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Abstract

This paper brings mechanism design to the study of conllict resolution in inter-
national relations. We determine when and how unmediated communication and
mediation reduce the ex-ante probability of conllict, in a simple game where conllicl
is due to asymunetric inlormation. Unmedialed communication helps reducing the
chance of conflict as it allows conflicting parties to reveal their types and establish
type-dependent transfers to avoid conllict. Mediation improves upon unmedialed
communication when the intensity of conflict is high, or when the chance of power
disparity among the players is higher. The mediator improves upon unmediated com-
munication by not precisely reporting information to conflicting parties, and precisely,
by not revealing o a player with probability one thal the opponent is weak. Surpris-
ingly, in our set up, mediators who can enforce settlements are no more effective in
reducing the probabilily of conllict than mediators who can only make non-binding
recommendations.
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1 Introduction

The positive analysis of conflict and its potential sources has attracted the attention of game
theorists for decades, in an increasingly fertile interaction with international relations schol-
ars.! On the other hand, the normative analysis about which institutions or mechanisms
we should use to reduce the possibility of conflict has not benefited by many interactions
across the two disciplines yet. In particular, the powerful tools of mechanism design de-
veloped in economic theory have not yet been extensively applied to conflict resolution or
to the minimization of the probability of future wars.? The literature on optimal auctions,
optimal market design, organization theory and public good provision mechanisms have
been very successful. Studying optimal mechanisms we can learn important lessons about
what institution designers should consider most relevant in different situations, and this
seems eminently relevant if we want to think of flexible institutions to help in the reduction

or elimination of costly conflicts.

In this paper we set for ourselves a normative objective: we select one of the most
studied sources of conflict, namely the presence of asymmetric information, and we ask what
institutional mechanisms can be most useful to minimize the probability of war in different
contexts. In particular, when the source of potential conflicts is information asymmetries,
it is natural to assume that agents could benefit by communicating. So, we first ask when
and how can cheap talk communication between the agents in conflict, without any third
party, minimize the ex ante probability of war with respect to the benchmark situation
without communication?® We then turn to the main topic of this paper: mediation. So,
we ask when and how is it the case that communication through a mediator can strictly

improve the ex-ante probability of peace with respect to unmediated communication?

We consider a very basic form of mediation: the mediator’s objective is simply the

minimization of the probability of war, an impartial objective, and the mediator does not

!See Jackson and Morelli (2009) for an updated survey of such a positive analysis work.

2As examples of the discussion in international relations on the importance of institutional design for
conflict or international cooperation, see e.g. Koremenos et al (2001). For a discussion on the lacking
applications of mechanism design to conflict, see e.g. Fey and Ramsay (2009).

30n the great relevance of allowing for pre-play communication in situations where bargaining break-
down is due to asymmetric information, see e.g. Baliga and Sjostrom (2004).



possess any additional information beyond what she can learn from communicating with
the parties in conflict.* Hence the mediator can only improve the chances of peace by
controlling the flow of information between the parties.® Moreover, the mediator has no
special powers, no independent budget for transfers or subsidies, no enforcement capability.
Thus, the mediator’s recommendations should be self-enforcing. This feature distinguishes

our problem from the standard problems studied in the mechanism design literature.®

In our environment, the mediator’s role is only that of helping communication, for-
mulating proposals, and manipulating the information received (see Touval and Zartman
(1985) for a discussion of these three principal mediator roles). In practice, this corresponds
to the mediator’s role in “collecting and judiciously communicating select confidential ma-
terial” (Raiffa, 1982, 108-09). Obviously, the role for mediation that we identify cannot
be performed by holding joint, face-to-face sessions with both parties, but requires private
and separate caucuses, a practice that is often followed by mediators. In international
relations, the practice of shuttle diplomacy has become popular since Henry Kissinger’s ef-
forts in the Middle East in the early 1970s and the Camp David negotiations mediated by
Jimmy Carter, in which a third party conveys information back and forth between parties,
providing suggestions for moving the conflict toward resolution (see, for example, Kydd,

2006).

We assume that mediator’s proposals are self-enforcing. Indeed, countries are sovereign,
and enforcement of contracts or agreements is often impossible.” In the terminology of

Fisher (1995), our main focus is on “pure mediation”, i.e. mediation only involving infor-

4As some scholars claim, “mediator impartiality is crucial for disputants’ confidence in the mediator,
which, in turn, is a necessary condition for his gaining acceptability, which, in turn, is essential for mediation
success to come about” (see e.g. Young (1967) and the list of other scholars mentioned in Kleiboer
(1996)). On the other hand, when a mediator possesses independent information that needs to be credibly
transmitted about some crucial feature of the parties in conflict, some degree of bias may be optimal (see
arguments in favor and against mediators’ bias in Kydd (2003) and Rauchos (2006) respectively).

50Our notion of communication equilibrium, with and without a mediator, is related to the concepts
introduced in the seminal contributions by Forges (1985) and Myerson (1986).

6 Among the few papers studying self-enforcing mechanisms in mechanism design problems, see Matthews
and Postlewaite, 1989; Cramton and Palfrey, 1995; Forges, 1999; Compte and Jehiel, 2006.

