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Abstract

What drives the choice of financing/organization mode of R&D?
What the implications of property rights protection, and firm organi-
zational form? Within a setting where an established firm (incumbent)
and a new venture engage in R&D and compete in the product market,
we analyze the incentives to cooperate at the R&D stage, the incentive
schemes offered to agents, and the optimum financing mode of the new
venture. We show that: i) if an equilibrium is one where firms coop-
erate, then it is one where financing is provided by the incumbent; ii)
incentive schemes are costlier under cooperation. Cooperation is more
likely in organizations where agency problems are less severe, e.g. fam-
ily firms, and the riskier the R&D process; iii) if the R&D output is
patentable, cooperation is implemented ex-post via licensing and the
optimum financing mode has financing provided by a pure financial
institution.

Key Words: R&D; information sharing; financing; incentives.

JEL classification: D23; D80; G32.

*Piazza Scaravilli 2, 40126 Bologna, Italy



1 Introduction

R&D activity is performed according to different organizational forms and
financed according to different modes. In the Anglo-Saxon system, we ob-
serve a flourishing Venture Capital activity carried out by pure financing
institutions. At the same time we observe strategic alliances between com-
panies during the different stages of the R&D process as well as venture cap-
ital activity carried out by non-financing firms (corporate venture capital).
In the so called industrial districts, start-ups are nourished by the existing
(established) firms with the established firm playing the role of ”venture
capitalist”. What drives different financing/organization modes? What the
implications of property rights protection, i.e. innovation patentability and
subsequent licensing contract feasibility? And what the implications of firm
organizational form, like family firms versus more articulated structures with
well defined ”division of tasks” possibly prone to agency problems?

This paper attempts to tackle these questions. We examine a model
where an established firm (incumbent) and a new venture engage in R&D
and subsequently compete in the product market. We analyze the incentives
to cooperate at the R&D stage (i.e. share the R&D results), the incentive
schemes offered to agents, and the optimum financing mode of the new ven-
ture. We show that: i) if an equilibrium is one where firms cooperate, then
it is one where financing is provided by the incumbent; ii) agents’ incentive
schemes are costlier under cooperation. Cooperation is attained if the gains
achievable in a first-best world are not undermined by agency costs, and this
is more likely in organizational structures where agency problems are less
severe, like for example family firms, and the riskier is the R&D process; iii)
If the R&D output is patentable, then cooperation is implemented ex-post
via licensing and an optimum financing mode has financing provided by a
pure financial institution.

The leading explanation offered by corporations with regard to their
venture capital activity, is that start-up financing allows to achieve syner-
gies with the corporation’s core business. Indeed, it is very often the case
that both corporations and the new venture engage in R&D activity with
the ultimate goal of developing products that will be traded in the same
market. The value attained by these activities will be interdependent and

differ according to whether the parties engage or abstain from cooperation,



that is according to whether the synergies between their activities are ex-
ploited. We model cooperation as sharing the R&D results (information
exchange). Even though the two firms may compete fiercely in the final
product market, cooperation may still be beneficial in that it enhances the
likelihood that a marketable product will be developed. However, under
cooperation, a double moral hazard problem arises. Agents involved in the
R&D activity may wish to free ride on the rival’s activity, and this implies
that agents’ incentive schemes are costlier, because part of the surplus gen-
erated from cooperation accrues to agents. The Principal may not find it
optimal to offer such costly incentive schemes, since it suffers the cost and
shares the benefits with the counterpart via information exchange. Hold-
ing a stake in the counterpart’s venture allows the incumbent to internalize
part of these benefits, the greater the stake the greater the extent to which
the parties cooperate in maximizing the likelihood that the overall R&D
activity will indeed succeed. Maximizing the gains from cooperation sub-
ject to participation constraints being satisfied, i.e. subject to the parties
earning an expected payoff that does not fall below what they would obtain
by performing the ventures independently, then requires full financing being
provided by the incumbent. We then have the result that if cooperation is
optimal, i.e. if the benefits attainable in a First-Best world are not under-
mined by the agency costs that cooperation carries, then the investor will
not be a pure financial institution but rather the company whose business
is prone to synergies with the start-up. By contrast, if cooperation is not
optimal, then financing will be provided by a pure financial institution so
as to minimize information leakages to rivals. Whether cooperation is desir-
able, crucially depends on whether R&D results are patentable. If they are
patentable, then licensing will allow the parties to share the R&D results
ex post, since the licensor (the innovator) can give its rival (licensee) the
right to use the innovation in exchange for a fee. Licensing then allows the
two parties to use the R&D result in the product-development stage exactly
as with information exchange, without incurring in the free riding problems
that information exchange gives raise. Consequently, if the R&D output is
patentable, then the total surplus generated under no-information exchange
cum efficient licensing exceeds that attained under information exchange,
and the optimum financing mode has financing provided by a pure financial
institution.



These results may help explain different patterns of R&D financing across
sectors and countries. In sectors where innovations are primarily incremen-
tal in the sense that cannot meet patentability requirements, or are such
that ”inventing around” is likely so that the optimal strategy is not to pub-
licly disclose the innovation, as would be required by patenting it, we will
not find much of venture capital financing of the Anglo-Saxon type, but
rather cooperation among firms cemented by finance provision and equity
participations. The more so the lower agency costs, like for example in fam-
ily firms where principals and agents coexist in the same entity. Analogous
conclusions hold for countries where patent protection is limited.

The paper is linked to the literature on information sharing, and on ven-
ture capital. D’Aspremont et al. (2000), Bhattacharya et al. (1992), Katz
& Shapiro (1987) study the incentive for knowledge transfer in the context
of licensing. Severinov (2001) endogenizes R&D spillover across firms and
characterizes the contracts offered to employees that implement the desired
information flows between them. Bhattacharya and Chiesa (1995) contrasts
equilibria with bilateral bank-borrower ties, in which knowledge is not re-
vealed to product market competitors, with equilibria under multilateral
financing in which such knowledge may be shared among competing firms,
and studies the ex-ante optimal regime (bilateral/multilateral) when the
firms engaged in R&D need outside financing. This paper focuses on the
incentive-compatible provision of incentives for R&D that result from the
choice of the information regime and that of the financing mode, when R&D
financing can be provided internally (i.e. by the incumbent, the established
firm) and information flows cannot be controlled by third parties (in con-
trast to Bhattacharya Chiesa, 1995). Hellmann (2002) addresses the topic
of strategic venture investments by analyzing the competition for start-up
financing between a pure financial investor and a strategic investor, where
the latter is an established firm that owns an asset whose value is affected
by the new venture. This paper complements Hellmann (2002) in that the
performance of both ventures, the start up and the established firm, are
interdependent and endogenously determined by the financing mode.

