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Abstract

Projects financed by venture capital are often syndicated. Syndication has been advocated to be
driven by either a selection hypothesis, or a value-added hypothesis. However, these hypotheses have
neglected the possibility for syndication to be driven by the need of reducing competitiveness between
otherwise potentially rival projects. To explore this alternative hypothesis, this paper constructs a model
where venture capitalists financing projects that are competing to varying degrees decide whether to
syndicate and, thus, terminate one of the projects. Venture capitalists take the decision whether to
syndicate after a signal about the quality of the projects is observed. We show that if these signals are
public, syndication occurs out of competition concerns and viable projects with a good signal will be
terminated. This leads to a possible reduction in expected social welfare. We then proceed to show that
if signals are private, venture capitalists do not always have incentives to truthfully reveal their signals
and, as a result, may syndicate less often. This is likely to lead to welfare improvements over the situation
with public signals.
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1 Introduction

Venture capital financing plays an important role in innovation since entrepreneurs have ideas, but they
often do not have the funds to turn them into innovations. Hence, they need to convince venture capitalists
of their values to obtain any venture capital financing to develop further their ideas for the final market.

In the venture capital industry, firms often syndicate their investments. Wright and Lockett (2003)
report that in 2001, about 60% of venture capital investments were syndicated in the US and about 30%
were syndicated in Europe. According to Schwienbacher (2002), an average syndicate involves 4.5 venture
capitalists in the US and 2.7 venture capitalists in Europe. Lerner 1994 reports that in the US, first-round
investments are syndicated on average by 2.2, second-round investments by 3.3, and third-round investments
by 4.3 venture capitalists. There is also evidence that syndicates invest significant amounts in younger firms,
in earlier rounds, and in earlier stages of a firm’s life cycle (Tian, 2007).

Three common reasons given for syndication are risk sharing, managerial value added, and project se-
lection (e.g., Lerner, 1994; Brander, Amit and Antweiler, 2002; Hopp and Rieder, 2003; Casamatta and
Haritchabalet, 2007; Cestone, Lerner and White, 2007). In addition, Bachmann and Schindele (2006) show
that syndication can be a potential solution to the theft of ideas by venture capitalists, and Dorobantu
(2006) shows that syndication can be used by the venture capitalists to signal their project-selection ability
to other potential investors.

In this paper, we explore an alternative rationale for syndication that derives from the elimination of
potentially rival ideas. We consider a model where entrepreneurs with different ideas seek financing from
venture capitalists. The venture capitalists prior to deciding whether to invest in the ideas and whether to
syndicate their investments receive signals about the quality of the ideas. We allow for signals to be either
public or private. We assume that if multiple ideas targeting the same market niche are invested in and are
successful, there are competing innovations in the market. Although both ideas can be patented, each would
be earning less than monopoly profits.

Under public signals, our results reveal that venture capitalists have incentives to syndicate and terminate
investment in competing ideas. This happens even in cases when both venture capitalists received favourable
signals regarding the quality of the ideas, provided that the level of investment required to develop the initial
idea is sufficiently low. In such cases, syndication is detrimental to social welfare because it results in a
reduction of competition. If the investment cost is sufficiently high, one of the venture capitalists drops out
and syndication is not a stable outcome.

Under private signals, we show that the results change in two important ways. First, since venture
capitalists cannot send credible messages when signals are private, welfare-reducing syndication happens less
frequently. Second, if both venture capitalists receive bad signals, welfare may be reduced since both venture

capitalists abandon their ideas when signals are private while only one abandons when signals are public.



The rest of the paper is organized as follows. Section 2 describes the setup of the model. Section 3 deals
with the analysis of the public signals case, characterizing the equilibrium configurations for the investment
into ideas by venture capitalists. Section 4 focuses on the analysis of the private signals case, checking for the
venture capitalists’ incentives to transmit their private information truthfully, then explores the alternative
equilibria when those incentives are violated, and, finally discusses the implication for social welfare of

privately acquired signals versus publicly acquired ones. Section 5 concludes.

2 The model setup

Consider a potential market for which two risk neutral entrepreneurs have each an idea for a product.
Assume that, were both products introduced into that market, they would be competing with each other.
In order to become commercializable final products, both ideas require further investment of size I € R
into their development. With the investment, an idea can succeed or fail. The probability of success is
Pr (good) := p € ]0,1[ and the probability of failure is Pr (bad) := 1 — p. Assume each project’s success to
be independent of the other’s. Lacking the means for the investment, entrepreneurs need to team up with
one of 2 risk neutral venture capitalists, V' C;, where ¢ = 1,2, in order to develop their respective idea.

Assume that entrepreneurs are currently matched with one venture capitalist each, who need to decide
whether to finance (further) development. For simplicity, assume that entrepreneur 1 is matched to venture
capitalist 1 and entreprene2 is matched to venture capitalist 2. Before deciding about the (further) invest-
ment, venture capitalist i receives a signal s; € {g,b} from her past involvement in venture ¢, where g stands
for a good signal and b for a bad one.!

Signals are assumed to be imperfect and are correct with probability a € [%, 1 [, ie., a:=Pr(s; =g|lgood) =
Pr (s; = bl bad). The parameter a can also be interpreted as the precision of the signal.? In addition to the
independence of the projects’ successes, also assume that the signals’ imperfections are independent of each
other. This implies that it is not possible to learn about project 1’s success from a signal about project 2 and
vice versa. Consider two alternative assumptions regarding the observability of the signals. First, consider
the case of public signals, where each venture capitalist can perfectly observe not only the signal of her own

project, but also the signal of the other venture capitalist. Second, consider the case of private signals.

I'Without substantial change in the results, one could alternatively assume that entrepreneurs are not currently matched
with a venture capitalist. Instead, one could assume that they approach venture capitalists and can receive an initial financing
agreement from one venture capitalist and that each venture capitalist finances at most one of the two competing projects
(Interviews with venture capitalists confirmed that financing of competing projects does not happen in practice as entrepreneurs
are afraid of theft of their often unprotected ideas and of potential conflicts of interest). When venture capitalist ¢ is approached,
she scrutinizes the entrepreneur’s business plan and receives a signal s; € {g, b} about the quality of the proposed investment
opportunity, where g stands for a good signal and b for a bad one.

2 Alternatively, it can be interpreted as the ability for venture capitalists to assess the likelihood of success of their ideas. The
more precise the results of their due-diligence process, the higher the degree of reliability of the signal. A perfect assessment
can be thought of as a perfectly informative signal: a negative assessement - a bad signal in our model - would imply that the
idea fails with certainty; while a positive assessement - a good signal in our model - would imply that the idea will succeed for
sure.



Here, the signal is revealed only to the venture capitalist who has followed the project in the past® and it

is non-verifiable and manipulable.? Upon observing the signal for a particular project, a venture capitalist

updates the probability of success of that project following Bayes’ rule. Label the ex-ante probability of

getting a good signal as o4, with o4 = ap + (1 —a) (1 — p), and the ex-ante probability of getting a bad

signal as oy, with o, = (1 —a)p+ a (1 —p). Then it is possible to write the updated probability of success
ap

of a project given that a good signal has been observed, denoted py, as p, := Pr(good|s; = g) = = and

the updated probability of success of a project given that a bad signal has been observed, denoted p,, as

(1-a)p
o

pp := Pr(good|s; =b) =

Once signals are obtained, and the ex-ante probabilities of success and failure updated accordingly, venture
capitalists face three possible choices: They can either Continue on their own, C, and invest the amount I
into the development of their entrepreneur’s idea; they can choose not to invest into the development of their
entrepreneur’s idea and Terminate their relation with the entrepreneur, T'; or they can approach the venture
capitalist with the competing project and suggest syndication. If both agree on that, they syndicate, S, the
development of one of the ideas and terminate the other one.”

If two venture capitalists chose C' and both succeeded with their development, the products would compete
in the market place and the venture-backed firms would enjoy duopolistic profits, 7. If only one project
succeeds, the venture-backed firm bringing it to the market (be it backed by one venture capitalist or both
venture capitalists within a syndicate) would enjoy monopolistic profits, 7. We assume 27? < 7.6

We could assume that there were more than two ventures capitalists competing to finance the entrepre-
neurs, who, irrespective of the observability of the signals, all observe the choices of the two venture capitalists
involved, i.e., whether an entrepreneur’s project has been terminated/rejected by a venture capitalist, and
who also observe whether the competing project has been syndicated. If a project has been terminated,
another venture capitalist would, therefore, be able to "pick up" and finance the project. However, as long
as the two syndicating partners are able to keep both entrepreneurs to follow one of their ideas, this does
not provide real competition and results do not change.

In sections 3 and 4 we analyze each of those alternative choices, respectively for the public and private

signals case.

3 Analysis: Public Signals

Assume that the signal one venture capitalist receives can also be observed by the other venture capitalist.

Then the expected payoffs, as a function of the two venture capitalists’ choices, can be written as follows.

3With the alternative interpretation, it is revealed only to the venture capitalist who scrutinized the business plan.

4Note that whether signals are reliable or not, is not incompatible with signals being either public or private.

5We choose this for simplicity of exposition. We could allow for the endogenous continuation of both projects in the syndicate,
however, as will be clear later on, this will not affect the quality of our results.

6We take this assumption, as we want to explore the incentives for syndicating ideas when they are rival. It would not hold,
for example, if ideas were to be developed for completely separated markets in which each venture was to enjoy a monopoly.



Competition (C,C) If both venture capitalists develop their ideas, we denote this case as (C,C'), and we
can write the expected profits accruing to venture 1, II; (C, C), as

M_T

PP +pg (1—py)7
M _ g

(s1,52)
b 1L—py)m (s1,52) = (9,0
,(C,.C) = 4 Papvm” +pa(L=pp i
il ) Popgm? +pp (1 —pg) 7™ =T if (s1,82) = (b,g
P +pp (L—pp) 7™ — 1 if (s1,52) = (b,b
and the one of venture 2 in a similarly.
Assume that (1) the net present value (NPV') of competing on the market after investing into ideas that

both received bad signals is negative and that (2) the expected profit of being a monopolist developing a

project with a good signal is positive:
Assumption 1 pinl +p, (1 —pp) 7™ < I < pyn™.

Note that this assumption also implies ppp,m” + pp, (1 — py) #™ < I and pppr? + py (1 —p) 7™ < I
Thus, assumption 1 implies that it is unprofitable for a venture capitalist who received a bad signal to
pursue a project in competition with another venture capitalist, irrespective of the signal received by the

other venture capitalist.

Termination of one Idea (C,T) or (T,C) If one venture capitalist pursues the investment into the
initial idea, while the other one does not, we denote this case as (C,T), or (T,C) depending on whether

V Cs or V(' respectively abandons their investment. We can summarize these expected payoffs, w.l.o.g. for

VvV, as follows:
I(C,T) = pgr™ — I if (s1,52) = (g,-)
Hl(C,T) :pr(M—I if (81,52) = (b,)
Hl(T5C) =0 if (SlaSQ) = (7)

By assumption 1, we know it is not profitable for the venture capitalist who receives a bad signal to
compete against a rival who got a good signal. In this case, the venture capitalist who received the bad
signal drops out and the one who received a good signal continue alone. However, if both venture capitalists
receive the same signals, but competition is not viable, then there are two equilibria, (C,T) and (T, C). In

this case, we assume that each equilibrium is played with probability %

Syndication (S) If competition, (C,C), is feasible, venture capitalists have the choice of whether to
compete or to syndicate their investments. If venture capitalists choose to syndicate their investments, (.5),
we assume that one idea is dropped and only one is pursued for further development for the market. We
also assume that the venture capitalists bargain over the incremental surplus with equal bargaining power.
That means that the expected pay-off received by each venture within the syndicate is equal to the sum of
(i) the venture’s competition payoff and (ii) half the incremental surplus created by the syndicate over the

competition surplus.