"Viewed another way, countries cannot commit not to initiate war if such an attack is a profitable devia-
tion from an agreement. In this sense, even if the bargaining problem comes from asymmetric information,
we also have a natural form of commitment problem built in. See Powell (2006) for a recent comprehensive
discussion of the relative importance of asymmetric information and commitment problems in creating
bargaining breakdown.



mation gathering and settlement proposal making, rather than “power mediation,” which
instead also involves mediator’s power to reward, punish or enforce. But we will also con-
clude that, surprisingly, in the context of our model the availability of enforcement power
would not reduce the ex-ante probability of conflict. The assumption that mediator’s pro-
posal are self-enforcing is formalized by requiring that, whenever a mediator recommends
a peaceful settlement of the crisis, both parties must find the proposed settlement bet-
ter for them than starting conflict (with its expected associated payoff lottery and costs)
given what they learn from the mediator recommendation itself. Since war can be started

unilaterally, this ex post individual rationality constraint is indispensable.

Having so far clarified our methodological choices and our general motivation, let us

now describe the other basic features of our model and then offer a preview of our findings.

We consider the canonical conflict situation, in which two agents fight for a fixed amount
of contestable resources. The exogenous cake to be either divided peacefully or contested
in a costly conflict is a standard metaphor for many types of wars, for example related to
territorial disputes or to the present and future sharing of the rents from the extraction of
natural resources. Custody, partnership dissolution, labor management struggles, and all
kinds of litigations and legal disputes could be considered equally relevant applications of
the model, but we keep the international conflict example as the main one in the text, also

for ease of terminology.

A player cannot observe the opponent’s strength, resolve, or outside options. In partic-
ular, we assume that each player is strong (hawk) with some probability and weak (dove)
with complementary probability. If the two players happen to be of the same type, war is a
fair lottery. When they are not of equal strength, the stronger wins with higher probability.
To complete this standard setting, we assume that all war lotteries are equally costly.® War
takes place in our game of conflict unless both players opt for peace, i.e. war can be ini-
tiated unilaterally, and we assume that the players war declaration choice is simultaneous.

The equilibrium that maximizes the ex-ante chances of peace is such that weak players opt

8Tt may be interesting to verify in future research whether allowing for different cost of symmetric and
asymmetric wars can make any difference for the main results of the paper. We believe that the additional
complexity would be more than the interesting results we could find in such an extension.
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for peace, and strong players declare war unless the hawk type is sufficiently likely.

This simple setting has been the work-horse for models of war due to imperfect infor-
mation, and it is also the setting common to the very few papers in the literature with an
explicit mechanism design agenda. Specifically, Bester and Wéarneryd (2006) study the case
in which the mediator can enforce settlements, after collecting players’ reports. Like us,
Fey and Ramsay (2009) consider self-enforcing mechanisms. Unlike us, they do not char-
acterize the optimal self-enforcing mechanism. They show that war can be fully avoided
by the optimal mechanism if and only if the type distribution is independent across players

and the players’ payoffs depend only on their types, unlike in our game.

We first study unmediated communication, to then determine when and how mediation
improves upon it. To make our case for negotiation tighter, we allow players to use public
random devices (sunspots) to correlate their play, and hence increase the ex-ante chance
of peace, in the unmediated communication game. Specifically, players send a cheap-talk
message to each other first; then, for any pair of observed messages, they correlate their
play either on war or on a peaceful cake division, depending on the realization of a public
random device. In equilibrium, it must be the case that players do not want to unilaterally
declare war, when the sunspot realization is associated to a peaceful cake division. When
hawks are not too likely, so that war cannot be avoided in the basic conflict game, the
optimal symmetric sunspot separating communication equilibrium is shown to improve on
no-communication. Specifically, it allows players to reveal their type, and establish type-

dependent cake divisions to avoid conflict. However, war cannot be fully avoided.

We then consider mediated communication. First, the mediator collects the players’
messages privately. Then, he chooses message-dependent cake-division proposals, and cor-
relates the players’ war declaration choices optimally. Peace recommendations must be
ex-post individually rational. It is clear that the mediator’s optimal solution cannot be
worse than the best equilibrium without the mediator. In fact, the mediator could always,
trivially, make the messages she receives public, thereby mimicking the optimal unmedi-
ated communication equilibrium. Thus, the usefulness of mediation can be measured by

looking at what regions of the parameters allow the mediator to induce a strict welfare



improvement.

We show that an active mediator is particularly effective when the intensity and/or cost
of conflict is high. On the other hand, when the intensity of conflict is expected to be low,
the presence of the mediator brings about strict welfare gains only for a sufficiently high
degree of expected power asymmetry. Interestingly, the intensity of conflict, the nature
of the issue, and power asymmetry are considered among the most important variables
that affect when is mediation most successful (see e.g. Bercovitch and Houston (2000) and
Bercovitch et al. (1991)). Our findings resonate with well-documented stylized facts in the
empirical literature on negotiation (Bercovich and Jackson 2001, Wall and Lynn, 1993),
that show that parties are less likely to reach an agreement without a mediator when the
intensity of conflict is high than when it is low. Further, Bercovitch et al (1991) show that
mediation is useful mostly when the dispute are about resources, territory, or in any case
divisible issues, which is our case. Regarding the role of mediation with different balances
of power between the players, we predict maximum effectiveness with high power disparity

and low intensity or with high intensity for any power disparity.’

