ 3x + 1). Thus, the LHS of (A27) is positive, and (A26) is positive if and only if

[8x? (4x%y 3xy y)P>A, (A28)
which can be verified to be the case by direct calculation.

Differentiating now with respect to x, we obtain that

3 oY (128x 32)x* 4y(16x°® 18x? 11x 2)x? y2x? [4x*(4x 1) y(3x? 4x DIYA
ox y(1 2x)*x? /A

(A29)

Note that again NN < 1 impliesthat y < 46%/(2x? + 4x? + 3x + 1) < 46%(4x + 1)/(4x? + 3x + 1). Thus, the derivative in

(A29) ispositive if and only if

/A < 4y(16x3 18x? 11x 2)x? y2x3> (128x 32)«x*
4x2(4x 1) y(3x?2 4x 1)

= B. (A30)

From (A28), it easy to see that (A30) is verified if 86% - 3xy - y -4yx? #B. By direct calculation, the latter inequality
isverified if and only if y # 462/(3x? + 3x + 1), which isagain implied by N™ < 1. Q

Proof of Proposition 6. In the monopolistic case, the customer will solve:



maxd,Tn;BI e((bM)% T %(EY
(A31)

st. T K e(d)M)%(l b)),

where E = ¢/26, and , (N) = (1 + "2 N)g/26. Differentiating, we obtain that N* = 0, for ** < y/2/2, and that N"" =
NM (") /1-22"2% < 1for™ >2/2. Finally, from the definition of N™ in (A22) it is easy to show that NN > NM
if and only if (A27) occurs, which we have shown to be the case. Q
Proof of Proposition 7. To prove this proposition we need the following Lemma, which characterizes the Nash-
equilibrium of the R& D race when one customer-research unit pair is integrated, while the other is not. Without loss
of generality, we will denote again as pairl the customer-research unit pair choosing integration, and as pair 2 the
customer-research unit pair choosing non-integration. We maintain our assumption that 6 is sufficiently large that
,i <1,i.j =1,2 and the Nash-equilibrium is stable.

Lemma A2. If one customer-research unit pairsisintegrated while the other is not integrated, the Nash-

equilibrium of the R& D raceisgiven by:

2 a1
ef""l 0, E11,¢‘ ell,¢‘ ql2x L1 a*¢)]

262 LY(1 o«?¢h) (A32)

for theintegrated pair (i.e. pair 1), and

R a¢q(x L) gLo! q¢'(x L) e (1 e?dhg(x L)
2k2 L2(1 a?dY) 2 262 L2(1 a2¢Y 2 2k L1 a?dh

(A33)
for the non integrated pair (i.e. pair 2).

Proof of Lemma2. Pair 1isintegrated, and will optimally set {e, =0, E, = (q- L,,)/6}; thus ,, = (q-L,,)/6. Pair
2, isnon-integrated and will set{e,="'N'(q- L,,)/26,E,=(q- L,,)/26}; thus ,,= (1 + "**N')(q- L, ,)/26. Solving
the Nash-equilibrium gives (A32) and (A33). Q
The non-integrated pair, pair 2, must now determine the optimal retention N by solving problem (27), where the

Nash-equilibrium of the effort subgame is given by (A32) and (A33). By direct calculation, the optimal retention N

isnow given by:
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N" =0 for O#" #,, (L),

N"

N'(",L) for "o (L) <™ # ™y (L), (A34)
N"=1 for " $", (L),
where

L%(1 ) 2x%(2a? 1)
a?[4x? L2(1 2a?)]

$'(a,L) = (A35)

and "y (L), "', (L) are implicitly defined by setting N' (**, L) = 0 and N' (*", L) = 1, respectively. Customers
equilibrium profitsin the integrated, pair 1, and non-integrated pair 2 are given by:

oLt q?x[2x L(1 a?¢D)P
Rk L2 6P

(A36)

L KQX LY[22 D)1 e29!) 1]
€ 2[2x% L2(1 a?d!)]P

(A37)

Consider an (1,I) equilibrium. Integration is a symmetric Nash-equilibrium when wg' = 6q%/2(6 + L)? $ nléf. Let
O#" # ', (L), where N” = 0. By direct comparison, we have that nIC’I $ nlc"z" ifandonlyif0<L<1<(2+
2/3)"6/2. Consider now the caseinwhichwhere'', (L) <" # ", (L), whereN" = N' (**, L). Inthiscase, by direct

comparison, it may be verified that nIC’I $ ni;"z’ if and only if 'y, (L) <™ < By(L), where