Given assumption 1, competition is not feasible if one of the ventures received a bad signal and syndication
can be an equilibrium only if both signals are good. In this situation, bargaining over the incremental surplus

with equal bargaining power means that the syndication profit is shared equally:

1

HZ(S>:§(pq7TM—I) if (51;82):(97.9)

Not that with this setup, we distinguish between the abandoning of an idea that is dictated by competition
concerns, i.e., to avoid competition which would be chosen otherwise; or by feasibility concerns, i.e., to avoid
negative profits from competition even if they both projects received good signals. In this model, when we

refer to syndication, we focus on the decision to drop one idea out of competition concerns.

3.1 Equilibrium Configurations of Ventures

We can now compare the expected payoffs in each of these three scenarios and determine the equilibrium
configurations chosen by venture capitalists for each combination of the received signals. This equilib-
rium configuration depends on the ex-ante probability of success, the signal received and its precision, the
monopoly and duopoly profits, as well as the size of the investment necessary to develop the project into
a commercializable product. We depict the equilibrium configurations graphically (and algebraically) as a
function of the investment size. There will be cut-off points for the investment level I below which, compe-
tition is preferred to syndication, and above which the opposite is true, as well as threshold levels of I above
which continuation by one venture capitalist alone is dictated by negative profits in competition and below
which the opposite is true.

Across all the three possible combinations of signals, (g, g), (g,b) or (b,g), and (b,b), we identify five
mutually exclusive sub-cases for the equilibrium configurations of the ventures. We label those cases with
progressive Roman numbers, (i) — (v). Figures 1-5 below highlight the equilibrium configurations of ventures
for each of the five identified cases. Note by now, that the conditions to be in each of the subcases will be a

. oM
function of —7—+, a, and p.

Case (i)

Assumption 2 p,mM —p2 (M — 7P) < pyr — p (7™M — 7).

Figure 1 shows the equilibrium configurations of ventures for the public signals case if assumption 2 holds,

. . M
ie. iff 7—5 <py + pp:
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Figure 1. Case (i): pyn™ — pg (7M™ —7P) < ppr™ — p} (7™M — 7P)

In this case, competition is never viable and at least one of the venture capitalists drops the project
in order to avoid negative profits. We describe the characteristics of the equilibrium configurations of the
ventures for this subcase in lemma 1 (see Appendix A).

Note that, following the assumption 27P < 7M, % € [1,2]. Note also that the condition to be in
subcase (7), % < pg + P, is a function of only %, p, and a. We can therefore, characterize the
combinations of a and p for which we are in subcase (i) for any 7" € [O, ”—;\4} For strong competition,

b =, % =1<pg+p, & p> %, Ya € [%,1[. This means that as long as the ex-ante

e., for 7
probability of success of ideas is sufficiently high and competition is very strong we are in subcase (i). For
lax competition on the other hand, i.e., for 70 = ”—;u, % =2>py+pp, Va € [%, 1[ and Vp € [0, 1].
This implies that for lax competition we are never in subcase ().

Similarly we will be able to depict the a and p combinations for which the other cases occur for any
P e [O, ’TTM} Figures 6 and 7 below will combine the regions in the p — a space that are compatible with

each case to occur, respectively for strong and for lax competition in the final market of the developed ideas.
Case (i7)
Assumption 3 pgwM — 2p3 (7TM - 7TD) < ppyM —p% (’R’M - 7TD) < pgﬂM —pg (7TM — 7rD) < ppM

Figure 2 shows the equilibrium conﬁgurations of ventures for the public signals case if assumption 3 holds

instead, i.e. iff py +pp < —7—5 wD < P,
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Figure 2. Case (ii): pgn™ — 2pg (’R’M — 7TD) < pprM — p? (’R’M — 7TD) < pgmM —pg (7TM — 7rD) < pp™

Similarly to case (i), we describe these equilibrium configurations of the ventures for case (i7) in lemma

2 (see Appendix A).



Case (i)
Assumption 4 pym™ —2p2 (7M — 7P) < pyrM — pg (7 — 7P) and pyr < pgr™ — p2 (7M — 7P).

2
Figure 3 shows the equilibrium configurations for the ventures when assumption 4 holds, i.e. iff Epj’ﬁ <
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Figure 3. Case (#i): pgﬂ'M —2p£2] (7TM — 7rD) < ppyM —pf (7TM — 7TD) and pp™ < pgﬂ'M —pg (7TM — 7TD)

In lemma 3 the equilibrium configurations of the ventures for this case are described (see Appendix A).

Case (iv)

Assumption 5 p,7M —p% (7TM - 7TD) < pgwM — 2p§ (’R’M - 7TD) < ppM < pgﬂM —pz (ﬂ'M — 7TD),
Figure 4 shows the equilibrium configurations for the ventures when assumption 5 holds, i.e. iff (pg + pp)+
2 2
P M 2p
pgfpb < T D < pgfgz')b‘
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Figure 4. Case (iv): pym™ —pg (7TM — 7rD) < pgwM — 2p3 (7TM — 7TD) < ppM < pgwM — pg (’R’M — 7TD)

Lemma 4 describes the equilibrium configurations of the ventures for this case (see Appendix A).

Case (v)

Assumption 6 pyr < pym™ —2p2 (7M — 7P).

2
Figure 5 shows the equilibrium configurations for the ventures when assumption 6 holds, i.e. iff piﬁ% <
g

T(Al
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Figure 5. Case (v): pym™ < pynM — 2p£27 (7M™ — =)

Lemma 5 describes the equilibrium configurations of this subcase (see Appendix A).

Cases (i) - (v) We now summarize for which @ — p combinations each of the cases arises for strong and
lax competition, represented in figures 6 and 7. This representation will be useful when we study the impact

of private signals.

w
0
0.5 0.6 0.7 0.8 0.9 1 a
Figure 6. Cases (i) — (v) for strong competition, i.e. 72 = 0, as a

function of p and a.
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Figure 7. Cases (i)-(v) for lax competition, i.e. 7 5

of p and a.

As for now, we can summarize the results for the public signals case as follows:

Remark 1 For the public signals case, in (s1,82) = (b,b), that is if both venture capitalists receive bad

signals, only one of them terminates as long as the other one is viable as a monopoly (in other words,



as long as the level of the required investment into the development of the idea is not too high), and both

terminate otherwise.

Remark 2 For the public signals case, in (s1,82) = (g,b) or in (s1,82) = (b,g), that is if one venture
capitalist receives a bad signal and the other one a good one, only the one with the good signal continues, as

long as the level of the required investment into the development of the idea is not too high.

Proposition 1 For the public signals case, suppose (s1,s2) = (g,9), that is that both venture capitalists
receive a good signal. Then, in equilibrium,

(i) ifpgﬂ'M —pg (ﬂ'M — 7TD) <I< pgﬂ'M, only one of the them continues to invest while the other one
drops out;

(i) if pgﬂM — 2p§ (7TM — 7rD) <I< pgwM — pg (7TM — 7rD), the venture capitalists syndicate and invest
in only one of the projects; and

(iii) if 1 < pgﬁM - 210527 (7rM — 7TD), both venture capitalists continue to invest.

Part of these results follow directly from assumption 1 that we made concerning the viability of the
investments; however, which configurations are preferred in particular for the combination of the signals
(s1,82) = (g, 9) has been derived endogenously. We expressed it as a function of the ex-ante probability of
success, the precision of the signal, and the level of competition venture capitalists face in the final market.

Assuming public signals about the likelihood of success of the ideas, our results show that if both venture

capitalists receive good signals,

1. in high competition environments (p high, 72 small) one venture capitalist drops out whereas the other

one continues as long as the investment cost is sufficiently high;

2. as competition eases (p falls, 72 increases), venture capitalists syndicate low investment ideas, whereas

one drops for high investment costs;

3. as competition eases further, both venture capitalists continue on their own for low investment costs,
they syndicate for intermediate investment costs, and one venture capitalist drops out for high invest-

ment costs.

3.2 Welfare Implications of Syndication

We already discussed that a necessary condition for syndication to be chosen is that venture capitalists both
receive good signals. However, the rationale for syndication goes beyond this initial observation. In order
to have syndication, there need to be intermediate levels of competition, not too high ex-ante probabilities

D

of success, p, not too small duopolistic profits if competition, 7, and low or intermediate levels of the

investment costs required to develop the idea for the final market.

10



Syndication, which is chosen for levels of investment for which competition would have been viable other-
wise, has been distinguished from the situation in which both ideas would not be viable in competition. Our
results show that syndication, thus, entails the socially undesirable outcome that good ideas are abandoned

and no further investment into their development for the final market is made.

4 Analysis: Private Signals

The public signals environment has provided us with a benchmark for analyzing the more complex situation
where non-verifiable and manipulable signals are instead privately acquired by venture capitalists. In this
section of our analysis, we verify whether the social welfare decreasing effect will be mitigated or exacerbated
whenever venture capitalists cannot observe each others’ signals, as signals are privately acquired, non-
verifiable and manipulable. We first explore whether venture capitalists have an incentive to truthfully
reveal their signals to each other if that means that the public signals equilibrium would be implemented.
We show as a function of the parameters of the model that they have an incentive to manipulate them.
We then solve for symmetric Bayesian equilibria for the parameter regions in which truthtelling is not an
equilibrium. We find that in these symmetric Bayesian equilibria, venture capitalists do not syndicate where
they would have competed with public signals. On the contrary, in two of the Bayesian equilibria, they
compete where they would have syndicated with private signals.

Let us start by assuming that after receiving a private signal about the ideas to be invested into, each
venture capitalist can simultaneously send to the each other a non-verifiable message, m;, with m; € {g,b},
which is intended to convey information about the quality of the privately acquired signals. As long as
truthful revelation by venture capitalists is incentive compatible, the equilibrium configurations obtained
when signals are public can also be implemented under private signals. Thus, we are interested in testing
whether there is a scope for those incentive compatibility constraints to be violated, and if so which alternative
equilibria can be expected instead.

If venture capitalists have an incentive to lie with respect to the nature of their true signal, messages
cannot be trusted and become uninformative. Thus, each venture capitalist will have to reason in expectation
regarding the signal received by the other one when deciding which configuration of venture to adopt or to
agree upon. We will resort to the Bayesian equilibrium as the solution concept when incentive compatibility
constraints are violated and we will study their existence for each of the cases (i) — (v) as identified in the
public signals case in order to compare them, and then discuss the welfare implications of syndication for
these alternative environments.

We start by exploring whether there are profitable unilateral deviations from the truthtelling behavior.
For that, we compare the payoff a venture capitalist receives when telling the truth, provided the other

says the truth, with the payoff obtained by lying, still provided the other one says the truth. If the payoff

11



from lying is superior to the one by telling the truth, the incentive compatibility constraint is violated and

messages cannot be trusted. We perform this analysis for each of the subcases (i) — (v) identified earlier.

4.1 Truthtelling Incentive Compatibility Constraints

Case (i) Remember that in this case, assumption 2, p,m — v (7 — =) M _ 7Dy,

< pp™ — pt (7
holds, i.e. % < pg + po. It can be shown that for pgﬂM = pg (7TM = 7TD) < ppM —pg (7TM = 7TD) and
pp™ —pg (TK’M — 7TD) < I < ppym™, a venture capitalist with a bad signal has an incentive to mimic one having
a good signal. For p,m — pg <7TM - 7rD) < pp™ — p? (7TM — 7TD) and ppmM — p? (7rM - 7TD) <I<prmM,
(a) a good message cannot be trusted, (b) a bad message will not be sent, and (c) venture capitalists have to
discard messages in equilibrium. For pg7rM —pz (ﬂ'M — 7TD) < pp™ —p% (ﬂ'M — 7TD) and pp™ < I < pgﬂ'M,
venture capitalists would not have an incentive to send a false signal.