In terms of mediator strategy or tactic, the model allows us to focus only on communi-
cation facilitation, settlement proposal formulation, separation of players, manipulation of
their messages or obfuscation of parties’ positions.!? For low intensity and sufficiently large
expected power asymmetry, the mediator’s key strategy involves proposing equal split set-
tlements even when he receives different messages. In this way the incentive to exaggerate
strength in order to receive high payoff shares is reduced and the overall probability of peace
increases. Instead, for high conflict intensity, the mediator can improve upon unmediated
communication by offering unequal splits even when he observes both players reporting to

be doves. In this way the incentives to hide strength by hawks are the ones kept in check.

In both cases the mediator’s proposed settlements do not precisely reveal each player’s
report to the counterpart. Although it is widely believed that a successful mediator should

establish credible reports to the conflicting parties, we find that a mediator that reports

9The empirical evidence on such variables is not conclusive, but mediation is often seen as the manage-
ment of power imbalances. See e.g. Davis and Salem (1984).

OFor an exhaustive discussion of all observed mediation techniques and types of mediation problems,
see the survey by Wall and Lynn (1993).



precisely all the information transmitted would not act optimally. The mediator’s opti-
mal obfuscation strategy consists in not revealing with probability one that the opponent
is weak, when this is the case. Specifically, in the case of high-conflict intensity, by not
revealing to a self-declared dove when she is facing a dove, the mediator reduces the incen-
tive for hawks to hide strength and then wage war if revealed that the opponent is weak.
In the case of low intensity with high expected power asymmetry, by not revealing to a
self-declared hawk when she is facing a dove, the mediator reduces the incentives for doves
to exaggerate strength, in order to achieve a favorable settlement when it is revealed that

the opponent is weak.

We finally conclude the analysis by showing that, surprisingly, an unbiased media-
tor who can enforce outcomes is exactly as effective as a mediator who can only propose
self-enforcing agreements. This result is quite striking because there are well known en-
vironments where the mechanism designer’s enforcement power changes the results (see,
e.g., Cramton and Palfrey, 1995, or Compte and Jehiel, 2008). This result confirms our
view that a mediator does not need enforcement power. “A mediated settlement that arises
as a consequence of the use of leverage may not last very long because the agreement is
based on compliance with the mediator and not on internalization of the agreement-changed

attitudes and perceptions” (Kelman 1958).

The paper is organized as follows: section 2 introduces our basic model of conflict;
section 3 studies unmediated communication, focusing on pure strategy equilibrium; section
4 characterizes optimal mediation, and displays the most important substantive results,
in terms of when and how mediation strictly improves upon unmediated communication;
section 5 extends the analysis to mixed strategies; section 6 compares our results with the
case of mediators endowed with enforcement powers, and section 7 concludes. All proofs

are in appendix.



2 The Game of Conflict

Let us consider a standard bilateral conflict problem, in which two parties want as much as
possible of a given cake.!'’ As it is standard, we normalize the value of such an exogenous
cake to 1. If the two parties cannot agree to any peaceful self enforcing sharing rule and
choose conflict, we assume that the destructive war would shrink the actual net value of

the cake to 8 < 1.

War is modeled as a costly lottery, without the possibility of stalemate.'? The prob-
ability of winning for each player depends on players’ types: each player can be of type
H or L, privately and independently drawn from the same distribution with probability
g and (1 — q) respectively. Such a private information characteristic can be thought of as
related for example to resolve, military strength, leaders’ stubbornness, outside options,
etc. When the two fighting players are of the same type we assume that they have the
same probability of winning, whereas when one player is stronger than the other one, she
wins with probability p > 1/2. Hence a type H player who fights against an L type expects
pf from such a conflict. In the paper we will often refer to type H as a “hawk” and to a L

type as a “dove” (with no reference to the hawk-dove game).

War can be initiated unilaterally, while “it takes two to tango,” i.e., a peaceful agreement
must be preferred by both players to war. More precisely, there is a war declaration game
for a given proposed split of the cake, (x,1—z), (z € [0,1]). In this war declaration game,
the two players simultaneously announce “peace” or “war”, and if they both announce
peace the settlement is accepted otherwise war takes place. We assume that when the two

players choose a peaceful split (z,1 — x), there are ways to implement such a split.!3 We

HDepending on the context, of course, the interpretation of what the cake means ranges from territory
or exploitation of natural resources to any measure of social surplus in a country or partnership.

12 Allowing for the possibility of stalemate makes the problem inherently dynamic. A dynamic extension
of our mediation model is definitely interesting, but beyond the scope of the present paper.

I3Tf the cake is a resource that can be depleted in a short period and does not have spillovers on relative
strength, then there is no commitment problem. A more complicated setting in which having a greater share
of the cake affects relative strength as well would make this assumption more problematic (see e.g. Jackson
and Morelli (2007)). If the cake sharing is instead to be interpreted as a durable agreement for example on
the exploitation of a future stream of resources or gains from trade, then the commitment problem is non
trivial. In this case the agreement could be about periodic tributes to be made in perpetuity, and there
are ways to implement the agreement with sufficient use of dynamic incentives. See for example Schwartz



note that there exists always an equilibrium where both players declare war in this game,
regardless of the split. In what follows, we focus on the equilibrium that maximizes the

ex-ante probability of peace V.1

The model has three parameters: 6,p, and ¢q. Yet all results depend on only two

statistics:1°
q pd —1/2
1—q¢ " 7= 12-9)2

A is the hawk/dove odds ratio, and 7 represents the ratio of benefits over cost of war for
a hawk: the numerator is the gain for waging war against a dove instead of accepting the
equal split, and the denominator is the loss for waging war against a hawk rather than
accepting equal split. Given that ~ is increasing in 8, we will also interpret situations with

low v as situations of high intensity or cost of conflict.