B(L) = |3¥% L* J[k*(x? 2L2) 2L4[L* x*(2L° 5x2)] (A38)
(L) = 4x* 3L4

Finally, consider the casein which ** >"",, (L), where N" = 1. In this case, by direct comparison, it is easy to verify

that mg' $ ngd if andonly if ', (L) <** < B,(L), where

B,(L) = \j x(?® x® 3LI4,4K2 2L%)) (A39)

Definethen **\(L) /min{@; By(L) } if *"# ", (L),and "",(L) /min{@; B,(L)} if " >"";, (L).
Consider now a (N,N) equilibrium. Non-integration is a symmetric Nash- equilibrium when n$’¢ $ ni;‘f,
wheren®-® is defined in (A25) and NV isdefined in (27). Let O#"* # min{"", (L), "o (L)} sothat N" =NV =0,

In this case, by direct calculation it is easy to verify thatm®® = 3/(26 + 1?2 < (26 - L)%(262- L) = ng?. Thus, in

11



thisrange, (N,N) is not a Nash-equilibrium. Consider now "* such that max {**;, (L), "'y (L)} # " # « . Inthisregion,

we havethat N" = NV = 1. Direct calculation showsthat n&® $ nz?, if and only if

a2l ( a?)y2a? 1

at(a? 1)

1
2 (A40)

L > L(a)=

It easy to show that the inequality in (A41) is always verified for ** $ (3/2)*. Consider now N' (**,L, 6) and NN (*",
L, 6). Itiseasy to verify that N' (** = (3/2)*, L = 1, 6) > 1 for 6 > 2.31. Similarly, NN (*' = (3/2)* L =1, 6) > 1 for
6>2.16. Thisimpliesthatn®® >nt? for 6 $ 6,7 2.31. Letthen ""g(L) / max {""y (L), "o (L)}

Definenow ) ("*, L, 6) / n-® (", L, 6) - nz? (", L, 6). We have already shown that for ** # min { ", (L),
"o (L)} wehavethat ) ("', L, 6) < 0. If max {"",, (L), ""on (L)} # " # &, we have just shown that in this region we
have thatng"” >nIC"}’ for 6 $ 6,. Thus, there exists at least one "*(L) such that ) (**, L, 6) = 0. By direct numerical
calculation it may be shown that for 6 $ 2, thereis a unique value **(L) > 1 such that ) ("', L, 6) = 0. Define then
(L) suchthat ) (""y(L) , L, 8) = 0. Let now min{*"y (L), ""on (L)} <" <max{"", (L), " (L)}. If )(&,L,6)>
0, then, again, for 6 $ 2, by direct numerical calculation it may be shown that there exists at least one "*(L) such that
("', L,6) =0. Inthiscase, defineagain *"\(L) suchthat ) (*"y(L), L, 6) =0. If instead, ) (&, L, 6) <0, then define
")/ a.

L

®®and np' <nk? . Thus, the strategy combination in which

For " (L) <" < "\ (L) wehavethat ng? > 8
one customer chooses integration, while the other customer chooses non integrations is an asymmetric Nash-
equilibrium.

Finally, by direct differentiation, it may be verified that M"*,(L)/ML > 0, if 6 > 2.0402. Direct inspection of
(A24) also shows that M*"¢(L)/ML < 0. Q
Proof of Proposition 8. For '* < /2/2 we have N*" = 0. In thiscase, m,,= g%/26 > 30%/86 = my, and integration

isoptimal. 1f**$ /2/2, wehave N¥ (*") / 1-1/2""2. Inthis case

2 2
I q q° 4a 2a° 1 N
P 4 <1 - q
Mo S 16 ol M (A4D)
forif " $y/2(1 /5)/4, and non-integration is optimal. Q
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Table Al: Profitsunder Competition: The Integration and Non-Integration case (I-N)

if gS(6-L)/(6%L2S) < 1

SL2<62 SL*$6°
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Figure 1: Organization structure and the Nash-Equilibrium of the R& D game.
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Figure 4: The ownership and financing of innovation.
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