The rest of the paper is organized as follows. Section 2 presents the
basic model. Section 3 derives the equilibrium financial arrangement for the
binary actions’” model. Section 4 extends the analysis to a continuum of
actions. Section 5 allows for patentability and analyzes licensing. Section 6



concludes.

2 The Model

2.1 The Setting

Consider a risk-neutral world with no discounting. An entrepreneur (E)
wants to start a new venture that requires an amount L, but has no wealth.
He can approach a competitive pool of independent venture capitalists (V C)
and/or a strategic investor. This is an incumbent (I) that differs from VC' in
that he owns a venture whose performance interacts with that of the entrant:
the entrant’s venture performance depends on the incumbent’s venture per-
formance and viceversa. Both ventures consist of two stages, a research stage
and a subsequent development stage that, if successful, delivers a new mar-
ketable product. The research result, r;, i = F, I, can be either unsuccess,
(), or success, in which case the research activity delivers an output (k) , this
output is a necessary input for the subsequent (development) stage. The
development stage, which takes place if and only if the firm has the research
output k, succeeds with probability P no matter the firm’s identity (whether
the firm is that of the entrant or the one of the incumbent). If both firms are
successful at the development stage, then Bertand competition drives prof-
its to zero. If one of the two firms is the only one that is successful at the
development stage, then its payoff is V', and that of its competitor is zero.
This is summarized in Table 1, where E (Vg|..), E <I71| denote the ex-
pected value of the venture, conditional upon the availability /unavailability
of the research output (k/0), of the entrant and of the incumbent, respec-
tively; V¢ = P(1 — P)V | is the expected value of the venture conditionally
upon both the entrant and the incumbent having the research output k,
i.e. conditionally upon both the entrant and the incumbent entering the
development stage; V = PV is the expected value of the venture that has
the research output k (enters the development stage) conditionally upon its
rival not having the research output, i.e. conditionally upon its rival not
entering the development stage.

Table 1 About Here



The incumbent is an established firm where the entrepreneur (Principal)
delegates the research activity to an agent (the research department). The
agent is risk neutral but limited liable, his reservation utility is zero. The
agent’s choice of action determines the probability of success of the research
stage. The research result is £ with probability a :

a € {0,p}

where
O0<p<l1

The agent’s cost of action, c(a), is :

cla = p)=c
cla = 0)=0

where c is a strictly positive non-pecuniary cost. We can think of a = p as
the agent exercising effort.

By contrast, the entrant is directly involved in the research process, this
succeeds with probability 0 < ¢ < 1 provided that the entrant invests the
cash-outlay L.

Suppose that the entrant can enter the development stage if and only if
his research stage is successful, and similarly for the incumbent, and that
the latter elicits the agent’s effort (a = p). Then the expected value of the
entrant’s venture is

¢ pVe+Q1-p)V] ,
and that of the incumbent’s venture is:

p[ch+(1 —q)V] .

We assume that:

q[ch+(1—p)W—L>0 (1)

p[ch+(1—q)W—c>O, (2)

i.e. the net present value of the entrant’s venture, conditionally upon the
incumbent’s eliciting the agent’s effort, is positive (by (1)); and the net



present value of the incumbent’s venture, conditionally upon effort elicitation
at the cost ¢, is positive (by (2)).

In principle, even if the incumbent’s research is unsuccessful he can still
enter the development stage if the entrant’s research succeeds and this (suc-
cessful) result is disclosed to him, and similarly for the entrant. We shall
assume that the research result is non-patentable (but see Section 5) and
hence a spot market for the research result is unfeasible. However, we shall
allow for the feasibility of information exchange (ex-ante) agreements. The
potential benefit of the incumbent of agreeing ex-ante to information ex-
change arises from the possible occurrence of the state in which his research
fails and that of the entrant succeeds. Then the incumbent’s expected payoff
under no-information exchange is nil, whereas given information exchange
is V¢ = P(1 — P)V. The potential benefit of the entrant from ex-ante
information-exchange agreement shares the same roots, but it is there pro-
vided that the incumbent finds it incentive compatible to elicit the agent’s
effort (in which case the incumbent’s research activity succeeds with proba-
bility p). If this were not the case, i.e. if the incumbent would save on costly
elicitation of effort, then his research would fail for sure. The information-
exchange agreement would de facto be one where the entrant unilaterally
transfers his research result to the incumbent. The following assumption
rules out that this can be part of an equilibrium:

{apV'+(1-pV]-L}+{p[aV'+(1—-qV] —c} >SSy, (3)

SSao=1{gVe =L} +qV*

The expression in the left-hand side of (3) is the expected social sur-
plus, i.e. the sum of the net-present value of the entrant’s and incumbent’s
ventures, or equivalently the sum of the entrant’s and incumbent’s expected
payoffs, which is attained under no-information exchange and effort elicita-
tion by the incumbent at the cost ¢; SS aEzo is the expected social surplus that
would be attained under information exchange and no effort elicitation by
the incumbent, i.e. a = 0 — the incumbent’s research fails for sure. Suppose
that under no-information exchange the incumbent elicits the agent’s effort
and that effort elicitation costs ¢, then (3) implies that no-information ex-
change Pareto dominates information-exchange agreements that do not lead



to effort elicitation. We assume that (3) holds, by so doing we rule out the
trivial outcome that information exchange is always part of an equilibrium.
Inequality (3) can be written as:

c<’¢ (3.a)

t=PVp—q+2(1—-p)P],

that is (3) is an upper-bound constraint on ¢, the agent’s cost of exer-
cising effort.

In a first best world where everything is observable and contractible, the
incumbent can pre-commit contractually to elicit the agent’s effort and the
agent can commit to exert effort in exchange for compensation c¢. We prove
below that in a first best world: i) the parties would agree to information ex-
change when the development stage is sufficiently risky, that is when P, the
probability according to which the development succeeds, satisfies P < %;
ii) the choice of the source of financing, whether the entrant raises financing
from the VC or the incumbent, is disjoint from the choice of information
exchange.