Throughout the paper, we assume anonymity: While we will allow splits to depend on
player’s reports, they cannot depend on the players’ identities. So, absent communication
or mediation, the only split compatible with anonymity or symmetry is the equal split
(1/2,1/2). The equilibrium that maximizes the ex-ante probability of peace is such that
low types choose peace in the war declaration game and high types choose peace if and
only if

g0/2+ (1 —q)pf <1/2, e, A>~. (1)

Hence the peace-probability maximizing equilibrium induces probability of peace V =1 if

A>7~,and V =1— (1 — q)? otherwise.

3 Communication Game Without Mediation

Let us now consider the value of communication in our basic game of conflict. We consider
a simple communication game without any mediator. We allow players to make use of

random public devices (i.e., sunspots), to optimally coordinate their play. In the next

and Sonin (2008).

HM1f ph < 1/2, conflict can always be averted with the split (1/2,1/2); we shall therefore assume hence-
forth that pd > 1/2.

15This feature will allow us to give graphical illustrations of all the results.



section we will then allow the mediator to choose recommendations without necessarily
revealing the messages she received, and the difference between the equilibria of the two

game forms will be interpreted as a characterization of the benefits of mediation.

The communication game form without the mediator is as follows:

e Time 0: players learn their type privately.

e Time 1: simultaneous communication. Each player i simultaneously chooses (possibly

randomly) a message m; € {h,l}. The messages (my, my) are publicly observed.

e Time 2: Depending on (my,ms), a split (xz,1 — x) is selected. The realization of a

public random device is observed.

e Time 3: The players simultaneously announce their war-peace declaration, on the

basis of the split and on the sunspot realization.

We want to calculate the symmetric sunspot equilibrium with the smallest possible
ex ante probability of war. We momentarily ignore mixed strategies by the players at
the message stage, we will extend the analysis to consider this possibility in section 5.
Evidently, there is always a pooling equilibrium where both types choose the same reporting
strategy, and whose outcomes coincide with the equilibrium of the war-declaration game
without communication. We now define a fully separating equilibrium in which each player
truthfully reveals her type at time 1. By symmetry, the equal split (1/2,1/2) must follow
any pair of equal messages. To characterize the rest of the equilibrium we need to introduce

the following notation:
e Given messages (h,h), the players coordinate on peace with split (1/2,1/2) with
probability pg, and on war with probability 1 — py.

e Given messages (h, 1) or (I, h) the players coordinate on peace (with allocation b > 1/2

to the hawk and 1 — b to the dove) with probability pas, and on war with probability

1—pM.
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e Given messages (I,1), the players coordinate on peace and equal split (1/2,1/2) with
probability pr, and on war with probability 1 — py,.

The players use the random sunspot realization to coordinate their play. When the
sunspot realization is associated to peace, in equilibrium, it must be that they do not

prefer to unilaterally deviate and declare war.

The optimal symmetric sunspot equilibrium in pure strategies is characterized by the

following program:

min (1 —¢)*(1 —pr) +2¢(1 — ¢)(1 — pas) + ¢*(1 — py)

b,pL P PH

subject to ex post individual rationality (IR) constraints and interim truth-telling, or in-

centive compatibility, constraints.

The ex-post IR constraints are:
b>pb, 1/2>6/2, 1—b>(1—p)b.

That is, a high type facing a low type must get a share b that makes going to war unprof-
itable against a low type. The second constraint, that a player would accept an equal split
when the opponent’s type is the same as her own, is clearly always satisfied. The third
states that the low type’s share against a high type cannot be so low that it is better for

her to go to war after all.

The interim incentive compatibility constraints are denoted by IC7 and ICY%, for low
and high types respectively. The “star” superscript refers to the fact that, when a player
contemplates deviating at the message stage, she also anticipates and takes into account
that she might prefer to declare war ex-post, although the sunspot realization suggests
the players to coordinate on peace (see Matthews and Postlewaite, 1989). In particular,
consider the right hand side of IC, below, which describes the payoff of a low type who
deviates and sends the high message, i.e. who exaggerates strength. With probability

(1 — g) the low type exagerating strength will be facing another low type. In that case,

9

she will agree to a peaceful settlement b > 1/2 if only if b >

, since the true strength of

11



the two players is equal. Conversely, the misreporting low type will face a high type with
probability ¢, and in that case she will accept the equal split if and only if 1/2 > (1 — p)é.
The IC} constraint is thus

(1-19) ((1 - pL)g +pL%> +q((1 —par)(1 =)0 +pp(1—0)) >

0 (0 pog et 5) o (@m0 D61 gm0 )

Similarly, the IC; constraint is

(1—¢q) (1 — par)pf + parb) +q ((1 - pH)g +pH;> >

(1—q) ((1 — pr)pt +meaX{;,p9}> +4q ((1 - pM)Z + py max{l — b, Z}> :

The right hand side of this constraint takes into account that if a high type deviates at
the message stage, i.e. she hides strength, then she will face a high type with probability
(1 — ¢) and a low type with probability ¢. In the first case, if offered the settlement 1/2,
she will opt for peace if and only if 1/2 > p6; in the second case, if offered the share (1 —b),

she will accept it if and only if (1 —b) > £.