These results are represented graphically in figure 8, where the dark grey area accounts for the interval of

the investment costs for which the incentive compatibility constraint to send truthful messages is violated.

00) | cT1) | (rm) |
1 Py
(ab) | al Iy
: Py
pp— "
Py - pi(ﬂ” -7°) P

Figure 8. Case (i): pgn™ — pg (7M™ — 7P) < ppr™ — p} (7™M — 7P)

These intermediate results have been obtained as follows. Let us assume, first that p,7™ —pg (ﬂ'M — P ) <
I < pym™. Under public signals, irrespective of the signal combination, one of the venture capitalists would
have terminated the project, whereas the other one would have continued.

Let s;1 = g. Then with probability o4, also so = g, and the venture capitalists flip a coin to determine
who continues and earns monopoly profits.” Maintaining the assumption that s; = g, if s, = b, which
happens with probability o, only VC; will continue the idea alone. Thus, taking as given that the other
venture capitalist sends a truthful message, by receiving a good signal and transmitting a truthful message

as well, i.e. s; =g and my = g, VC; would get:
1
crg§ (pgﬂM — I) + oy (pgﬂM — I) .
If instead s; = g, but m; = b, then, provided V(s sends a truthful message, VC; gets

1
Ug-O—‘rO'b§ (pgﬂ'M—I).

"Remember that o4 and oy, are respectively the probabilities of getting either a good or a bad signal.

12



As O'g% (pgﬂ'M — I) + oy (pgﬂ'M — I) > ab% (pgﬂ'M — I) the incentive compatibility constraint not to lie
holds. If instead s; = b and my = b, then VC gets

1
Og -0+Ub§ (pbﬂ'M —I)

And, if s = b, but m; = g, then VC; gets
1
T95 (ppr™ —I) + oy, (por™ — 1)

As og% (pwa — I) + oy (pwa — I) > ab% (pwa — I), the incentive compatibility constraint not to lie is
violated.

Assume now that p,m™ < I < p,m™. Under public signals, with (g,g) and (g,b) or (b, g), one of the
venture capitalists would have terminated the project, whereas the other one would have continued. With

(b,b), both would have terminated. If s; = g and m; = g, then VC; gets
1
crg§ (pgﬂM - I) + oy (pgﬂM - I) .

If 51 = g but my; = b, then VC gets
g0+ 0y (pgwaI).

As 0‘9% (pg7rM — I) +0op (pgﬂ'M — I) > 0y (pgﬂ'M — 1)7 the incentive compatibility constraint not to lie holds.
If s = b and my = b, then VC gets
0g-04+0y-0

If 57 = b, but my; = g, then VC; gets
0g-0+0,-0

Also for this case, there is no incentive to lie about the nature of the signal.
We see that for pym™ — p% (7TM — 7rD) < I < ppym™, a venture capitalist with a bad signal would have an

incentive to lie.

Case (i1) Remember that for this case assumption 3, pgwM — 2p§ (7TM — 7rD) < pp™M — pg (’R’M — 7TD) <
2

P

. M
pym™M —p? (7M™ — 7P) < ppr™, holds, i.e. py+ pp < =—1 < P

It can be shown that for pg7rM—2p§ (7rM — 7TD) < pp™M —p} (ﬂ'M — 7TD) < pgﬂ'M —pg (7TM

— 7rD) < ppM
and p,mM — p% (7TM — 7TD) <1< pgwM — pg (’R’M — 7TD), a venture capitalist with a bad signal has an
incentive to mimic one having a good signal. This means that, for pg7rM — 2p3 (7TM — 7rD) < ppM —
p? (7TM —ﬂ'D) <pg7rM—pg (7TM — 7rD) < pp™ and pyM — p? (7TM — 7rD) <I< pgﬂ'M—pg (ﬂ'M — 7TD), (a)
a good message cannot be trusted, (b) a bad message will not be sent, and (c) VCs have to discard messages
in equilibrium. For pgﬂM = 2p3 (7TM — 7TD) < ppyM —p% (7TM = 7TD) < pgwM — pg (ﬂ'M — 7TD) < pp™ and

pgﬂ'M — pg (TK’M — 7TD) < I < py™, a venture capitalist with a bad signal has an incentive to mimic one
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having a good signal. For pgﬂ'M — pg (7TM — 7rD) < ppM — pg (7TM — 7rD) and pp™ < I < pgﬂ'M, venture
capitalists would not have an incentive to send a false signal.

These results can be summarized graphically similarly to case (i). Figure 9 below shows in the dark
grey area the interval of the investment costs for which the truthtelling incentive compatibility constraint is

violated.

» B ) )
T en) pgﬂM(T .
(a.b) i ' -
T Ty
P — p2(a - 2°) P

Figure 9. Case (ii): pgm™ — 2p2 (ﬂ'M - 7rD) < pp™ — p? (ﬂ'M — 7TD) < pgmM —pg (7rM — 7TD) < ppM
In order to show how these results have been obtained, we need to repeat a similar reasoning to the one
used in case (¢). In practice, it is necessary to check for all possible unilateral incentives to deviate from
truthfully revealing the nature of the signal received, as a function of the payoffs which can be obtained for
any combination of the signals and taking into consideration which equilibrium configurations of the venture
are compatible with this subcase of the analysis. Appendix B shows those intermediate steps for this type

of checking for this and the remaining cases.

Case (iii) Remember that in this case assumption 4, pym™ —2p2 (7 — 7P) < ppr™ —p (7™ — 7P) and

2

2
M M 2 (M D : P, M P;
Pem < pgm — pyg (7r -7 ), holds, i.e. pgjpb < —w—>p < (pg + ) + pgjpb.

It can be shown that for pgﬂ'M — 2p3 (7TM — 7rD) < pp™M — p% (ﬂ'M — 7TD) and pym™ — pg (7rM — 7TD) <
I < py™ | a venture capitalist with a bad signal has an incentive to mimic one having a good signal. For
pgm™ —2p2 (7 — 7P) < ppr™ —p (7 — 7P) and pyrt < I < pgr™ —p2 (7 — 7P), a venture capitalist
with a bad signal has an incentive to mimic one having a good signal if and only if pg—;rpwa —1>0. For
pgﬂM — pg (7TM — 7TD) < pp™ — pg (7TM — 7rD) and pgﬂM — pg (7TM — 7TD) <I< pgﬂ'M, venture capitalists
would not have an incentive to send a false signal.

Figure 10 highlights in a dark grey area the interval of the investment costs for which the incentive

compatibility constraint for venture capitalists to send true messages is violated when in case (ii7).

(0.9) i ) I( (C’]T) i (T'T)P !
1 pgﬂ_M _ ng f[M 772'D pgﬂM
(0.5) | ) T
| Py
b) Py Ty
P - pé(er -7°) P

2

M o_ 7TD) < ppM — D5 (ﬂ'M — 7TD) and ppmM < png'M —pg (7TM — 7TD)

Figure 10. Case (7i1): pg7rM—2p§ (m
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Appendix B shows the intermediate steps for checking that those incentives are indeed violated for the

interval of the investment costs as indicated above.

Case (iv) Remember that in this case assumption 5, pyr — p7 (7™ — 7P) < pyr™ —2p2 (7™M — 7P) <
pr]
Pg—Pb "

Py
Pg—DPb

pp™M < pgwM —pg (7TM — 7TD), holds, i.e. (pg +pp) + < TFAZTi/ITrD <

It can be shown that for p,7™ —pf (7rM — 7TD) < pg77M—2p£27 (TK’M — 7TD) < ppM < pgwM—pg (7TM — 7rD)
and pyr™ — P} (ﬂ'M — 7TD) <1< pgﬂ'M — 2p2 (7TM — 71'D)7 a venture capitalist with a bad signal has an
incentive to mimic one with a good signal. For p,m™ — p% (7rM — 7TD) < pgﬂM — 2p§ (7TM - 7rD) < ppM <
pgﬂ'M — pg (7TM — 7TD) and pg7rM — 2p§ (ﬂ'M — 7TD) < I < pym™, a venture capitalist with a bad signal
has an incentive to mimic one with a good signal. For pgﬂ'M — 2pg (7TM — 7rD) < ppM — pg (7TM — 7rD)
and pyr™ < I < pyr™ — p2 (7™ — 7P), a venture capitalist with a bad signal has an incentive to mimic
one having a good signal if and only if pgTer"wM — I > 0. This condition holds here as ’)F’T“”WTM >

2
2pg
Pg—Db’

M 2 (M D M
Py — Py (7T -m ) < sw—p <

which is one of the conditions for case (iv) to exist. For
pgﬂ'M —pg (ﬂ'M — ﬂ'D) < ppyM —p% (ﬂ'M — 7rD) and pgﬂ'M —pg (ﬂ'M — ﬂ'D) <I< pgwM, venture capitalists
would not have an incentive to send a false signal.

Figure 11 shows in the dark and light grey areas the intervals of the investment costs for which the

incentive compatibility constraints for venture capitalists to send true messages are violated.

(0.0) | cc) " (s) I cT) " (TVT)> |
pg”Mi_zps(”M_”D) (CTF;Q”M_p;(”M_”D) pg”M(TT
(@.b) : ' . )> |
l Py
o) S Ty,
py7" ~pilz" - 7°) [

Figure 11. Case (iv): pp™ —pg (ﬂ'M — 7TD) < pgwM — 2p§ (’R’M - 7TD) < pp™ < pgﬂM —pg (’R’M - 7TD)
Appendix B shows once more the intermediate steps for checking that those incentives are indeed violated

for the intervals of the investment costs as just described.

2

Case (v) Remember that in this case assumption 6, p,m < pgwM — 2p§ (ﬂ'M — 7TD), holds, i.e. ng‘;b
g

7_{_J\/I

M _;D

It can be shown that for pym™ < pyr™ — 2p2 (7™ —7P) and pyn™ — pf (7 —7P) < I < ppr™,
a venture capitalist with a bad signal has an incentive to mimic one with a good signal. For p,m™ <
pgﬂ'M — 2p3 (7rM — 7TD) and pp7M < I < pgﬂ'M — 2p3 (7TM — 7rD), venture capitalists would not have an
incentive to send a false signal. For p,n™ < pgﬂ'M — 2p3 (ﬂ'M — ﬂ'D) and pgﬂ'M — 2p3 (ﬂ'M — ﬂ'D) <I<

pgm™ — p2 (7 — 7). a venture capitalist with a bad signal has an incentive to mimic one having a good

signal if and only if pf’TmﬂM—I > 0. This condition holds as pf’meM > pgrM —p2 (M —7P) & WJZTD <
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2

%, which is one of the conditions for case (v) to exist. Finally, for pyr™ < pyar? — 2p2 (7 — 7P) and

pgwM — pg (7TM — P ) <I< pgwM , venture capitalists would not have an incentive to send a false signal.
Figure 12 summarizes these results, showing that in both dark and light grey areas the incentive com-

patibility constraints for venture capitalists to send true messages are violated.

Py — (" - 2°)

o) o) o) en
1 Py = 2p; (" - 7°) P,
(0.) S T
1 Pz
(b.0) i 1) I (T,T)> |
by — pilr -~ 2°) Py

Figure 12. Case (v): ppyr™ < pgr™ —2p2 (7™ — =P)
Appendix B gives the intermediate steps for checking that those incentives are indeed violated for those

intervals.

All these intermediate results can be summarized as follows.