2.2 The First Best Outcome

Consider a first-best world where everything is observable and contractible:
the agent can commit to exert effort in exchange for compensation ¢, and
the incumbent can pre-commit contractually to elicit the agent’s effort.
Consider an information exchange agreement with precommitment of
the incumbent to elicit the agent’s effort. Given this agreement, both the
entrant and the incumbent will enter the development stage whenever at
least one of the two research activities succeeds, this occurs with probabil-
ity [1 — (1 —p) (1 — ¢)] . Moreover, in a first-best world the agent’s effort is
elicited at the cost ¢ (because agent’s actions are contractible). The net

present value of the incumbent’s venture is then 7TIE*:

=l -(1-p)(1-q]Vi-c

and that of the entrant is Wg*:

T =-(1-p)(1-q]V—L.



Under a regime no-information exchange, the net present value of the in-

cumbent’s venture is 7TJIV B

P =pqVe+(1—q) V] —c

and that of the entrant is WgE*:

7rN =q [pVC T L.
The parties will agree to informatlon—exchange (cum agent’s effort elici-
tation) if and only if:

,NIE'* Z W]IVE*
ﬂ_g* Z 7_‘_gE*
That is iff:
SSET > ggNEx (4)
where:

SSP = wl pml = 1= (1—p) (1 — )] 2V° = (c+ L)

is the expected social surplus attained under information exchange and effort

elicitation at the cost ¢; and

SNE = Bramp ™ = {q [pVe+ (L= p)V] - L}+{p[sV* + (1 - V] — ¢}

is the expected social surplus attained under no-information exchange.
Inequality (4) holds if and only if

[g(1=p) +p(1—q)][2V°=V] >0 (4.a)
that is iff 2V¢ >V , which is true iff:
2P(1— P)V > PV (4.b)

where P is the probability according to which the development stage is suc-
cessful, V' is the firm’s revenue conditionally upon being the only successful

product developer.



Lemma 1 In a First-Best world the incumbent elicits the agent’s effort and
this costs c, the entrant undertakes the project, and when P < %, the parties

agree to information-exchange .

Proof. Directly from (1) — (2) and (4.0). W

In the first-best world, the incumbent can precommit contractually to
elicit the agent’s effort. Information exchange agreements that lead to ef-
fort elicitation are then feasible independently of the entrant’s source of
financing. That is, in the first-best world, the choice of the source of financ-
ing, whether the entrant raises financing from the VC or the incumbent, is
disjoint from the choice of information regime.

2.3 Feasible Contracts

We depart from the first-best world. The set of contracts that can be en-
forced is restricted because: i) the agent’s choice of action is unobservable;
ii) the incumbent cannot precommit to elicit the agent’s effort. However,
projects’ terminal payoff realizations (either V' or 0) are observable and veri-
fiable, that is incentive schemes for the agent can be conditioned on projects’
terminal payoffs. Moreover, research results are non-patentable (see Section
5 for the implications of patentability).
Figure 1 describes the sequence of choices and events.

Figure 1 About Here

We shall see that, in contrast with the first-best world, the possibility of

information exchange affects the choice of the financing mode.

3 Equilibrium Financing Mode

This section derives the equilibrium financing mode and more generally the
solution attained in the second-best world of non-contractibility of actions
and non patentability of research outcomes. As it will become clear soon,
the relevant (undominated) financing modes are Incumbent’s financing cum
information exchange and VC financing with no interaction between the
incumbent and the entrant (no-information exchange). We shall refer to the
latter simply as VC financing.

10



3.1 VC Financing

Consider VC financing, the net present value of the entrant’s venture, condi-
tional upon the incumbent undertaking the project (i.e. eliciting the agent’s

: VC.
effort), is 7%

¢ =q[pVe-(1-p)V] - L, (5)
this is strictly positive (by (1)).

Now consider the incumbent. If he elicits the agent’s effort then the
maximum expected payoff he gets equals the expected value of the firm’s
terminal value, i.e. ¢ [pVC —(1-p) W, minus the expected cost of eliciting
the agent’s effort. Consider an optimum incentive scheme, this minimizes
the Principal’s (incumbent’s) cost subject to the constraint that the agent
exerts effort.

Lemma 2 Under no-information exchange, the optimum incentive scheme
costs the incumbent c.

Proof. See the Appendix. W

Under no-information exchange, the efficient-incentive-compatible re-
ward scheme satisfies the agent’s participation constraint at equality. The
expected payoff to the incumbent conditional upon eliciting the agent’s ef-
fort then equals p [¢V° — (1 —q) V] — ¢; this is strictly positive (by (2)). If
the incumbent does not elicit the agent’s effort, then his research activity
fails for sure and he cannot enter the development stage, i.e. his payoff is
nil. It then follows that, given the entrant resorting to VC financing, the
incumbent finds it optimal to elicit the agent’s effort. We then have that,

under VC financing, the incumbent’s expected payoff is W}/C:

¢ =plaVi-(1-q)V] —c (6)

and that of the entrant is 7},¢ as given by (5).

It follows from (5) and (6) that the entrant’s and the incumbent’s payoff
under VC financing are identical to the payoffs they would earn in the first-
best world by not agreeing to information exchange (by comparison with
7y E* and 7¥E*). Under VC financing, the social surplus (the sum of the
entrant’s and incumbent’s net present value ventures, or equivalently, the

sum of the entrant’s and incumbent’s expected payoffs) is then SSVC:

11



SSVC =mpC4nyC ={q[pV°+ (1 —p)V] - L}+{p[¢V°+ (1 — 9)V] — ¢},
(7)

identical to SSNE*— the no-information exchange first-best social surplus .

3.2 Incumbent’s financing cum information exchange and
equilibrium financing mode

The previous section has established that VC financing is viable and that VC
replicates the payoffs the parties would attain in the first-best world under
no-information exchange. The issue to be addressed is whether incumbent’s
financing cum information exchange (IE) can dominate VC financing, and
more generally be the equilibrium financing mode.

Suppose the equilibrium financing mode is IE, and let 7TIEE , WfE denote
the entrant’s and the incumbent’s expected payoffs in such an equilibrium.

Necessarily 7TIEE , ﬂfE satisfy:

L (8)

U (9)

That is, if IE is an equilibrium financing mode, then necessarily: i) it
satisfies inequality (8), i.e. it provides the entrant with an expected payoff
which does not fall below what he would earn under VC financing; and
ii) it satisfies inequality (9). That is, IE gives the incumbent an expected
payof, WfE , which is not lower than what the incumbent would obtain by
not agreeing on IE, in which case the entrant would raise VC financing and
the incumbent would earn W}/C.