Solving the above optimization program, we obtain the following characterization.

Proposition 1 The unique optimal sunspot symmetric separating equilibrium is charac-

terized as follows.

1. Suppose that v < 1.

(a) When X\ < ~v/(1+ ), both interim IC* constraints bind,

1 IL+v+A1—7)
PO =0 P =g ya -y T+ 7)1 = N1+ N2

(b) When X € [v/(1+4~),min{1/(1+7),~}], both IC* constraints bind,

vy YA
b>ph, py =1, 1 mdV=1- .
Py, Pu P TN (1+7)(1+ )2

12



(¢) When X € [1/(1+7),7), only the IC} constraint binds,

29X — 21+ \) +7
b=ph =1 =—_— dV = X
PO =L P = R n gy M 27+ A2+ )
2. Suppose that v > 1.
(a) When, A < /2, only the IC constraint binds,
B _ B 1 B 1+~
D=8 o =0 b = oy V= N A
(b) When X € [v/2,7), only the IC} constraint binds,
2\ — YA
b=pf, py=1l.pg = ——)  andV =1- .
R T Gy C+NI+N

The proof is in the appendix. Let us comment in detail on the properties of this

separating equilibrium, starting from some general ones.

First, war is never optimal when both players report low strength: p;, = 1. Second, the
truth-telling constraint for the low type, IC7, is always binding. When the truth-telling
constraint for the high type is not binding, b = pf; and when both truth-telling constraints
are binding, the ex-post IR constraint b > pf does not bind. Hence, b is either pinned
down by the ex-post IR constraint b > pf, or by the joint interim truth-telling constraints.
Third, given that the incentive to exaggerate strength is always present and needs to be
discouraged, there needs to be positive probability of war following a high report. The
most potent channel through which the low type’s incentive to exaggerate strength can be
kept in check, is by assigning a positive probability of war whenever there are two self-
proclaimed high types. When A is low (few high types) it is indeed optimal to set py = 0
and py; > 0; whereas for higher values of A\, py < 1 and py; = 1. Because war with hawks
is more costly than war with doves, threatening war with a hawk is more effective to deter
a dove from exaggerating strength, than threatening war with a dove. Further, when X is
sufficiently high, the likelihood of a hawk opponent is sufficiently high that prescribing war
against a dove is not needed to deter a dove from exaggerating strength. But when X is
low, deterring misreporting by a dove requires having a positive probability of war when

the opponent is a dove, in addition to having war for sure when both claim to be hawks.

13



The other properties of the characterization of Proposition 1 differ when v > 1 and

v < 1.

Suppose first that v > 1, so that the benefits from war are sufficiently high. Then
the ex-post IR constraint always binds, and hence b = p#; and the interim high-type
truth-telling /C'}; constraint never binds. This is because the hawk hiding strength always
prefers to wage war (both against hawks and against doves). When b = p#, in fact, the
condition v > 1 is equivalent to 1 — b < 6/2. As a result, the hawk obtains the payoff pd
against doves, regardless of her message, whereas against hawks she obtains #/2 for sure
if hiding strength, and either 6/2 (after a war recommendation) or 1/2 (after settlement)

when truthfully reporting.

Second, suppose that v < 1. For A < 1/(1 + ), the high-type truth-telling constraint
IC3% binds, and b > pf. To see why, suppose by contradiction that b = pf. For v < 1,
this would imply that 1 — b > /2. Consider a hawk pretending to be a dove. If she meets
a dove, she can secure the payoff pf by waging war. This is also the payoff for revealing
being hawk and meeting a dove: She obtains pf through war or through the split b = p#.
If she meets a hawk, she gets 1 — b with probability ps; and 6/2 with probability 1 — pyy.
By claiming to be a hawk, she gets 1/2 with probability py and 6/2 with probability py;.
But we know that py, is larger than py, and because 1 —b > 6/2, this gives an incentive to
pretend to be a dove (hiding strength) to secure peace more often than by revealing that
she is a hawk, which contradicts IC%;. To make sure that both truth-telling constraints
are satisfied, we must have b > pf, so as to reduce the payoff from hiding strength: This
reduces the payoff from settling against a hawk when hiding strength and increases the

payoff from settling against a dove when revealing to be hawk.

Next, note that pg increases in A, as in the case of v > 1. Because the incentive to
hide strength decreases as py increases relative to pys, also the optimal b decreases in .
When X reaches the threshold 1/(1+~), the offer b required for the high type truth-telling
constraint to bind is exactly pf. Further increasing A cannot induce a further decrease
in b, because the ex-post IR constraint b > pf becomes binding. So in the region where

A€ [1/(1 4 7),], the IC}, constraint does not bind and b = p#.

14



Figure 1 shows the probability of peace (our welfare measure here) induced by the
optimal sunspot symmetric separating equilibrium. For v > 1, we note that it is U-shaped
in A for A < +/2, and decreasing in A when X is between /2 and . To understand the
forces leading to the U-shaped effect of A in the lower region, note first that an increase in
A shifts probability mass from the LL dyad to the LH dyad and from the LH dyad to the
HH dyad (the overall effect on the likelihood of the LH dyad is that it increases in A if
and only if A < 1). Because 1 = py, > par > pa, these shifts make the probability of peace
initially decrease in . However, pys strictly increases in A for A < v/2, and eventually this
makes the probability of peace increase in A. Interestingly, despite the fact that py strictly
increases in A, for A > 7/2, it still does not grow fast enough to compensate for the shift
in probability mass towards the dyads with the higher probability of war. As a result, the

probability of peace decreases in A when \ is between /2 and .

|
06 L

Figure 1: Probability of peace in the separating equilibrium (A from bottom to front, ~y
from left to right)

In sum, we derive the following key substantive results.