Proposition 2 For any p € [0,1], a € [%, 1[, if pp™ — i (ﬂ'M — 7TD) < I < py™, wenture capitalists
have an incentive to lie - sending untruthful messages - about having received bad signals. In addition, for
pym™M — 2p§ (7TM - 7TD) <I<p,mM ,pg (7TM — 7TD), venture capitalists with a bad signal have an incentive
to lie. Given the incentive to lie when signals are bad, no message, neither good nor bad, is credible for
these intervals. For all other cases, there exists instead an equilibrium that implements the full information

outcome using truthful messages between venture capitalists.

Let us label the intervals for which the incentive compatibility constraints are violated as:

o™ — p} (WM - 7TD) <I<ppr™ (IC-Violation #1)
and as
pgﬂ'M - 2p§ (ﬂ'M — 7TD) <I< pgﬂ'M — pz (7rM — ﬂ'D) ) (IC-Violation #2)

Note that (IC-Violation #2) holds for larger investment levels than (IC-Violation#1) only in cases (iv)
and (v). In cases (i) — (4i7), it is either contained in (IC-Violation#1) or to the left of it, which is outside

the range of interest as defined in assumption 1.

4.2 Bayesian Equilibria

We have shown that venture capitalists have incentives to misreport the signals as long as the investment
costs fall in one of the intervals as just indicated. In these cases, messages are not credible and cannot be
used in equilibrium. We therefore derive Bayesian equilibria that do not make use of the messages for the

intervals where the incentive compatibility constraints are violated.
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A typical strategy for the Bayesian equilibrium assigns an action to each signal a venture capitalist may

receive. For each of the possible combinations of signals venture capitalists may receive, such an action

is composed of two virtually sequential steps: first it needs to contain a recommendation on whether to

syndicate (Yes), or not (No), and, second, if syndication is not agreed upon it needs to contain another

recommendation about whether to continue investing into the idea (Stay), or to drop out instead (Drop).

For each V Cj, the following describes the set of the sixteen possible strategies to be played in this context:

10.

11.

12.

13.

14.

15.

16.

. (Yes, Stay) if s; = good; (Yes, Stay) if s; = bad, indicated as ((Yes, Stay), (Yes, Stay))

(No, Stay) if s; = good; (Yes, Stay) if s; = bad, indicated as ((No, Stay), (Yes, Stay))
(Yes, Stay) if s; = good; (No, Stay) if s; = bad, indicated as (( Yes, Stay), (No, Stay))
(No, Stay) if s; = good; (No, Stay) if s; = bad, indicated as ((No, Stay), (No, Stay))
(Yes, Stay) if s; = good; (Yes, Drop) if s; = bad, indicated as ((Yes, Stay), (Yes, Drop))
(No, Stay) if s; = good; (Yes, Drop) if s; = bad, indicated as ((No, Stay), (Yes, Drop))
(Yes, Stay) if s; = good; (No, Drop) if s; = bad, indicated as ((Yes, Stay), (No, Drop))
(No, Stay) if s; = good; (No, Drop) if s; = bad, indicated as ((No, Stay), (No, Drop))
(Yes, Drop) if s; = good; (Yes, Stay) if s; = bad, indicated as (( Yes, Drop), ( Yes, Stay))
(No, Drop) if s; = good; ( Yes, Stay) if s; = bad, indicated as ((No, Drop), (Yes, Stay))
(Yes, Drop) if s; = good; (No, Stay) if s; = bad, indicated as (( Yes, Drop), (No, Stay))
(No, Drop) if s; = good; (No, Stay) if s; = bad, indicated as ((No, Drop), (No, Stay))
(Yes, Drop) if s; = good; (Yes, Drop) if s; = bad, indicated as (( Yes, Drop), (Yes, Drop))
(No, Drop) if s; = good; (Yes, Drop) if s; = bad, indicated as ((No, Drop), (Yes, Drop))
(Yes, Drop) if s; = good; (No, Drop) if s; = bad, indicated as (( Yes, Drop), (No, Drop))

(No, Drop) if s; = good; (No, Drop) if s; = bad, indicated as ((No, Drop), (No, Drop))

Different payoffs for each venture capitalist can be assigned for each combination of those strategies that

can be played for any realized pair of signals (s1,s2). The matrices below, represent those realized payoffs

respectively for V C1, the first payoff of each cell, and Vs, the second one in each cell:
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(s1,82) = (g9,9) Yes, Stay No, Stay Yes, Drop No, Drop
Yes, Stay % EpgﬂM - I; p;ﬂrz +1pg (1 —py) Wﬁ -1 % g ™ — 1) pgm™ — 1
' 3 pgm™M — I M pqﬂ'D +pg (1 —pg) 7TM -1 5 pgwM I) 0
No, Stay p2rP +p, (1 —py) 7™ — 1 p2rl +p, (1 —pg) 7™ — 1 pgm™ — 1 pgm™ — 1
’ Pem” +pg (1 —pg) ™™ =T | par? +py (1 —pg) 7™ — 1 0 0
T M T M
5 (pgm™ —1 0 5 (Pgm I) 0
Yes, Drop 1 Epy I; per™ — T g éngM 1) 0
0 0 0 0
No, Drop pgm™ — 1 pgmM — 1 0 0
(s1,82) = (g,b) Yes, Stay No, Stay Yes, Drop No, Drop
1 ( pg+pPo, M 1 (Pg+pPo M
Yes, Stay AR pgpbﬂ +pg (1 —po) 7™ — 1 P e pgm™ — 1
’ 1(putee M popgm? +po (1= pg) T =1 | 1 (patennt g 0
No, Stay Pepom” + g (1= po) WM —1 pgpom™” +pg (1 —pp) 7™ — 1T pgm™ — 1 pgm™ — I
’ popg™ +pp (L—=p) 7™ =1 | popgm® +pp (1 —py) 7™ — 1 0 0
Ve, D % pg+pb7TM I 0 % P.q;LPbWM I 0
es, Drop . pg+pb7TM / oM — T 1 pg;pb M _T 0
0 0 0 0
No, Drop oM — I pomM — T 0 0
(s1,82) = (b, 9) Yes, Stay No, Stay Yes, Drop No, Drop
1 (PgtpPo M 1 (PgtpPe M
Yes, Stay 2 . pbpg” +pp (1 —pg) ™ —1T 2 7 o — 1 por™ — 1
’ 1 (patpe g popgm? +py (1= pg) T =T | L (ateopnr g 0
No. Stay popgm? +po (L —pg) 7 =1 | popyn? +py (1 —py) 7 — 1 por =T por™ =1
’ popg™ +pp (L—p) 7™ =T | popgm® +pp (1 —py) 7™ — 1 0 0
i PQTH%WM — I 0 1 P.qTﬂ)wa I 0
Yes, Drop 1 ( pgtpPe M M _ T 1 ( pgtpPy M 0
5 —‘(2;7'[' -1 Py 5 —92—71' -1
0 0 0 0
No, Drop pg7rM -1 pg7rM -1 0 0
(s1,82) = (b, b) Yes Stay No, Stay Yes Drop No, Drop
2D 1— M _ T M —7 M _ T
Yes, Stay PlﬂT Py +pp (L—pp)m Dy Do
’ pp™ pgﬂ'D +pp (1 —pp) 7™M — 1T 5 pbﬂM I 0
No. Stay pbﬂ' +pb (1—pp) 7TM I pim? +py (1 —pp) 7TM —1 ppym™ — T ppe™ — T
’ pinl +p, (1 —pp) 7™ — 1 pinl +pp, (1 —pp) 7™ — 1 0 0
T T 7
5 (PoT 0 s (ppr™ =1 0
Yes, Dro )
P % §pb7r g pem™M — T % épwa — I; 0
0 0 0
No, Drop T M pwa 7 0 0

4.2.1 Symmetric Equilibria

For tractability, and given the symmetric nature of the model, we will restrict our attention to candidates for

symmetric equilibria only. When looking at possible symmetric Bayesian equilibria, there are 16 equilibrium
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candidates to be explored. We show in Appendix C that only 4 out of these 16 candidates are indeed possible

Bayesian equilibria. The conditions for which those 4 are indeed Bayesian equilibria, are specified below.

Equilibrium 1: (((Yes, Stay), (Yes, Drop)), ((Yes, Stay), (Yes, Drop))) This strategy profile

is a Bayesian equilibrium under the conditions

1
I>p,m™ — 20gp3 (7rM — 7rD) + 5 (py —p) 7™ (Eq. 1-1)
and
1
I>pyn™— 20 4Py (7rM - 7rD) ~3 (p— o) M. (Eq. 1-2)

In Equilibrium 1, i.e. (((Yes, Stay), (Yes, Drop)), ((Yes, Stay), (Yes, Drop))), the venture capitalists

always syndicate.

Equilibrium 2: (((No, Stay), (Yes, Drop)), ((No, Stay), (Yes, Drop))) This strategy profile

is a Bayesian equilibrium under the conditions

@WM > 1 (Eq. 2-1)
and
o
I>pyre™ —2 T +gggpbpg <7TM — 7TD) . (Eq. 2-2)

In Equilibrium 2, i.e., in (((No, Stay), (Yes, Drop)), ((No, Stay), (Yes, Drop))), the venture capitalists
compete if both receive a good signal, if only one receives a good signal and the other one receives a bad
signal, only the one with the good signal continues, and they syndicate if both receive a bad signal. However,
this equilibrium is not credible as after observing the other venture capitalist’s willingness or unwillingness to
syndicate, it would be possible to infer her signal. As truthtelling is not incentive compatible, this equilibrium

does not survive if we solve for a perfect Bayesian equilibrium. We will therefore disregard it.

Equilibrium 3: (((No, Stay), (No, Drop)), ((No, Stay), (No, Drop))) This strategy profile is

a Bayesian equilibrium under the conditions
pgﬁM — ngg (7TM — 7rD) >1T (Eq. 3-1)
and
ppe™ — 0 gPbPg (7rM — 7TD) <. (Eq. 3-2)

In Equilibrium 3, i.e., (((No, Stay), (No, Drop)), ((No, Stay), (No, Drop))), the venture capitalists
compete if both receive a good signal, if only one receives a good signal and the other one receives a bad

signal, only the one with the good signal continues, and they both terminate if both receive a bad signal.
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Equilibrium 4: (((Yes, Drop), (Yes, Stay)), ((Yes, Drop), (Yes, Stay))) This strategy profile

is a Bayesian equilibrium under the conditions

I > py™ —20up,m1 (7TM — 7TD) + wa#w (Eq. 4-1)

and

I > ppr™ —204pf (7™ — 7P) + UQI%WM. (Eq. 4-2)

In Equilibrium 4, i.e., (((No, Stay), (No, Drop)), ((No, Stay), (No, Drop))), the venture capitalists always

syndicate.

Now that we have characterized the conditions for those equilibria to exist, we check whether these
equilibrium conditions are compatible with the conditions for which the truthtelling incentive compatibility
constraints were violated.

We start with Equilibrium 1. Note that, for any p € (0,1) and a € [3,1[, the minimum investment level
required by (Eq. 1-2) is smaller than the minimum investment level relevant for our analysis (see assumption
1), which coincides with the left end of the interval for (IC-Violation #1)%. Therefore, (Eq. 1-2) holds in
the whole interval under consideration and we can ignore it in the remainder of the analysis.

Let us first turn to (IC-Violation #2). Here, we find that (Eq. 1-1) is incompatible with (IC-Violation #2)
whenever we are in cases (iv) and (v), as p,7M — 20gpg (7TM — 7TD) —l—% (pg —p) ™™ < pymM —pg (7TM — 7TD)
holds only for regions in the a — p space for which cases (iv) and (v) do not exist. We can therefore state

the following:

Remark 3 In cases (iv) and (v), for I € [pym™ — 2]9527 (7™M — 7P)  pgmM —pg (7™ — 7P)], Equilibrium 1

does not exist, irrespective of the degree of competition.