We shall refer to (8) as to the entrant’s participation constraint, and to
(9) as to the incumbent’s participation constraint; the constraints that must
necessarily be satisfied for IE to be the equilibrium financing mode. Clearly,

if (8)-(9) hold, then necessarily:
SSIE = plb 4 7B > §6VC = 7V C 4 7Y€ (10)

where SSE denotes the social surplus, the sum of the entrant’s and

incumbent’s expected payoffs (or equivalently, the sum of the entrant’s and

12



incumbent’s net-present value ventures), which is attained under IE (in-
cumbent financing cum information exchange); SSV¢ is the social surplus
attained under VC financing as given by (7).

Suppose that under IE the incumbent does not elicit the agent’s effort,
then SS'% equals the sum of the entrant’s and incumbents’ net-present value
ventures conditional upon information exchange and no-effort elicitation, i.e.

SSIE = SSIE = {qV° — L} +qV° ,
and the necessary condition (10) fails to hold:

SSIE < 8SVC  (by (3)) . (11)

That is, because of (3), VC financing Pareto dominates an IE such that the
incumbent does not elicit the agent’s effort (incumbent’s research fails for
sure).!

Lemma 3 If the equilibrium financing mode is IE, then necessarily IE
provides the incumbent with the incentive to elicit the agent’s effort.
Proof. By contradiction. If under IE the incumbent does not elicit the
agent’s effort, then condition (10) fails to hold (by (3)), and IE cannot

possibly satisfy the parties’ participation constraints (8)-(9). B

This establishes that for IE to be the equilibrium financing mode it must
necessarily be that the incumbent finds it optimal to elicit the agent’s effort,
despite the information exchange agreement embedded in TE. That is, it
must be that the incumbent’s expected payoff by eliciting the agent’s effort
and thus entering the development stage with probability 1 — (1 — p) (1 —¢q),
does not fall below what he would get by free riding on the entrant’s research
activity, i.e. the payoff he would get by not eliciting the agent’s effort and
still entering the development stage with probability ¢, the probability that
the entrant’s research activity succeeds (and transferred to him thanks to
the information-exchange agreement).

Let (,S), where S > L, and a < 1, denote an IE contract. The
contract whereby the incumbent gives the entrant, at the initial date, the

If parameter values were such to violate inequality (3), if ¢ were higher than €, then
information-exchange agreements that do not lead to effort elicitation (the incumbent’s
reasearch fails for sure) would Pareto dominate VC (no-information exchange): informa-
tion exchange would always be part of an equilibrium.

13



amount S not lower than L in exchange for the share o <1 of the entrant’s
revenue realization at the terminal date, and the parties agree to information
exchange. The incumbent’s expected payoff by not eliciting the agent’s effort
is 71E (a = 0) :

i a=0)=¢V:(1+a)-5, (12)

indeed under information exchange, with no-effort elicitation both the en-
trant and the incumbent will enter the development stage with probability
q, the probability that the entrant’s research succeeds, and the expected rev-
enue of each venture, conditional upon both the entrant and the incumbent
entering the development stage, is V°. Conditionally upon the entrant’s
research succeeding, the incumbent will then expect to earn V¢ from his
venture and oV from his stake in the entrant’s venture. His expected pay-
off by not eliciting the agent’s effort is then ¢V ¢ (1 + «) minus the transfer
payment S to the entrant.

If the incumbent elicits the agent’s effort, then the probability of earning
Ve(1+ ) raises from ¢ to [1 — (1 —p)(1 —¢q)], but he incurs the cost of
offering the agent an incentive-compatible contract. Lemma 4 below gives
the cost of the optimum incentive scheme, i.e. the agent’s reward scheme
which minimizes the incumbent’s cost subject to the constraint that the
agent finds it incentive compatible to exert effort.

Lemma 4 Under information exchange, the optimum incentive scheme
costs the incumbent ¢ + A, A = [ﬁ c.
Proof. See the Appendix. W

A is the extra reward to be given to the agent in order for him to prefer
"effort” to ”shirking” (free riding on the entrant’s research). The key is in
that the agent can be induced to exert effort by rewarding him when the
firm’s terminal value is V', because incentive schemes cannot be conditioned
on actions but rather on revenue realizations, i.e. either V or 0. Under
information exchange, the agent’s expected payoff by shirking is strictly
positive, it amounts to A. Indeed, even though the incumbent’s research
fails for sure, the firm can still enter the development stage (attain V' with
probability P(1—P)) whenever the entrant’s research succeeds. An incentive
compatible contract then pays the agent the rent A. Not surprisingly, the
higher ¢ — the probability that the entrant’s research succeeds — the higher
the extra reward A.

14



The incumbent’s expected payoff by eliciting the agent’s effort is then

¥ (a = p):

T a=p)=1-1-p)AL-q]V(1+a)=[c+A]-S5 (13)

The incumbent finds it optimal to elicit effort if and only if:

m"(a=p) 27" (a=0) (14)

Inequality (14) is the incumbent’s incentive constraint, the constraint
that must be met in order for the incumbent to elicit the agent’s effort
under IE. Using (12)-(13), the incentive constraint (14) can be written as:

1-(1-p)A-q]V(l+a)—[c+A]>qVi(l+a) . (14.a)

Lemma 5 Under information exchange, the incumbent finds it optimal
to elicit the agent’s effort if and only if the share of the entrant’s revenue

accruing to him satisfies:
a > ae (14.b)

c+ A
p(1 —q)Ve
Proof. Under information exchange, the incumbent finds it optimal to
elicit the agent’s effort if and only if inequality (14.a) holds. (14.a) holds iff
a>ac. 1

ajo =

Let aje > 0, then a corollary of Lemma 5 is that profit sharing is a
necessary element of an information exchange agreement.

Conditionally upon the incumbent finding it optimal to elicit the agent’s
effort under information exchange, i.e. conditionally upon a > aj¢ (by

Lemma 5), the entrant’s and the incumbent’s expected payoff under IE are

respectively 71F (a = p), 71F (a = p):

i (a=p)=[1—(1-p)L-q]V(l—a)+(S-1L), (15)

T a=p)=[1-(1-p)1-q]Ve(l+a)=[c+A]-5. (16)

15



where in (15), (S — L) is the transfer payment net of the cash outlay required
by the entrant’s project; (S — L) accrues to the entrant.