Result 1 When does unmediated communication improve the chances of peace?

o When the proportion of hawks is not too large. Otherwise, the high chance that the

opponent is a hawk is a sufficient deterrent for the players to avoid conflict.
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Result 2 How does unmediated communication improve the chances of peace?

o [t allows to reveal whether a player is a hawk or a dove, and establish appropriate

splits to reduce the probability of war when one player is a hawk.

o Specifically, when it is revealed that a hawk meets a dove, the players coordinate with
positive probability on an unequal split favorable to the hawk, whereas when two hawks

meet, the players coordinate on the equal split with positive probability.

4 Optimal Mediation

In the previous section, we have characterized the equilibrium outcome in the case in
which players send public messages to each other. Now we want to characterize the effect
of adding an active mediator who collects the players’ private message, and makes optimal

recommendations, with respect to unmediated communication.

The game form is the same as above, with the difference that messages at time 1 are
not publicly observed. They are individually reported to a mediator, who then chooses the

split and the correlation of play according to the following symmetric mechanism.'®

e Fach player i reports his type to the mediator.

e Given reports (H, H), the mediator recommends the peaceful split (1/2,1/2) with
probability gy, the splits (8,1 — ) and (1 — 3, 3) with probability py each, and war
with probability 1 — 2py — gg. It is assumed that 3 > 1/2.

e Given reports (H, L), the mediator recommends the peaceful split (1/2,1/2) with
probability qar, the split (8,1 — 3) with probability pi,, the split (1 — 3, 3) with

probability py;, and war with probability 1 — p}, — py; — qur, with py, < pi.

e Given reports (L, L), the mediator recommends the peaceful split (1/2,1/2) with
probability ¢y, the splits (5,1 — ) and (1 — (3, 3) with probability p;, each, and war
with probability 1 — 2pr, — qr.

16 As we shall discuss later, more complicated symmetric mechanisms cannot do better, see footnote 18.
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Hence the optimal mediator solution solves the program

min (1—9)*(1—2pr, —qr) +2¢(1 — ¢) (1 — g — iy — pap) + ¢* (1 — 2pr — qur)

ByPLAAL P AP g AN PH A

subject to the six ex-post IR constraints

o Blgpu + (1= @)phr) = apub/2 + (1 — q)pi;ph,

o (1=08)qpu + (1 —q)py) = qpub/2 + (1 — q)py,pb,

o (qqn + (L= q)am) - 1/2 > qqub/2 + (1 — q)qup9,

o (qpp + (1= @)pr)B 2 app(1 = )8 + (1 — @)pr g,

o (o}, + (1= @)pr)(1 = B) = apj;(1 = p)0 + (1 = @)p15,
o (gqu + (1~ q)qr) - 1/2 > qqu(1 — p)0 + (1 — )12,

as well as the high-type interim IC* constraint

a(puB +pu(l = B) +au/2+ (1 — 2pu — qi)0/2)
+(1 = @)(parB + Py (1= B) + qur/2 + (1 = piy — pay — qur)pd) >
max{(qpy; + (1 — @)pr)(1 = B), qpy,0/2 + (1 — q)prpo}
+max{(qpy; + (1 — )pr)B, apy0/2 + (1 — q)prpb}
+max{(qqym + (1 — q)qr) - 1/2,9qm0/2 + (1 — q)qLpb'}
+q(1 = pir — par — aw)0/2+ (1 — q)(1 — 2pr, — qr)p0,

and for the low-type interim IC* constraint

q(peB + Py (1= B) + qur /2 + (L = piy — pay — au) (L — p)o)

+(1 = q)(prB+pr(1 = B) +qr/2+ (1 —2pL — QL)g) >
max{(gpa + (1 — @)py)(1 — B). gpur(1 — p)f + (1 — Q)p&g}
+max{(gpy + (1 — ¢)pip)B, qpur(1 = p)0 + (1 — q)pﬂg}

Fmax{(ogn + (1~ a)a) - 1/2.q0n(1 = p)0 + (1~ )awrs)}
+q(1 = 2py — qu)(1 = p)0 + (1 = pi; = pay — am)b/2,
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Solving this program, we obtain the following result.'”