Let us now turn to (IC-Violation #1). Now, note that Equilibrium 1 exists in (IC-Violation #1), as long
as

pbﬂ'M 7p% (7rM 771'D) > pgﬂ‘M _ 2crgp§ (ﬂ'M — 7TD) + 5 (pg —p)Tf

This holds in the areas labelled as (1a) in both figures 13 (for strong competition) and 14 (for lax competition),
which are situated in each figure above the upper green line. Note, furthermore, that Equilibrium 1 does

not exist in the interval (IC-Violation #1), as long as

M

1
pym™ — 20gp§ (7™ — 7TD) + 3 (pg —p) ™ > ppr™.

This holds in the areas labelled as (1¢) in both figures 13 (for strong competition) and 14 (for lax competition),
which are situated in each figure below the lower green line. In addition to these areas, we have included in

figures 13 and 14 the areas for which cases (i) — (v) exist, divided by black solid lines.

M 2_o
SppM — pZ (7M — xP) > pyrM — 20 ypypy, (7 — 7D) — % (p—pp) ™ & D > pb%(;f;:)prp €[0,1]Va € [%, 1[.
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The observations made here lead to the following result:
Remark 4 For (IC-Violation #1), i.e., for I € [pym™ —p? (a™M — 7P, pyn™M],

1. and 7P = 0, Equilibrium 1 does not exist in cases (iii) - (v), the least competitive equilibria, it exists
in case (ii) only for sufficiently high p and I (area 1b), it exists in case (i) for sufficiently high p and
any I (area 1a), and if p is insufficiently high, then it exists for sufficiently high I (area 1b). It does

not exist otherwise (area 1c);

2. and 7P = %, Equilibrium 1 does not exist in cases (w) and (v), it exists in cases (i) - (iii) for
sufficiently high p and any I (area 1a), and if p is insufficiently high, then it exists for sufficiently high

I (area 1b). It does not exist otherwise (area 1c).

0.8 (1a)
@

(€]

0.5 0.6 0.7 0.8 0.9 1 a

Figure 13: Existence of equilibrium 1 for p,7™ < I < pya™ —

p? (7TM - 7rD) for strong competition (7P = 0). -

w

0.5 0.6 0.7 0.8 0.9 1 a
M

Figure 14: Existence of equilibrium 1 for py7™ < I < ppr™ —
pi (7™ — 7P for lax competition (7P = 7™ /2).
Equilibrium 1, where venture capitalists always syndicate their investments, only exists in intervals where
they would have continued one project only with public signals as well. In other words, having private signals

does not have detrimental effects for competition in Equilibrium 1.
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Let us turn to Equilibrium 3. Note that in (IC-Violation #2), both (Eq. 3-1) and (Eq. 3-2) hold.
This is so because: (1) the upper bound of (IC-Violation #2) is smaller than the maximum investment for

Equilibrium 3 to exist, i.e.,

M 2

PgT — Py (7TM —7rD) <pg7rM —ogpg (7TM —7TD);

and, (2) the lower bound of (IC-Violation #2) in cases (iv) and (v), is larger than the minimum investment

level for Equilibrium 3 to exist, i.e.,

pb7TM — OgDPbPg (7TM — 7TD) < pbﬂ'M.

Therefore, the following result holds:

Remark 5 In cases (iv) and (v), if I € [pgm™ —2p2 (7™ —7P)  pyn? —p2 (7™ — «P)], Equilibrium 3

exists for all degrees of competition.

Let us turn to (IC-Violation #1). Comparing (Eq. 3-1) and (Eq. 3-2) with the boundaries of (IC-
Violation#1), we are left with five different scenarios, (3a)-(3e), which we depict in figure 17. The cutoff
points in the figure are defined as follows: 1 and 2 refer to the boundaries of (IC-Violation #1), i.e.,

1:=ppyeM — p% (7TM — P ) and 2 := ppm™; 3 refers to the minimum investment level for which Equilibrium

3 exists, i.e., 3 := pyr™ — T gPbPyg (7rM — 7P ); and, finally, 4 refers to the maximum investment level for
which Equilibrium 3 exists, i.e., 4 := pgﬂ'M — agpg (7TM — 7TD).
(3a) —+ —t t
3 41 2
(3b) — : :
1 4 2
(3c) ——————+—— : :
1 3 4 2
(3d) : ; P—
1 3 2 4
(3e) : ; —

[
N
N

Figure 17. Equilibrium 3 exists for I in the green intervals.
Comparing the cutoffs for different values of a and p, as well as for various degrees of competition, we
can state the following result, which is also represented graphically in figures 18 (for strong competition)

and 19 (for lax competition).
Remark 6 For I € [pbﬂ'M — pf (7rM — 7TD) ,pwa]

1. and 7P =0, Equilibrium 3 always exists for sufficiently high a and sufficiently low p (area Se); it exists
for sufficiently high I for low p if a is too low (area 3d); it exists for intermediate values of I if a is
low and p sufficiently high (area 3c); it exists for sufficiently low I if p and a take intermediate values

(area 3b); and, it does not exist if both a and p are too high (area 3a);
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2. and P = %, Equilibrium 8 always exists for some I. It always exists for sufficiently high a and
sufficiently low p (area 3e); it exists for sufficiently high I for low p if a is too low (area 3d); it exists
for intermediate values of I if a is low and p sufficiently high (area 3c); and, it exists for sufficiently

low I if p and a take sufficiently high values (area 3b).

p

Figure 19. Existence of Equilibrium 3 for lax competition.
Interestingly, there are, therefore, situations (in areas (i¢) — (v)) where, by playing Equilibrium 3, venture
capitalists would compete if both received a good signal, (s1, s2) = (g, ¢g), where they would have syndicated

instead with public signals.

Let us finally examine Fquilibrium 4. Note first that (Eq. 4-2) holds whenever (Eq. 4-1) does, as

Do _pgﬂ_M

Pg —DPb _Mm
> =7,

ppe™ — 20bp12, (7TM — 7rD) +o04 5

< pgwM — 204pgPy (7TM — 7TD) + op

Therefore, we can ignore (Eq. 4-2) here.
First, note that the minimum investment for Equilibrium 4’s existence exceeds the maximum investment

in (IC-Violation #2), i.e.,

Pg — Db
pgwM — 20bPgPb (7TM — 7rD) + abgTﬂM > pgwM —
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We therefore have the following result:

Remark 7 In cases (iv) and (v), for I € [pym™ — 2p§ (7™M — D) pgm™ —pg (7™ — 7P)], Equilibrium 4

does not exist, irrespective of the degree of competition.

Second, note that the minimum investment for Equilibrium 4’s existence exceeds the minimum investment
in (IC-Violation #1), i.e.,

Dy —pwa

M _ _D
3 )-

pgwM — 20ppgDy (’R’M . 7TD) + o > pwa . pg (7r -7

This means that for small investment levels in (IC-Violation #1), Equilibrium 4 does not exist. In fact,
it does not exist in (IC-Violation #1) as long as the minimum investment for Equilibrium 4’s existence is

larger than the maximum investment in (IC-Violation #1), i.e., as long as

— Db
pgﬂ'M — 20ppgDy (TK’M — 7TD) + Ubuﬂ'M > pbﬂM.

This inequality holds in the areas labelled as (4b) in both figures 20 (for strong competition) and 21 (for
lax competition), which are situated in each figure below the green line. Therefore, Equilibrium 4 does not

exist in (4b) and it exists for I > py,m™ — 20,p,py, (ﬂ'M - 7rD) + O'b&;ﬂﬂ'M in (4a).

Remark 8 For I € [pwa —p? (TK’M — 7TD) 7pbﬂM] , irrespective of the degree of competition, Equilibrium 4
does not exist in cases (ii1) — (v), the least competitive equilibria, it exists in cases (i) and (ii) for sufficiently

large p and I (area 4a).

0.8 “Gay
@

0.6 (4b)

Figure 20. Existence of Equilibrium 4 for strong competition.
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0.5 0.6 0.7 0.8 0.9 1 a
Figure 21. Existence of Equilibrium 4 for lax competition.
Equilibrium 4, where venture capitalists always syndicate their investments, only exists in intervals
where they would have continued one project only with public signals as well. In other words, having private
signals also does not have detrimental effects for competition in Equilibrium 4, similarly to the situation in

Equilibrium 1.

These results can be summarized in the following proposition:

Proposition 3 With private signals, in the symmetric Bayesian equilibria, (1) venture capitalists do not
syndicate in cases where they would have competed with public signals; (2) they do, however, compete in cases
where they would have syndicated or continued alone with public signals; and, (3) in one of the symmetric
Bayesian equilibria, both venture capitalists drop out if both receive a bad signal, whereas one of them would

have continued alone with public signals.

5 Conclusion

In this paper, we have provided an alternative rationale for syndication to occur, than the ones proposed so
far by the existing literature on venture capital. In our model, syndication is associated with the elimination
of viable projects, when the innovations they would lead to would be rival in the final markets otherwise.
We have analyzed the incentives to syndicate both for the cases of public and private signals acquired
by the venture capitalists prior to their investment decisions. Under public signals, our results confirm that
venture capitalists have incentives to syndicate, i.e. to eliminate the potentially competing ideas, when they
received good signals, and the level of the investment required to develop the ideas is not too high. Thus,
syndication is detrimental to social welfare, as competition would have been otherwise viable whenever
syndication is instead chosen. Under private signals, this detrimental effect for social welfare is reduced:
when venture capitalists cannot send credible messages about the nature of their signals, competition may

replace syndication. An additional effect has been obtained, which is welfare decreasing instead. Under
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private signals, if venture capitalists both receive bad signals, they happen to abandon their ideas while one

of them would have continued it under the public signals environment.
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Appendix

A Properties of the equilibrium configurations of ventures for the
public signals case

Case (1)

Lemma 1 In equilibrium, ifpgwM —pg (7TM — 7TD) < ppyM —p% (7TM = 7TD) and

1. pp™M — pf (7rM — 7TD) < I < py™, then only one project is continued by one of the VCs alone,
irrespective of the combination of the signals received by the VCs;

2. pp™ < I < pym™M, then only one project is continued (i) by either of the VCs if both received a good

signal, or (ii) by the only VC who received a good signal. Both projects are terminated otherwise.

Case (i7)
Lemma 2 In equilibrium, if pg7rM — 2p3 (7TM — 7TD) < ppM — pf (7rM — 7TD) < pgﬂ'M — pg (7TM — 7TD) <
pe™ and

1. pym™ — p% (ﬂ'M — 7TD) <I< pgwM — pz (ﬂ'M — 7TD), only one project is continued (i) by syndication
if both VCs received a good signal, or (ii) by one VC alone otherwise;

2. pgﬂ'M —pg (7TM — 7TD) < I < py™, only one project is continued by one of the VCs alone, irrespective
of the combination of the signals received by the VCs;

3. ppeM < T < pgwM, only one project is continued (i) by either of the VCs if both received a good signal,

or (ii) by the only VC who received a good signal. Both projects are terminated otherwise.
Case (iii)

Lemma 3 In equilibrium, ifpgﬂ'M—ng (ﬂ'M — 7TD) < pbﬂ'M—pi (7TM — 7rD)

oo™ < pgrM—p2 (7M — 7P,
and

1. ppynM — i (TK’M —7TD) < I < pym™, only one project is continued (i) by syndication if both VCs
received a good signal, (ii) by the only VC who received a good signal, or (iii) by either of the VCs otherwise;

2. ppM < I < pymM ,pg <7TM - 7rD), only one project is continued (i) by syndication if both VCs received
a good signal, or (ii) by the only VC who received a good signal. Both projects are terminated otherwise;

3. pgﬂ'M — pg (7rM — 7TD) <I< pgﬂ'M, only one project is continued (i) by either of the VCs if both
received a good signal, or (ii) by the only VC who received a good signal. Both projects are terminated

otherwise.