Lemma 6 I[FE is the equilibrium financing mode if and only if there
exists an (o, S) that satisfies the entrant’s and the incumbent’s participation
constraints (8)-(9), the incumbent’s incentive constraint (14.b) and the
feasibility constraints o <1, S > L; that is iff:

nif (a=p) > 7" (8.2)
mi (a=p) >7]° (9.2)
1>a>ac (17)
S>L (18)

Proof. Necessity follows by Lemmas 3 and 5, and because if IE is an
equilibrium, then necessarily it makes both the entrant and the incumbent
better off with respect to VC (it satisfies participation constraints (8.a)-
(9.a)). Sufficiency: suppose that parameter values are such that (a, S) that
satisfy (8.a)-(9.a), (17) and (18) do exist. Then IE arrangements that make
both parties better off with respect to VC, i.e. Pareto improving IEs, do
exist. Because this is common knowledge (information is symmetric), there
will be a Pareto improving IE the parties agree upon. W

Clearly if participation constraints (8.a)-(9.a) hold, then necessarily:

m (a=p) + 71" (a=p) 275" + 7], (19)

The right-hand side is the social surplus attained under VC; that is,
7hC + 7Y = SSVC as given by (7). This is identical to the no-information

exchange first-best level SSNF*,

The left-hand side is the social surplus
attained under an IE arrangement that leads to effort elicitation by the

incumbent. Let it be named SS’C{EP; by using (15), (16), S’SL{EP:

SSIE, =xtf (a=p)+7} (a=p)=2[L— (L—p) (1= q)] V' —[c+ A] — L
(20)

16



S,S'éfp equals the social surplus that would be attained in the first best
world under information exchange, i.e. SS%*, minus the ”extra reward” A
to be given to the agent for him to exert effort:

SSIE, = 58P — A (20.a)

Inequality (19) can then be written as:
SSE*x — SN > A (19.a)

or equivalently:

[q(1—p)+p(1—q)[2V--V]=A. (19.b)

The left-hand side is the ex-ante gain generated by information exchange in
the First Best world; this is positive iff the development stage is sufficiently
risky, that is iff P < % (by Lemma 1). A = [Iﬁ} c is the agency cost of
eliciting effort under information exchange in a Second Best environment of
non contractibility of actions.

Lemma 7 An (a,S) that satisfies the conditions at Lemma 6, i.e.

inequalities (8.a),(9.a), (17) and (18), exists if and only if inequality (19.b)
holds.
Proof. Necessity: if inequality (19.b) fails to hold, then participation con-
straints (8.a)-(9.a) cannot possibly hold. Sufficiency: if inequality (19.b)
holds, then simple calculations show that: i) ajc < 1, that is the incum-
bent’s incentive constraint « > aj¢ does not violate the feasibility constraint
a < 1; and ii) there always exist a and S, where 1 > a > aj¢ and S > L,
that satisfy (8.a)-(9.a), or equivalently:

1-1-p)A-qlV(1-a)+S>q[pV*=(1-p)V] (8.b)

1-1-p)A-qlV(1+a)-A=-S>p[gV°—(1-q)V] . (9b)

|
The key to Lemma 7 is in that S can exceed L (by (18)) and this implies
that the incumbent’s incentive constraint o > ajc does not bite, that is the
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only constraints that bite are the parties’ participation constraints (8.a)-
(9.a). Indeed, one can always increase « (satisfy the incentive constraint
a > ap¢) and still keep parties’ payoffs unchanged by increasing S, the
transfer payment from the incumbent to the entrant, so as to offset the
entrant’s (incumbent’s) loss (gain) that results from the increase in a.?

It then follows by Lemma 6 and Lemma 7 that IE is the equilibrium
financing mode if and only if inequality (19.b) holds. Indeed, provided that
condition (19.b) holds IE arrangements that satisfy the conditions at Lemma
6 do exist (by Lemma 7), and hence IEs that make both parties better off
with respect to VC, i.e. Pareto improving IEs, do exist (by Lemma 6).
Because this is common knowledge (information is symmetric), there will
be a Pareto improving IE the parties agree upon.

Using V¢ = P(1—P)V, and V = PV, condition (19.b) can be rewritten
as:

Vig(1—p)+p(1-q)] (P-2P*) —A>0
which holds for P that satisfies:

P<P<P (21)
Q-+ (02 — 80A)7
— O+ -
P= - (22)
1
Q- (22— 80A)*
p=2 (23)

Q=VI[g(1—p)+pl—q)]

This leads to:

Proposition 1 When P € [E, ?], financing is provided by the incumbent
and the parties agree to information exchange. When P ¢ [B, ﬁ] , financing
is provided by Venture Capitalist and the parties do not cooperate.

2If S were constrained to be equal to L, then condition (19.b) would be necessary but
no more sufficient.
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For P ¢ [B, ﬁ], the ex-ante gain generated by information exchange

in the First-Best world exceeds A = [ﬁ} ¢, the agency cost of eliciting
effort under information exchange in a Second Best environment of non
contractibility of actions: The equilibrium financing mode is IE. Both P
and P depend on A, and

A=0: P==,P=0

| —

- 1
VA >0: 0<£<P<§,

that is were agency problems absent, like for example in family firms where
the principal and the agent coexist in the same entity, then P < % would
be necessary and sufficient for ex-ante optimality of information exchange.
With agency problems, the set of parameter values such that information
exchange is attained shrinks. Information exchange is attained if the devel-
opment stage is risky, but not "too” risky, i.e. iff P € [ﬂ, ?]. Indeed, if
P is sufficiently low so as to satisfy P < P, then the expected value of the
venture under information exchange, V¢ = P(1 — P), is "too” low to make
it worthwhile to incur the incremental cost A which is required for eliciting
the agent’s effort under information exchange.

When P € [B , ﬁ] , the equilibrium financing mode is an IE. The IE, that
is the (o, S), the parties agree upon will be the result of bargaining under
symmetric information, where in the no-agreement point the parties’ payoffs
are the payoffs that would be attained under VC.? Such IE is characterized
in the Appendix (Equilibrium (full-financing) IE).