Proposition 2 An optimal solution to the mediator’s problem is such that:

o For \<~/2,
+2pp =1 =qy = —_—06—0+—71
qrL PL=4L,PH =4 =qm =Py = Y, _p’pM_1+fy_2)\'
Further, for v > 1,
< 22
S CEF S ICTES)
while for v < 1,
S A= AA=Y(r+2)
prL = 3 .
2y (A=7v-1)
The ex-ante peace probability is
B v+1
(I+~y—=2X)(1+N)?*
o For \>~/2,
. 2\ — 2A — 7y
+2pr = 1, p},+qu = 1,pg = =0,0=plqgg=————qu=——"—"—"—,
qrr4prL Pyrrdm PH =Py B =pl,qu Ay +1—N) M T+ 1=
and q1, > % Further, for v > 1,

(Y= (y+2)A
(Y=A+Dy(y—1)

prL <2

whereas for v < 1,
1= AA =7 +2)
2 (A-y-1

pr. 2
The ex-ante peace probability is

~v+1
(v—=A+1)(A+1)

"Interestingly, we find that the solution of our mediation program is unique only for A < /2. Here, we
only report the simplest solution, i.e. the one where py;, = 0 and py = 0, so that the unequal split is only
recommended when a hawk meets a dove, and it is always favorable to the hawk. We show in the appendix
that, for v/2 < X < #, there exists also solutions with p3; > 0 and py > 0. Of course, all solutions yield
the same ex-ante probability of peace.
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In order to interpret the features of the optimal mediation solution, and to ease com-
parison with the discussion following Proposition 1, let us distinguish the cases v > 1 and

v < 1.

Suppose that v > 1. If A > +/2, then gy > 0: the mediator sometimes recommends the
equal split (1/2,1/2) when one player reports to be a hawk, and the other claims to be a
dove. In this way, the ex-post IR constraint of the high type who is recommended the equal
split becomes binding. We remark that this ex-post constraint was slack in the unmediated
communication equilibrium. By making a slack constraint binding, the mediator increases
the probability of peace. Indeed, the mediator lowers the gain from pretending to be
a hawk, by making exagerating strength less profitable against doves. When A < ~/2
instead, gy = 0 and the mediator does not improve upon unmediated communication. In
this case, in fact, in both the optimal mediated and unmediated communication solution,
war needs to occur with probability one in dyads of hawks, to avoid that doves misreport
their type. But then, the above-mentioned slack constraint is not relevant for either the
mediated or the unmediated communication solution, and the mediator cannot improve

upon unmediated communication.

In contrast with the case of v > 1, the mediator always yields a strict welfare im-
provement when v < 1. When A > 1/(1 + «), so that b = pf in the perfectly separating
equilibrium, it is also the case that A > /2 (note that 1/ (1 4+ ~) > ~/2), and hence the me-
diator helps for the same reasons as when v > 1. When A < 1/ (1 + «) , the mediator makes
sure that the interim high-type IC* constraint is satisfied with 3 = p#. In fact, the mediator
offers 1 — 8 with positive probability when both players report to be doves. By doing so,
the mediator makes sure that a hawk hiding strength will wage war when proposed 1 — £.
This eliminates the incentive to hide strength in order to seek peace against hawks that
we observed in the unmediated communication equilibrium. Hence, the expected payoff of
hiding strength is lower, and the interim high-type IC* constraint is satisfied with 3 = p#é.
Note that the ex-post IR constraint b > pf was slack in the unmediated communication
equilibrium. By making the ex-post IR constraint binding, the mediator can improve the

objective function, i.e. increase the probability of peace.
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Figure 2 shows the probability of peace induced by the optimal mediation solution

compared to the probability of peace induced by the optimal sunspot symmetric separating

equilibrium.

Figure 2: Probability of peace in the mediated vs. unmediated case (A from bottom to
front, v from left to right)

In sum, we derive the following key substantive results.
Result 3 When does mediation improve on unmediated communication?
e When the intensity and/or cost of conflict is high (v low), mediation always brings

about strict welfare improvements with respect to unmediated cheap-talk.

o When conflict is not expected to be very costly or intense (high ), on the other hand,

mediation provides a large improvement in welfare if and only if the proportion of

hawks is intermediate, i.e., for high expected power asymmetry.
Result 4 How does mediation improve on unmediated communication?

o When the proportion of hawks is intermediate (high expected power asymmetry), the
mediator lowers the reward for a dove from mimicking a hawk, by not always giving the
lion’s share to a declared hawk facing a dove (or, equivalently by not always revealing

a self-reported hawk that she is facing a dove).
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o When the probability of facing a hawk is low and conflict is expected to be costly,
the mediator’s strategy is instead to offer with some probability unequal split to two
parties reporting low type (or, equivalently the mediator does not always reveal a dove
that she is facing a dove). This lowers the incentive to hide strength and seek peace

with a hawk.

5 Potential Benefits of Mixed Strategies

We have conducted the comparison between cheap talk and active mediation without ad-
mitting the possibility for players to mix at the reporting stage. Evidently, mixing cannot
improve the chances of peace in the game with a mediator, because any mixing on the
final outcomes of the war-declaration game can be reproduced by mediator’s (possibly cor-
related) mixing. However, there may be a potential for improvement in the unmediated
communication game. As a robustness check, we now consider this possibility. For brevity,
we relegate the maximization programs for the mixed strategy equilibria to the appendix.
Here, we show that, while there is no mixed-strategy equilibrium of the unmediated com-
munication game where the hawk randomizes between sending the high and low report,
there is a mixed strategy equilibrium where the dove randomizes, which yields a higher

ex-ante peace probability, in a restricted parameter region, when v < 1.