Case (iv)
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Lemma 4 In equilibrium, ifpbﬂ'M—pg (TK’M — 7TD) < pg7rM—2p§ (7TM — 7rD) < pp™ < pgﬂ'M —p?] (ﬂ'M — 7rD)
and

1. pp™ — p? (7TM — 7TD) <I<pymM— 2p§ (7TM - 7rD), both projects are continued if both VCs receive
a good signal. Only one project is continued (i) by the only VC who received a good signal, or (ii) by either
of the VCs who received a bad signal;

2. pymM — 2p§ (7rM 77TD) < I < ppy™, only one project is continued (i) by syndication if both VCs
recetved a good signal, (1) by the only VC who received a good signal, or (iii) by either of the VCs otherwise;

3. ppmM < I < pgﬂ'M —pg (7rM — 7TD), only one project is continued (i) by syndication if both VCs received
a good signal, or (ii) by the only VC who received a good signal. Both projects are terminated otherwise;

4. pgﬂM fpf] (7TM — 7TD) <I< pg7rM, only one project is continued (i) by either of the VCs who received

a good signal, or (ii) by the only VC who received a good signal. Both projects are terminated otherwise.

Case (v)

Lemma 5 In equilibrium, if pym™ < pgﬂ'M — 2p3 (7TM — 7TD) and

1. ppm™M — pi (7rM - 7TD) < I < ppe™, both projects are continued if both VCs receive a good signal.
Only one project is continued (i) by the only VC who received a good signal, or (ii) by either of the VCs who
received a bad signal;

2. ppM < T < pg7rM—2p3 (7TM — 7rD), both projects are continued if both VCs receive a good signal. Only
one project is continued by the only VC who received a good signal. Both projects are terminated otherwise.

3. pgwM — 2p§ (7TM — 7rD) <I< pgwM —pg (7TM — 7rD), only one project is continued (i) by syndication
if both VCs received a good signal, or (ii) by the only VC who received a good signal. Both projects are
terminated otherwise;

4. pgﬂM fpg (7TM — 7TD) <I< pgﬁM, only one project is continued (i) by either of the VCs who received

a good signal; or (ii) by the only VC who received a good signal; and both projects are terminated otherwise.

B Checking of the Incentive Compatibility constraints (ICs) for
the private signals case

Case (i7)

e Assume first pym™ —p? (7TM — 7rD) <I< pgﬂ'M — pg (ﬂ'M — 7TD)

— x If sy = g and my = g, then VC; gets

1
995 (pg”M - I) +op (pg”M - I)
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x If s = g, but my; = b, then VC gets

1 1
oy (g +pg (1= pg) 7™ = 1) + 0 (5 (pgpsm” +pg (1 —pp) 7™ — 1) + 5 (pgm™ —I)>

x If s; = b and m; = b, then V' gets
1 M
Ug-O—‘rO'b§ (pbﬂ' —I)

x If s = b, but m; = g, then VC; gets

1
o4 Po tPb M _ g + oy (ppr™ — 1)
2 2
e Assume now pgﬂ'M — pg (7TM — 7rD) <I<pynM

—  x If sy = g and my = g, then VC gets

1
o3 (pgwM —1I)+oy (pgwM —1)

x If s = g, but my = b, then VC; gets

1
o4 .0—1—01,5 (pgwM —I)

x If s; = b and m; = b, then V' gets
1 M
04 0+0b3 (ppm™ — 1)
x If s = b, but m; = g, then VC gets

Ug% (pbﬂ'M - I) + oy (pbﬂ'M — I)
e Assume now pmM < I < pyn™
— % If s = g and my = g, then VC; gets
Jg% (pgm™ = 1) + 0y (pgm™ = 1)
x If s = g, but m; = b, then VC gets
og- 040y (pgm™ —1)
x If s; = b and m; = b, then V(' gets
0g:-0+0,-0

x If s = b, but m; = g, then VC; gets

0g-0+0p-0
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Case (iii)
o Assume first p,m™ — p? (7TM — 7rD) < I < pyeM
— % If sy = g and my = g, then VC gets
1 M M
095 (pg7r — [) + oy (pg7r — [)

x If s = g, but my = b, then VC gets

1 1
og (P2m” +py (1 —pg) 7™ = 1) + 00 <§ (pgpom® +pg (1 —pp) 7™ — 1) + 3 (pgm™ —I)>

x If s1 = b and m; = b, then V(' gets
1 M
Jg-0+ab~§(pb7r —I)

x If s = b, but m; = g, then VC; gets

1 +
%935 <]%77M—I> + oy (pp™ = 1)

e Assume now py™ < I < pyr? —p2 (7™M — 7P)

— % If sy = g and my = g, then VC gets

1
%3 (pgwM —1I)+oy (pgwM —1)

x If s1 = g, but my = b, then VC gets
o4 (pf]?rD +pg (1 *pg)TFM - I) + oy (ngM - I)
x If sy = b and m; = b, then VC; gets
0g:-0+0,-0

x If s = b, but m; = g, then VC gets

1
G'g§ (pgT—’_pbﬂM—I> +o0p-0

e Assume now pgwM — pg (7TM — 7rD) <I< pgwM

—  x If sy = g and my = g, then VC gets

1
705 (o™ — 1) 03 (p 7 ~ 1)
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x If s = g, but my; = b, then VC gets
og-0+0p (pg7rM —I)
x If s = b and m; = b, then V' gets
0g:-0+0,-0
x If s = b, but m; = g, then VC; gets
0g-0+0p-0
Case (iv)
e Assume first pb7rM —pg (7TM — 7rD) <I< pgﬂ'M — 2p3 (7TM — 7rD)
—  x If sy = g and my = g, then VC gets
Og (pZWD +pg (1= pg) 7™ 1) + 0oy (pgr™ 1)

x If s = g, but my; = b, then VC gets

1 1
og (P2m” +py (1 —pg) 7™ = 1) + 00 <— (pgpom® +pg (1 —pp) 7™ — 1) + 5 (pgm™ —

2

x If s; = b and m; = b, then V' gets
1 M
ag-0+ab-§ (prr ,])

x If s = b, but m; = g, then VC; gets

0g-0+o0y- (pmrM —I)

e Assume now pgﬂ'M — 2p§ (7rM — 7TD) < I < pyM

— % If sy = g and my = g, then VC; gets

1 M M

995 (pg™ = 1) + 0 (pgm™" — 1)

x If s = g, but my = b, then VC gets

1))

1 1
og (D577 +pg (1 —pg) 7™ = 1) + 0y <— (pgpom® +pg (1 —pp) 7™ — 1) + 3 (pgm™ —I)>

2

x If sy = b and m; = b, then VC; gets

1
ag-0+ab-§(pb7erI)
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x If s = b, but m; = g, then VC gets

1 +
05 (%TFM—I) +Jb-(pb7TM—I)

e Assume now b7TM <I <p 7TM —p2 7TM —7TD
p g g

—  x If sy = g and my = g, then VC gets

1
ag§ (pgwM — I) + op (pgwM — I)

x If s = g, but my = b, then VC; gets
o4 (pZﬂ'D +pg (1 —pg) M — I) + oy (pgﬂ'M - I)
x If s1 = b and m; = b, then V' gets
0g-0+0p-0

x If s = b, but m; = g, then VC; gets

e Assume now p,mM — pg (7TM — 7TD) <I<p,mM
— % If sy = g and my = g, then VC; gets
1 M M
995 (pgm™ = 1) + 0 (pgm™" — 1)
x If s = g, but my = b, then VC; gets
700+ o1 (pgr — 1
x If sy = b and m; = b, then VC; gets
0g:-0+0,-0
x If s = b, but m; = g, then VC gets
0g-0+0p-0
Case (v)

o Assume first 7™ — p? (7TM — 7rD) < I < pyrM
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— x If sy = g and my = g, then VC; gets

Og (ngD +pg (1 _pg)ﬁM _I) +0b (ngM _I)

*

If s;1 = g, but my = b, then VCp gets

1 1
og (Pom” +py (1 —pg) 7™ = 1) + 00 <— (pgpom® +pg (1 —pp) 7™ — 1) + 5 (pgm™ —

2

*

If s = b and my; = b, then VC gets
Jg-0+ab~%(pb7rM—I)
x If s = b, but m; = g, then Vi gets
0g-040y- (pbﬂ'M —I)
e Assume now pwa <I< pgwM — 2p§ (ﬂ'M — 7TD)
—  x If sy = g and my = g, then VC gets
o (pi?rD +pg (1 *pg)TFM - I) + oy (ngM - I)
x If s = g, but my = b, then VC gets
Og (pSWD +pg (1= pg) 7™ = I) + oy (pgr™ 1)
x If s; = b and m; = b, then V(' gets
0g-0+0p-0
x If s = b, but m; = g, then VC gets
0g-0+0p-0
e Assume now p,mM — 2p§ (7TM - 7rD) <I<pymM — p?, (7rM — 7TD)
— % If s = g and my = g, then VC gets
1 M M
995 (pgm™ = 1) + b (pgm™" — 1)
x If s = g, but m; = b, then VC; gets

99 (szJWD +pg (1 —pg) 7 —1I)+oy (pgﬁM —1I)
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x If s1 = b and m; = b, then V(' gets
0g~0+0b~0
x If s = b, but m; = g, then VC; gets

1
705 (B2t 1) £ 0

e Assume now p,mM — pg (7TM — 7TD) <I<p,mM
—  x If sy = g and my = g, then VC gets
og% (pgﬂ'M — I) + oy (pgﬂ'M — I)
x If s = g, but my; = b, then VC gets
04040y (pgﬂM —I)
x If sy = b and m; = b, then VC; gets
0g-04+0p-0
x If s = b, but m; = g, then VC gets
0g-0+0p-0
C Bayesian Equilibrium Candidates

Expected Payoffs if the other plays ((Yes, Stay), (Yes, Stay))

1. s1=g9

(a) (Yes, Stay)

"2\ 2
1
= = |ogpgm oql + pg+pb7rM oyl
2 2
1
= 5(ngqﬂ' —og,0+(1 O'g)p?qﬂ'M—l—% M—O’I)
1
1
2
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(b) (Yes, Drop)

1 1 (ps+0p
095 (pgﬂ'M —I) +0b§ (gTbﬂM —I>

(¢) (No, Stay)

og (pZﬂ'D +pg (1 —pg) oM — I) + oy (pgpbﬂ'D +pg (1 —ps) M — I)

= ppr? +pg(L—p)at — 1

(d) (No, Drop)

Ug-0+0'b'0

.81:b

(a) (Yes, Stay)

1 1
P (pg +pbﬂ_M —I) +0b§ (pbﬂ'M —I)

2
_|_
%WM —ogl + abpwa — O’bI)

1,
S UV N ¥ N Ul ) 07 S gt Vs
2 2 2

(b) (Yes, Drop)

1
(pg TP o

1
7573 ) +ovg s 1

(¢) (No, Stay)

og (Popgm® +py (1 —pg) 7™ —I) + oy (Ppr” + po (1 — pp) 7™ — 1)

= pbwa+pb(1—p)7rM—I

(d) (No, Drop)

0g-0+4+0p-0
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3. (((Yes, Stay), (Yes, Stay)), (( Yes, Stay), (Yes, Stay))) is not an equilibrium as it requires

1 1 +
%93 (pgﬂ'M —1I) —|—0b§ (Z%TFM —I> > o, (pﬁﬂ'D +pg (1 —pg) 7™M —1)

+o1, (pgpum® + pg (1 — pp) 7™ — 1)