Few observations are in order. Strictly speaking, for P that lays out-
side the interval [ﬂ, ﬁ], VC dominates IE. Proposition 1 states something
stronger, i.e. that VC is the equilibrium financing mode. This is true if in
this range, no arrangement can dominate VC. This is clearly the case: for P
¢ [B, F] , arrangements that involve information sharing are dominated by
VC, because of (3) and because (19) fails to hold. That is, because the social
surplus, the sum of the entrant’s and incumbent’s net-present value ventures
(or equivalently, the sum of the entrant’s and incumbent’s expected payoffs),
which is attained under information exchange is lower than that attained

3Indeed, if either party refuses to agree on IE, the entrant’s optimal strategy is still to
undertake the project and hence to raise financing from a venture capitalist.
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under no-information exchange. Then in this range, the relevant alterna-
tive to VC financing is incumbent’s financing with no-information exchange.
This cannot dominate VC and is strictly inferior if the financial relationship
between the incumbent and the entrant gives raise to information spillover.
For P € [ﬂ, ﬁ], an equilibrium financing arrangement is necessarily one
where the parties agree to information exchange and the incumbent holds a
stake in the entrant’s venture sufficiently large so as to satisfy the incentive
constraint a > aj¢ (because (19) holds). For P € [P, P|, an equilibrium
(full-financing) IE, an («, S) with S > L, always exists and is characterized
in the Appendix. However, if the entrant’s financing need, L, is sufficiently
large, then there exists a payoff-equivalent (partial-financing) IE where the
incumbent provides part of the financing, S < L, in exchange for a share
a > ajco and the remaining L — S is provided by a venture capitalist (see the
Appendix). That is for P € [B, ﬁ], if L is sufficiently large then incumbent
financing cum information exchange can coexist with VC financing. How-
ever this coexistence result is specific to the binary actions’ model, with a
continuum of actions it does not survive.

4 Continuum of actions

We have characterized the solution under the simplifying assumption that
the agent has a binary actions’ choice, a € {0,p}. We illustrate below the
implications that result from a continuum of actions. The main point to
be made is that the (possible) coexistence of incumbent’s financing and VC
financing does not survive.

Suppose that the agent chooses the probability of success of the research
stage, p, within the unit interval, that is

p€l0,1]

The agent’s cost of effort /probability p is ¢(p) continuously differentiable,
non-negative, increasing and convex: Vp € (0,1], ¢(p) > 0, d(p) > 0, ' (p) >
0. Moreover, ¢(0) =0, ¢(0) =0, lii>nlc(p) = 00.

Lemma 8 The minimum copst of eliciting effort level p under infor-
mation exchange, C (p|E), equals the minimum cost of eliciting p under
no-information exchange, C (p|NE), plus the agent’s rent A (p) increasing
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m p:
C(plE) = C(pINE) + A(p)

C (pINE) = pd(p)
Ap) = 3qc'<p>

1
Proof. See the Appendix.

Suppose that the parties have agreed to exchange information and that
the incumbent is entitled to the share a of the entrant’s revenue, then the
incumbent will offer the agent the incentive scheme that elicits effort level

PP (a):

PP (a) = arg;naX{[l —(1-¢(1=p)]V:(1+a)-CplE)} (24)

p¥ () satisfies the first-order condition:

_ 9C(plE)

(=g Ve(lta) ===

(25)
the left-hand side of (25) is the incumbent’s marginal benefit of effort; the
right hand side is the marginal cost of effort, and it is increasing in p (because
C(p|E) is convex in p). Hence, p¥ (a) is increasing in a: the higher the share
of the entrant’s revenue that accrues to the incumbent, «, the higher the
benefits to the incumbent of eliciting effort, the higher the effort level he finds
it optimal to elicit and hence the higher the social gains from cooperation.

Let SS¥ (a) denote the social surplus generated under information ex-
change, when a share 0 < a < 1 of the entrant’s revenue accrues to the
incumbent. This is given by:

§§%(a)=[1-(1—-q) (1-p" ()] 2V = C@" (@) |E) =L  (26)

Lemma 9 SS () is monotonically increasing in «.
Proof. Because p” (a) is the solution to (24), and a < 1. W

It follows by Lemma 9 that the gains from information exchange are
maximized by maximizing the share of the entrant’s venture accruing to
the incumbent. This amounts to minimizing the share accruing to outside
financiers, and hence to having the incumbent being the only funds’ provider.
Since the equilibrium financing mode is necessarily that which maximizes
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the social surplus (by the same reasoning as in Section 3), we immediately
have:

Lemma 10 If information exchange is part of an equilibrium, then
financing is provided entirely by the incumbent.

With a continuum of actions, the coexistence of VC financing and incum-
bent’s financing cannot be an equilibrium. The equilibrium financing mode
is either VC financing or incumbent’s financing cum information exchange.
The latter occurs iff the ex-ante gains from information exchange exceed
agency costs (by the same reasoning as in Section 3). If this is the case
then the equilibrium financing mode is full-financing IE, that is an («, .S)
with S > L. The IE the parties agree upon is that which results from bar-
gaining along the lines illustrated in the Appendix for the derivation of the
full-financing IE in the binary actions’ model.

5 Patentability and Licensing

Suppose the research output is patentable. Then licensing will allow the
parties to share the research result ex post, since the innovator (licensor)
can give its rival (licensee) the right to use the innovation in exchange for a
fee. Suppose that the parties have not engaged in information exchange and
that one of them is successful at the research stage, then the status quo will
be one where the expected payoff of the successful firm (licensor) is V' and
that of its rival (licensee) is nil. If the innovation is licensed, then each of
the two firms will earn V¢ in expected value. Therefore, licensing is efficient

if:
Ve >V
or equivalently if:

P<

DO =

which is exactly the same condition required for information exchange being
optimal in a First-Best world (Lemma 1).

Licensing is a perfect substitute for information exchange: it allows
both firms to use the research result in the product-development stage, ex-
actly as with information exchange. Moreover, because the agent’s reward
can be conditioned on the patent being attained, the minimum expected
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cost of eliciting effort p under licensing, C(p|L), is exactly the same as
that under no-information exchange, i.e. C(p|L) = C(p|NE), whereas the
minimum expected cost of eliciting effort p under information exchange is
C(p|E) > C(p|NE) = C(p|L) (by Lemma 8), because under information
exchange, the agent can free ride on the rival’s research activity. Thus,
if the research output is patentable, the total surplus generated under no-
information exchange cum efficient licensing exceeds that attained under
information exchange. Since the equilibrium financing mode is necessarily
that which maximizes the social surplus, we have:

Proposition 2 If the research output is patentable, then information ex-
change is implemented ex-post via licensing and the equilibrium financing

mode s Venture Capital financing.