%(%WM—I) > pgpr” +pg (1 —p) ™ — 1
pgT—'_pﬁM -1 > 2pgp7rD +2py (1 —p) =)
I > 2pgp7rD — 2pgp7TM + 2pg7rM — %’WM — gTFM
I > Z%%WM — 2pgp (7TM — 7TD)
and
70 (P 1) o (= 1) = oy (e (1= ) 1)
+o, (P + po (1= py) ™ = 1)
%(#WM—ld > pepr” +ppy(1—p) ™ —1
I > 2pyprP +2p, (1 —p)a™M — I%TH)WM
I > 2pppr? = 2pppr™ + 2ppe™ — %ﬂ'M — Z—SWM
I > M%WM — 2ppp (7rM — 7TD)
and as

pb7rM —pg (7rM — 7TD) <I
by assumption 1, and

3py — p

5 7TM—2pbp(7rM—7rD)<pb7TM—p§(7TM—7rD)

we have

3, —
Db pﬁM

5 72pbp<7TM77TD)<[

Expected Payoffs if the other plays ((No, Stay), (Yes, Stay))
1. s1=g

(a) (Yes, Stay)

(b) (Yes, Drop)



(c) (No, Stay)
Og (pgﬂD + Dg (1 _pg) M — I) + oy (pgpbﬂ'D + pg (1 _pb) aM - I)

(d) (No, Drop)
Og -+ 0+o0p-0
2. S1 = b
(a) (Yes, Stay)
1
o (pbpgﬂ'D +pp (1 —pg) M — I) + T35 (prrM — I)
(b) (Yes, Drop)

1
Og- 0+0b§ (prrM fI)

(¢) (No, Stay)

o4 (pbpng +pp (1 —py) 7™ — I) +oy (pgﬂD +pp (1 —pp) 7™M — I)

(d) (No, Drop)
Og 0400

3. (((No, Stay), (Yes, Stay)), ((No, Stay), (Yes, Stay))) is not an equilibrium because

1 1
ag(pbpng +pp (1 —pg)wM —I) +O’b§ (pwa —I) < ag.0+ab§ (pmrM —I)

<0

Expected Payoffs if the other plays ((Yes, Stay), (No, Stay))
1. s1=g

(a) (Yes, Stay)
1
o5 (pgm™ — 1) + o (pgpem® +py (1 —pp) 7™ — 1)

(b) (Yes, Drop)
1
T3 (pgwM —1I)+0,-0

(c) (No, Stay)
og (P27 +py (1= pg) 7™ = I) + b (pgpor” + pg (1 — ) 7™ — 1)

(d) (No, Drop)
0g-0+0p-0
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2. 51 = b
(a) (Yes, Stay)
ag% (Z#WM - I) + oy (ppm? +py (1 —po) 7™ — 1)
(b) (Yes, Drop)

1
ag§ (#WM—I> +o0p-0

() (No, Stay)
o4 (pbngD +pp (1 —pg) M _ I) + oy (pﬁwD +pp (1 —pp) 7™M — I)

(d) (No, Drop)
0g:-0+0,-0

3. (((Yes, Stay), (No, Stay)), ((Yes, Stay), (No, Stay))) is not an equilibrium because

1 +
Ug(pbpng +pp (1 —py) ™ —1I) +Ub(p§7TD +pp (1 — pp) 7 -I)< 095<%TFM —I) +o,-0

<0 <0

>0
Expected Payoffs if the other plays ((No, Stay), (No, Stay))
1. s1=g
(a) (Yes, Stay)
g (g +pg (1= pg) ™ = I) + oy (pgpem®” + py (1 — pp) 7™ = 1)

(b) (Yes, Drop)
0g-040p-0

(¢c) (No, Stay)
Og (pgﬂD + Dy (1 _pg) o — I) + 0y (pgpbﬂ'D + Dy (1—pp) M — I)

(d) (No, Drop)
0g-0+0,-0

2. S1 = b
(a) (Yes, Stay)

og (popgm® +py (1 —pg) 7™ — 1) + o (ppr” + po (1 — pyp) 7™ — 1)
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(b) (Yes, Drop)
0g:-0+0,-0

(c) (No, Stay)
o4 (pbpgﬂ'D +pp (1 —py) M _ I) + oy (p%ﬂ'D +pp (1 —pp) M _ I)

(d) (No, Drop)
0g-0+0p-0

3. (((No, Stay), (No, Stay)), ((No, Stay), (No, Stay))) is not an equilibrium because

O'g(pbpgTFD +p (1 fpg)wM fI) +ab(p§7rD+pb (1—pp) M —I) <0og-0+0,-0

<0 <0

Expected Payoffs if the other plays (( Yes, Stay), (Yes, Drop))
1. s1 =9

(a) (Yes, Stay)
(b) (Yes, Drop)
(c¢) (No, Stay)

(d) (No, Drop)

(a) (Yes, Stay)

1
(pg +pb7TM I> +Ub§ (pwa 71—)

1
999 \7 2

(b) (Yes, Drop)
L (pg+p0 1 M
0'95 (QTTF _I +0'b§ (pbﬂ' —I)

(c) (No, Stay)
og (popgm® +py (1 = pg) 7™ — 1) + oy, (ppr™ — 1)
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(d) (No, Drop)
0g:-0+0,-0

3. (((Yes, Stay), (Yes, Drop)), ((Yes, Stay), (Yes, Drop))) is an equilibrium if

1 1 +
Jgi(ngM—I)+Ub§ (%WM—I> > Jg(pf]wD—i—pg(l—pg)wM—I)—|—ab(pg7rM—I)

1 1
—3 (og+o0p) I+ (0g+0)] > o4 (pEﬂ'D +pg (1 —pyg) ﬂ'M) + prgwM — agipgﬂ'M

1 Dg + Do
O’b2 5 s
1 1
5[ > O'gp37TD +ogpg (1 —py) M 4 prgWM — Ug§pg7rM

Ipg+mo
0'b2 5 ™
I > ZnggﬂD — 20gp§7rM + 2ngg7rM + Qprgﬂ'M — nggﬂM

_Gbpg ;pwa

Pg + Do
I > pgﬂM — 2crgp£27 (7rM — 7TD) — <crgpg + abgT> oM +pg7rM

I > pgﬂM — 209103 (’R’M — 7TD) — (Jgpg +(1—0y) Py + O’b@) oM

2 2
+pg7TM
I > pgﬁM - 2crgp£27 (7rM - 7TD) - (% + crgp?g + ab%) M +pg7rM
I > pgﬂM — Qng?] (ﬂ'M — 7TD) — UQ%WM — O'b%ﬂ'M +pg7TM — %WM
1
I > pgwM — Qng?] (ﬂ'M — 7TD) + 3 (pg —p) i
and
1 + 1
%3 (%WM—I) +0b3 (oo™ = 1) > oy (pepem® +pp (1 —pg) 7™ — 1) + 0y (pom™ — 1)
1 1 1p,+ Db
—Ug§I — O’b§I +ogl +opl > O'gpbﬂ'M + O’bpbﬂ'M + nggpbﬂ'D — nggpbﬂ'M — 095%77]”
L n
_Ubipbﬂ'
I 1pg + oo 1
- > pb7TM — OgPgPb (7TM — 7rD) —0g% g M — ab—pwa
2 2 2 2
Dg + Db
I > pr™— 204pgpy (WM - WD) - UggTWM — oppp™ + py™
Db p
I > paM— 20 4pgpy (7TM — 7TD) — O'ggﬂ'M — ag?‘qu — oppp™M
+pb7TM
1
I > pr™ = 20gpgpy (7 = 7P) — = (p—pp) 7

2

Expected Payoffs if the other plays ((No, Stay), (Yes, Drop))
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1. s1=g

(a) (Yes, Stay)

1 Dg +pb M
o4 (p?]ﬂ'D +pg (1 —pg)wM — I) + op—= (—7r I)

(b) (Yes, Drop)
0g-0+0,-0
(c) (No, Stay)
M
o4 (png +py (1 —pg) 7™ — I) + oy (pgm™ = 1)
(d) (No, Drop)
0g-0+0p-0
2. S1 = b
(a) (Yes, Stay) X
M
Og (pbngD + o (1 = py) M — I) + Y (pb7r - I)
(b) (Yes, Drop) !
og-0+ O'b§ (pbﬂ'M — I)
(¢) (No, Stay)
M
og (Popgm™” +py (1 —pg) 7™ — 1) + o (pom™ — 1)
(d) (No, Drop)

0g-0+0p-0

3. (((No, Stay), (Yes, Drop)), ((No, Stay), (Yes, Drop))) is an equilibrium if

1 (pg+pb M
M 2nD - M_1 +a—<—w I)
Og (p?;”Derg(l*pg)”M*I)Jrab(pg” *I) > 0y (pg7T +pg (1 —pg)m ) by 5
Lpg+po _n op
prgﬂM _JbﬁgTﬂ > 7]
_|_
2pg7TM—Z¥7TM > 1
—gpgipbﬂ'M > 1
2
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and

1
09.0—1—01)5 (pbﬂM -I) > oy (pbngD +pp (1 —pg) ™ —1I)+oy (pbﬂ'M —1)

1 1
—0b§I +ogl +opl > ngbpgﬂ'D +ogp (1 —pg) M 4 §0bpb7TM

—opl + 2041 + 20,1 > 20‘gpb7TM + prbWM + 2ngbpgﬂ'D — 2ngbpgﬂ'M
200 +0pI > 20gpb7rM + prbﬂM — 204DbPg (’R’M - 7TD)

1409 > (1+ Ug)pwa — 20 3PPy (7TM — 7TD)
Oy
1+o4

I > paM—2 DbPg (7rM — 7TD)

Expected Payoffs if the other plays ((Yes, Stay), (No, Drop))

1. s1=g

(a) (Yes, Stay)
O'g% (pg7rM — I) + oy (pg7rM — I)

(b) (Yes, Drop)

ag% (ngM —1I)+0,-0
(c) (No, Stay)
Og (png +pg (1 —py) ™ — I) + o (ngM — 1)
(d) (No, Drop)
0g-0+4+0p-0

2. s51=0>

(a) (Yes, Stay)
1
%3 (p_g ;rpwa - I> + oy (ppr™ — 1)
(b) (Yes, Drop)

L (pg+po
(a2
(c) (No, Stay)

o4 (pbpgﬂD +po (1 —py) M — I) + oy (pbﬂM — I)
(d) (No, Drop)

O'g~0+0'b'0

3. (((Yes, Stay), (No, Drop)), ((Yes, Stay), (No, Drop))) is not an equilibrium because

1
0, 0+0,-0<0y= pg—mﬂM—I + oy (™ — 1)
>0

>0

42



Expected Payoffs if the other plays ((No, Stay), (No, Drop))
1. s1=g

(a) (Yes, Stay)
o4 (p;ﬂ'D +pg (1 —pg) M I) + oy (pgﬂ'M — I)

(b) (Yes, Drop)
0g-0+0,-0

(¢c) (No, Stay)
o4 (png +pg (1 —pg)wM — I) + oy (ngM — I)

(d) (No, Drop)
0g:-0+0,-0

2. 51:b

(a) (Yes, Stay)
g (popgm® +py (1 = pg) 7 — 1) + o (por™ — 1)

(b) (Yes, Drop)
0g:-0+0,-0

(¢) (No, Stay)
og (Popgm” +py (1 —pg) 7™ — 1) + o (pom™ — 1)

(d) (No, Drop)
0g-0+0p-0

3. (((No, Stay), (No, Drop)), ((No, Stay), (No, Drop))) is an equilibrium if

Og (szJWD +pg (1 *pg)WM — I) + oy (pgwM — I) > 0
JgpgﬂM + prgWM + ng?;ﬂD - ng?/”M > 1

pg7rM — ng?] (7TM — 7TD) > 1

and

g (popgm® +pp (1 — pg) 7™ — 1) + oy (o™ = 1) < 0
O'gpbﬂ'M + prbﬂ'M + O'gpbpgﬂ—D - O'gpbpgﬁM < I

pp™ — 0 ¢PbDg (7rM - 7rD) < T
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Expected Payoffs if the other plays ((Yes, Drop), (Yes, Stay))
1. s1=g

(a) (Yes, Stay) ) 1
M Pg Do m
o nenh(amer )
(b) (Yes, Drop) : 1
M Pg+Dv M
g (o = 1)+ (P 1)
() (No, Stay)
og (pg’/TM — I) + op (pgpbwD + pg (1—pp) M _ I)
(d) (No, Drop)
2. S1 = b

(a) (Yes, Stay)
L (pg+p0 1 M
0'95 (gTﬂ' —I +O'b§ (pbﬂ' —I)

(b) (Yes, Drop)

1 /p,+0p 1
095 (gTbﬂ'M —I> —|—0b§ (pbﬂ'M —I)

(¢) (No, Stay)
o (pmrM — I) + oy (pﬁWD +pp (1 —pp) 7™ — I)

(d) (No, Drop)
0g-0+0p-0

3. (((Yes, Drop), (Yes, Stay)), ((Yes, Drop), (Yes, Stay))) is an equilibrium if

1 L (pg+mo
%95 (pgﬂ'M _ I) +0b§ (_9 5 Po M _ I> > oy (pgﬁM _ [) oy (;DgpbﬂD g (1= py) M I)
1 1
“oupl movgl oyl Tl > ogpgm + oppgm™ + oypgpem” — opepym™ — og§pg7rM
Lpg+po_m
by T
Pg 1+ Do
I > pgr™ —20upgpy (™ — 7P) + pgm™ — o gpynt — 0 =2 - M
p

I > per = 20upgpy (" = 7)) + (1 = 0g) per™ — (1= 0) EgnM

_ (1 _ Ug) %WM

Dy _pbﬂ_M

I > pgwM — 204pgPy <7TM — 7TD) + oy 5
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1 + 1
795 (MWM —I) +0b§ (p;ﬂrM -I) > oy (pwa —1I)+oy (pl2,7TD+pb (1—pp) ™ —1)

1 1p, +
ol > ngbWM+0bP§7TD+Ube(1—Pb)7rM—Ug§pg "B M

2
L u
Ub2pb77
+

I > 2ppn™ 4+ Qprgﬂ'D — 20upupe™ — agz%ﬂM — oppp™

M 2/ M ___D M M g TP _m
I > py™ —204p; (7T -7 )—|—pb7r — OpppT —O'gTﬂ'

Do

I > pyr™ —20,p7 (7TM - 7TD) + (1 =) pp™ — (1 —0y) Eﬂ'M

—(1—o0y) %WM

I > prM— Qprg (7rM - 7TD) + O'guﬂ'M

2
Expected Payoffs if the other plays ((No, Drop), (Yes, Stay))
1. s1 =9

(a) (Yes, Stay)

1 (pg+ Do
M M
Og (pg7T _I) +Ub§ (gTW —I>

(b) (Yes, Drop)

1
09'0+0b§ <pgT+pbﬂ'M—I)

(¢) (No, Stay)

g (pgm™ 1) + b (pepor” + pg (1 = pp) 7 — 1)

(d) (No, Drop)
Og 0400

2. 81:b

(a) (Yes, Stay)
1
Og (pmrM — I) + O'b§ (pmrM - I)

(b) (Yes, Drop)
1
og-0+ O’b§ (pbﬂ'M — I)

(c) (No, Stay)
og (pom™ = I) + o (ppr” +py (1 — pp) 7™ — 1)
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(d) (No, Drop)
0g:-0+0,-0

3. (((No, Drop), (Yes, Stay)), ((No, Drop), (Yes, Stay))) is not an equilibrium as

1
0g-0+0,-0< Jg(pgwM —I) +op— <MWM —I)
N 2 2

>0
>0

Expected Payoffs if the other plays ((Yes, Drop), (No, Stay))
1. s1 =g

(a) (Yes, Stay)
1
045 (pem™ = 1) + 04 (pgpor” +py (1= po) 7" = 1)

(b) (Yes, Drop)
1
T3 (pgwM —1I)+0,-0

(¢) (No, Stay)
Og (ngM — I) + oy (pgpbﬂ'D + pg (1 — pb) M _ ])

(d) (No, Drop)
0g-0+0,-0

2. 51:b

(a) (Yes, Stay)

1 +
%3 (p_g 5 Py M —I> + oy (ppm” + py (1 — pp) 7™ — 1)

(b) (Yes, Drop)

1
%95 (#WMj') +0p-0

(¢c) (No, Stay)
og (pp™ — 1) + oy (ppr” + py (1 — pp) 7™ — 1)

(d) (No, Drop)
0g-0+0,-0
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3. (((Yes, Drop), (No, Stay)), ((Yes, Drop), (No, Stay))) is not an equilibrium as it would require

1
Ugi(pgﬂM—I)+Jb'0 > Jg(ngM—I)+Ub(pgpb7rD+pg(l—pb)7rM—I)

1 1
—5091 +ogl +opl > agipgwM + prgpbwD + oppg (1 —pp) M

ool +20,1 > agpgwM + 2abpgpb7rD + 204pg (1 — pp) M
I(o,+20y) > 0,pgm™ + 20up,7™ + 204p,ppm? — 204p,ppm™
Il+o0,) > (14 O'b)pgﬂ'M — 205pgDb (ﬂ'M — 7TD)

M

Jb
I > Py — 2mpgpb (71-M — 7TD)

and

1
o4 (pmrM—I) + oy (pﬁwD—l—pb(l—pb)wM—I) > o (L—’_pwa—I) +o,-0

92\ 2
agpwa + obpiwD +oupy (1 —pp) a7 > Ug%pgT-i-pwa — Jg%I
(I+op) < crgpbﬁM - ngwM + agpbﬁM + 20,pp™ + QprfﬂD
—Qprgﬂ'M
(140 < oy <pb - w> ™ + (14 03) pp™ — 207 (7™ — 7P)
I < pyrM— 21 ibabp% (ﬂ_M _ ﬂ_D) -2 j»ga'b (Pg _pb)ﬂ_M
by assumption 1, we have
pbﬂ'M—pg (7rM —7TD) <I
which contradicts the condition
I < ppn™ — 21 _T_bobp% (ﬂ'M — 7TD) — 1_T_g0 (Pg — pv) M
as
o’ = 27 2 (7™ — 7Y — 2 (p, — py) 7 < ™ — p} (7 — 7P)
+ oy 1+ o0y

Expected Payoffs if the other plays ((No, Drop), (No, Stay))
l.s1=g

(a) (Yes, Stay)
Og (pg’/TM — I) + oy (pgpbwD + pg (1 — Pb) M _ I)

(b) (Yes, Drop)
0g-0+0p-0
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(c¢) (No, Stay)
og (g™ — 1) + b (pgpem™® + py (1 — pp) 7™ — 1)

(d) (No, Drop)
Og 0+0p-0

2. 81:b

(a) (Yes, Stay)
og (pom™ = 1I) + oy (ppm” +py (1 — pp) 7™ — 1)
(b) (Yes, Drop)
Ug-0+0'b~0
(¢) (No, Stay)
og (pom™ = I) + o (ppr? +py (1 — pp) 7™ — 1)
(d) (No, Drop)
O'g~0+0'b'0

3. (((No, Drop), (No, Stay)), ((No, Drop), (No, Stay))) is not an equilibrium as it would require

Tg (ngM _I) + o (pgpbWD +py (1 —pp) M _I) <0

and

og (o™ = I) + oy (ppn” +py (1 —pp) 7™ —1) >0

which is not possible.

Expected Payoffs if the other plays ((Yes, Drop), (Yes, Drop))
1. s1 =9

(a) (Yes, Stay)

1 +
Ug§ (ngM —I) +op= (Pg ; pwa —I)

(b) (Yes, Drop)

1 1 (py+py
g g = 1)+ g (B 2ntt 1)

(¢) (No, Stay)

Og (pgﬂ'M - I) + oy (pgﬂ'M — I)
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(d) (No, Drop)
0g:-0+0,-0

2. 51:b

(a) (Yes, Stay)

(b) (Yes, Drop)

(¢) (No, Stay)

(d) (No, Drop)
0g-0+0,-0

3. (((Yes, Drop), (Yes, Drop)), ((Yes, Drop), (Yes, Drop))) is not an equilibrium as

1 1 +
705 (0 = 1) vy (BB — 1) <y (o = 1) 0 (e = )

Expected Payoffs if the other plays ((No, Drop), (Yes, Drop))

1. s1=g
(a) (Yes, Stay)
1 +
o4 (pgﬂ'M — I) +O’b§ (Z%WM — I)
(b) (Yes, Drop)
1
09'0+0b§ <pgT+pbﬂ'M —I)

(¢) (No, Stay)
Og (ngM — I) + oy (ngM — I)

(d) (No, Drop)
0g-0+0p-0

2. 81:b

(a) (Yes, Stay)
1
Og (pmrM — I) + O'b§ (pmrM - I)
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(b) (Yes, Drop)

1
Og- O+Ub§ (pbﬂ'M —I)

(¢) (No, Stay)
og (pbﬂ'M — I) + oy (pbﬂ'M — I)

(d) (No, Drop)
0g:-0+0,-0

3. (((No, Drop), (Yes, Drop)), ((No, Drop), (Yes, Drop))) is not an equilibrium as

1
0g-0+0p-0< ag(pgwM —1) +Ub§ <pgT+pb7rM —I)

>0
>0

Expected Payoffs if the other plays (( Yes, Drop), (No, Drop))
1. s1=g
(a) (Yes, Stay)
1
995 (pm™ = 1) + 0y (g™ — 1)

(b) (Yes, Drop)
1
995 (pg™ = 1) + 030

(c) (No, Stay)
oy (pgﬂ'M —1I)+oy (pgﬂM —1)
() (No, Drop)
Og -+ O04+0p-0

2. 81:b

(a) (Yes, Stay)

1 +
o3 (p_g 5 Po M —I) + oy (pom™ — 1)

(b) (Yes, Drop)

1
T3 (p_g ;pbﬂM —I) +o0p-0

(c) (No, Stay)

og (o™ = I) + oy (ppr™ — 1)

(d) (No, Drop)
0g-0+0p-0
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3. (((Yes, Drop), (No, Drop)), ((Yes, Drop), (No, Drop))) is not an equilibrium as

1 1
7oy 0y 1) 4010 < o5 (pgr™ — 1) + o (pgm" — 1)
>0

Expected Payoffs if the other plays ((No, Drop), (No, Drop))
1. s1=g

(a) (Yes, Stay)
og (pgm™ — 1) + oy (pgm™ — 1)

(b) (Yes, Drop)
Og -+ 0+o0p-0

(¢) (No, Stay)
o4 (ngM — I) + oy (ngM — I)

(d) (No, Drop)
0g-0+0,-0

2. 51:b

(a) (Yes, Stay)
og (o™ = I) + oy (ppr™ — 1)

(b) (Yes, Drop)
0g:-0+0,-0

(¢) (No, Stay)
Og (pwa — I) + op (pwa — I)

(d) (No, Drop)
0g-0+0p-0

3. ( ((No, Drop), (No, Drop)), ((No, Drop), (No, Drop))) is not an equilibrium as

04-04+0,-0< Ug(pgﬁM fI) Jrcrb(pgﬂM ,])

>0 >0

ol