6 Conclusion

Venture financing is provided not only by purely financial investors, but also
by corporations whose business is related with those of the new ventures be-
ing financed. Does the identity of the investor matter, and what drives the
choice of the financing mode? The answer provided by this paper is that
corporate financing cements cooperation between the corporation and the
start-up. The choice of the investor is then a by-product of the choice about
whether to cooperate or not. We have modelled cooperation as sharing re-
search results (information exchange). Even though the two firms may com-
pete fiercely in the final product market, cooperation may still be beneficial
in that it enhances the likelihood that a marketable product will be devel-
oped. However, cooperation gives raise to a double moral hazard problem.
Agents involved in the research activity may wish to free ride on the rival
and this implies that incentive schemes become costlier. Holding a stake
in the counterpart’s venture allows the incumbent to internalize part of the
benefits, the greater the stake the greater the extent to which the parties
cooperate in maximizing the likelihood that the overall research activity will
succeed. Maximizing the gains from cooperation then requires full financing
being provided by the incumbent. We then have the result that if coop-
eration is optimal, i.e. if the benefits attainable in a First-Best world are
not undermined by the agency costs that cooperation carries, then the in-
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vestor will not be a pure financial institution but rather the company whose
business is prone to synergies with the start-up. Whether cooperation is de-
sirable, crucially depends on whether research results are patentable. If they
are patentable, then licensing will allow the parties to share research results
ex post, since the licensor (the innovator) can give its rival (licensee) the
right to use the innovation in exchange for a fee. Licensing then allows the
two parties to use research results in the product-development stage exactly
as with information exchange, without incurring in the free raiding prob-
lems that information exchange gives raise. Consequently, if the research
output is patentable, then the total surplus generated under no-information
exchange cum efficient licensing exceeds that attained under information
exchange and the equilibrium financing mode has financing provided by a
pure financial institution.
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Appendix

Proof of Lemma 2

Let Z denote the payment from the incumbent to the agent in the event
that the firm’s terminal value is V. Then, under no-information exchange,
the incumbent’s minimum expected cost of eliciting the agent’s effort is the
solution of the following problem:

min{p[gP (1 - P) + (1 —q) P] Z} (A1)
s.t.
p=argmax{a[¢gP(1—P)+(1—q)P|Z —c(a)} (A.1a)
ac{0,p}
plaP (1= P)+(1—q) P1Z— >0 (A.1b)

(A.la) is the agent’s incentive constraint, (A.1d) is the agent’s partici-
pation constraint conditionally upon action @ = p. At the optimum, (A.la)
binds:

plgP(1—P)+(1—q)P]Z—c=0 , (A.2)

and this implies that the agent’s expected payoff equals his reservation util-
ity. Let Z* denote the solution to the minimization-cost problem (A.1). The
incumbent’s cost of eliciting the agent’s effort is c:

plgP(1-P)+(1—q) Pl Z" =c (by (A.2)).

Lemma 2 is proved W

Proof of Lemma 4
Under information exchange, the incumbent’s minimum expected cost
of eliciting the agent’s effort is the solution of the following problem:

min {[1 - (1-p) (1 - ¢)] P(1~P)Z} (A.3)
s.t.
p=argmax{[l—(1—a)(1—q)|P(1—-P)Z —c(a)} (A.3a)
ac{0,p}
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1-(1-p(1-q¢|P1-P)Z—-c>0 (A.3b)

where Z is the payment from the incumbent to the agent in the event that
the firm’s terminal value is V. (A.3b) is the agent’s participation constraint
conditionally upon action a = p. (A.3a) is the agent’s incentive constraint,
this can be written as:

1-1-p(1-q)P1-P)Z—-c>qP(1-P)Z (A.3c)

The right-hand side of (A.3c) gives the agent’s expected payoff by exercising
no effort (i.e. @ = 0), in which case his expected payoff is strictly positive, i.e.
it is P (1 — P) Z, whenever the entrant’s research is successful, this occurs
with probability q. The left-hand side of (A.3c) gives the agent’s expected
payoff by exercising effort (i.e. a = p); by exercising effort the probability
according to which his expected payoff attains the strictly-positive value
P (1 — P)Z raises from q to [1—(1—p)(1—¢q)] = q+ (1 —¢)p, but he
suffers the cost c.

At the optimum, the incentive constraint is binding, but since by ex-
ercising no effort the agent free rides on the entrant’s result, his expected
payoff exceeds his reservation utility (the participation constraint is slack).
The solution to the minimization-cost problem (A.3) is Z*:

~p(l—g) [P(1—P)]

The expected cost of eliciting the agent’s effort, is thus:

Z*

1-(1-p(1-q]P1—-P)Z"=c+ [ﬁ]c.

Lemma 4 is proved W

Equilibrium (full-financing) IE

Let condition (19.b) hold, or equivalently P € [P, P]. Then because the
social surplus (the sum of the incumbent’s and entrant’s expected payoffs)
attained under IE exceeds that attained under VC, SS’CILEP > SSVC, there
is scope for the parties to reach an IE agreement that makes both of them
better off with respect to VC. Let u be the entrant’s bargaining power,
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the incumbent’s bargaining power is (1 — p). By standard arguments, in
the equilibrium of the bargaining game, the entrant’s and the incumbent’s

payoffs are 71F (a = p), 71F (a = p) :
T (a=p) =mp° + p[SSLE, — SSVC] (A.4)
i (a=p)=a)%+ (1 —p)[SSE, — 55V (A.5)

where W%C, ﬂ}/c are respectively the entrant’s and the incumbent’s pay-

offs in the no-agreement point (VC financing); SSC{EP is the social surplus
attained under an IE such that the incumbent elicits the agent’s effort,

SSIE, is given by (20):

SSIE =nif (a=p)+ni¥ (a=p)=2[1— (1—p) (1 -] V°—[c+ A]-L;

SSVC is the social surplus attained under VC, that is
SSVE = ﬂgc + ﬂ}/c

as given by (7); the expression [S’Séfp — 85V = [(S5F* — A) — SSNE*]
is then the gain generated by agreeing to an IE that provides the incumbent
with the incentive to elicit the agent’s effort. This gain is positive under our
maintained hypothesis that (19.b) holds. The IE the parties agree upon
is (a, S) such that parties’ payoffs are 7iF (a = p), 71¥ (a = p) as given by
(A.4), (A.5), and therefore it is («, S) that solves:

1-(1-p(A-@IV(A—a)+(S—L) =np” +pu[SSiE,—55VC] ,
(A.6)

1= (1—p) (1= @) V° (14 a)—fe+ A]=S = 7} O+(1 — ) [SSLE, - 55V

(A.7)
1>a>arc, (A-S)
S>L, (A.9)

28



where the left-hand side of (A.6) is the payoff the entrant gets under
(e, S), the left-hand side of (A.7) is the incumbent’s payoff under («,S5),
conditionally upon the incumbent eliciting the agent’s effort (i.e. condition-
ally upon @ > aj¢). The right-hand side of (A.6) and that of (A.7) are,
respectively, the entrant’s and the incumbent’s payoffs in the equilibrium
of the bargaining game, that is 71F (a = p), ¥ (a = p) as given by (A.4),
(A.5). An («, S) that satisfies (A.6)-(A.9) thus provides the parties with the
payoffs defined by the equilibrium of the bargaining game. Condition (19.b)
being satisfied implies that a;o < 1, moreover S can exceed L. Then, simple
calculations show that there exist («, S), with 1 > a > a;¢ and S > L, that
solve (A.6)-(A.7). That is, the set of feasible («, S) that provide the entrant
with a payoff identical to 7£F (a = p) as given by (A.4) and the incumbent
with a payoff identical to ¥ (a = p) as given by (A.5), is non empty. The
IE the parties agree upon, will be an («,.S) that belongs to this set. W

Payoff-equivalent partial-financing IE — Coexistence of incum-
bent financing and VC financing.

Consider a partial-financing IE, an («, S) with S < L. Under this ar-
rangement, the incumbent finances the entrant’s venture up the amount
S < L, in return for a share a < 1 of the entrant’s revenue realization at the
terminal date and the parties agree to information exchange. The entrant
raises the remaining amount, L — S, from a competitive venture capital.

Lemma A.1 Let condition (19.b) hold, or equivalently P € [P, P], and
let L be sufficiently large so as to satisfy:

L>1-(1-p) 1=V (A+aw)-[c+Al-mi"(a=p) , (A.10)

where TiF (a = p) is defined by (A.5). Then there exists a partial-financing
IE which is payoff equivalent to equilibrium (full-financing) IE.

Proof:
A partial-financing IE; an («,S) with S < L, is payoff equivalent to
equilibrium (full-financing) IE, if and only if («, S) satisfies:

1-1-pA-q]V(1-0a)=(L-8) =} (a=p) (A.11)
1-1-p)1-@lV(A+a)=(c+A) =S =ni"(a=p) (A12)
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1>a>a (A.13)

S<L, (A.14)

where, 71F (a = p) is defined by (A.4), 71¥ (a = p) is defined by (A.5).

The right-hand side of (A.11) and the right-hand side of (A.12) are re-
spectively the entrant’s and the incumbent’s payoffs under an equilibrium
(full-financing) IE. The left-hand side of (A.11) and the left-hand side of
(A.12) are respectively the entrant’s and the incumbent’s payoffs under an
(a, S) that sets a > ¢ (the incumbent elicits the agent’s effort) and S < L,
that is the entrant raises the amount L — S from a competitive venture cap-
ital. Clearly, an (a,.S) that satisfies (A.11)-(A.14) is by all means payoff-
equivalent to an equilibrium (full-financing) IE. Proving Lemma A.1 then
it amounts to proving that for L that satisfies inequality (A.10), such an
(o, S) exists.

Define S as

S=1-(1-pl-q]V(A+T) —(c+A)—m"(a=p),

and let:

a=qoc,

then S is identical to the right-hand side of (A.10), that is:
S <L (byA.10),

and therefore (@,S) satisfies inequalities (A.13)-(A.14). Moreover, for
a =@, and S = S, the left-hand side of (A.11) is identical to the right-
hand side, and the same holds for (A.12). This establishes that (a,S)
satisfies (A.11)-(A.14), and therefore that for L that satisfies inequality
(A.10) there exists at least one partial-financing TE which is payoff-equivalent
to an equilibrium (full-financing) IE. By the same reasoning, one also proves
that for L sufficiently large there exist payoff-equivalent partial-financing IEs
that set a > ayc. |
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Proof of Lemma 8
The minimum cost of eliciting p under no-information exchange is C(p|NE) :

C(pINE)=p[(1-q)P+qP(1-P)|Z"

where
Z* = argzmin (1—¢qP+qP(1—-P)|Z (A.15)
s.t.
p: arg max {r[l-qP+qP(1-P)|Z—c(p)} (A.15a)
pll=q)P+qP(1—P)|Z—c(p) =0 (A.15b)

where Z is the payment from the incumbent to the agent in the event
that the firm’s terminal value is V.
The incentive constraint (A.15a) is equivalent to the first-order condi-
tion:
[(1—q)P+qP(1—P)]Z=C(p)

and this implies that

. d(p)
PSP reP(1_P)

and therefore that:
C(p|NE) = pc (p)

The minimum cost of eliciting p under information exchange is C(p|E) :
CIB) =1 - (1—q) (1 - )] P(L - P)Z°
where

z* :argzmin[l— (1-q)(1-p)|P1l-P)Z

s.t.

p: arg;naX{D ~(1-q)(1-p]P(1~-P)Z~c(p)}

1-(01-q(A-p]PA-P)Z—-cp) 20
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From the first-order condition:
(I1-q)P(1—-P)Z={(p)

This implies that:
“(p)

= i—gra-p)

and therefore that:

C(p|E) = pd (p) + d(p)

1—¢q

or equivalently:

C(p|E) = C(p|NE) +

Lemma 8 is proved W
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Table 1

Expected value of the Entrant’s and Incumbent’s ventures

Entrant Incumbent
E(VEVE_/MI_ —Ve E V1|7=E—k:r1—k) e
E(YN/E|7‘E:(Z),7‘1:k:): E< T‘E—@’I“[—k) Vv
E(Vilry =k =0) =V B (Vilrs = k,r1 =0) =0
E (Vglrg = 0,1/ =0) =0 EEVITEQ,TIQ =0

Figure 1: Sequence of choices and events

0 1 2 3
Financing mode, Payoffs

Entrant invests Research stage Development stage are realized

Research stage:

l.a 1.b l.c
incumbent
chooses agent’s
incentive scheme

agent Research results
chooses effort are delivered
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