Proposition 3 Allowing players to play mized strategies in the unmediated communication
game, the optimal equilibrium is such that the high type H always reports message h and

the low type L reports message | with probability o, where o < 1 if and only if v < 1 and

2

> )\>max{_1_7(5+67)+\/(1+37)(1+7(11+8v(3+27)))

2(1+7) (1+3) ’
_1_7(8+37)+\/1+7(16+7(54+7(48+257)))}

147~

2(y* = 1)
For A < 2v%/ (1 + 37),
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A4 4 3X) — A — 29A(3 + 21))
dy(y = A (1 + )2

and'V =

For A > 2v%/ (1 + 3v),

I+ +N) 7
(1+29) ’andv_(1+27)2’

puy=1 pp=0 b=pb, o=

Overall this result shows that the role of mixing in the unmediated communication game
is rather limited. It may improve on pure-strategy communication only in a small subset
of the parameter region where both interim IC* constraints bind. Specifically, it turns out

that mixing by the low type, may relax the incentive of the high type to hide strength.

The benefits of mediation over mixing in an unmediated communication game are evi-
dent. By randomizing over recommendations, the mediator can reproduce any distribution
induced by mixing. In unmediated communication, however, because players must mix in-
dependently of each other, they cannot generate the optimal correlated distribution chosen
by the mediator. In practice, the low type mixing between reporting high and low may
improve welfare upon the pure-stategy equilibrium, but at the cost of inducing war with
positive probability between dove dyads. This event is optimally ruled out by the mediator,

who induces war only when at least one of the players is a hawk.

6 The Role of Enforcement

To analyze the role of mediation, we have chosen to use a canonical model where war
is a costly lottery and may take place due to asymmetric information about the players’
strength or resolve. Even though the cause of war is asymmetric information, the analysis
of the optimal mediation problem involves also a significant enforcement problem. Indeed,
countries are sovereign, and enforcement of contracts or agreements is often impossible.
Since war can be started unilaterally, we have incorporated ex post IR and interim IC*
constraints in the formulation of the optimal mediation program. Therefore in our model,
the residual ex-ante chance of war that results in the optimal mediation solution, can
be thought as being due to a combination of asymmetric information and enforcement

problems.
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The only role we have so far attributed to mediation is to optimally manage information
elicited by the conflicting parties. One might also wonder whether the mediator could
further reduce the ex-ante probability of war if it were endowed with enforcement power.
The answer to this question can be obtained by simply comparing our findings with those
in Bester and Wéarneryd (2006): Rather than imposing ex-post IR constraints and interim
IC* constraints like we do, they impose interim IR constraints and interim IC constraints.
In practice, they only require that conflicting parties are willing to begin the mediation
process, and to reveal their information to the mediator. But mediator’s recommendations
are enforceable by external actors, such as the international community or the mediator

itself, and hence they abstract from the enforcement problem that we introduce.

Formally, invoking the revelation principle (Myerson 1979), and restricting attention to
symmetric mechanisms, the Bester-Warneryd problem is expressed as follows. The parties
report their types L, H to the mediator. The mediator recommends peaceful settlement
with probability py, after the reports (I,1), with probability py after the reports (h, h), and
with probability pas after the reports (I, h) and (h,1). Symmetry entails that the settlement
is (1/2,1/2) if the two players report to be of the same type. If the reports are (H, L),
settlements are (b, 1 — b), and if they are (L, H) settlements are (1 — b, b) . The mediator
chooses b, pr, par and py so as to solve the program

min  (1—¢)*(1—pz)+2¢(1 = q) (1 —par) +¢* (1 — py)

b,pr,pr,PH

subject to interim individual rationality (for the high type and the low-type respectively)

(=) i+ (1= pa) o)+ (pary + (1= p) 3 ) = (1= )0+ 03,

(1=0) by + (=P § )+l (1-D+ (1= pa) (1=9)0) 2 (L= )5 + 4 (1= )0

and to the interim incentive compatibility constraints (for the high type and the low-type

respectively)

(1= @) (1= pd + )+ (1= p) + 5y ) 2

(1—4q) ((1 — pr)pd +pL%> +4q ((1 = pM)g +pm(l— b)) :
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(-0 (1= po)g + p1g ) + (1= pu)(1 =P+ pas(1 =) 2

(I-q) ((1 —pM)g +pr> +4q ((1 —pu)(1—p)o —l—pH%> .

Surprisingly, we show that the solution of our mediation program, where the mediator’s
recommendations are self-enforcing, yields the same welfare as the solution of Bester and

Wiérneryd’s program, in which the mediator can enforce outcomes.

Proposition 4 In the optimal symmetric solution of the mediator’s program with enforce-

ment power,

For A <~/2,
1 (v+1)
- py=0, andV = .
b= oy P (v =22+ 1) (A + 1)
For A > ~/2,
2\ — 7y v+1

ple,pH:( , and V =

y—=A+ 1A (v=A+1)(A+1)

The ex-ante probability of peace in the optimal symmetric solution of the mediator’s
program with self-enforcing recommendations is the same as the probability of peace in the

optimal symmetric solution of the mediator’s program with enforcement powers.

This striking and surprising result can be intuitively explained as follows. First note,
that the low-type IC constraint and high type interim IR constraint are the only ones
binding in the solution of the mediator’s program with enforcement power. Conversely, the
only binding constraints in the mediator’s program with self-enforcing recommendations
are the low-type IC* constraint and the two ex-post high-type IR constraints. Recall in
fact, that in our solution, the high type is always indifferent between war and peace if rec-
ommendeded a settlement. Further, the low-type IC* constraint in the mediator’s problem
with self-enforcing recommendation is identical to the low-type IC constraint in the media-
tor’s program with enforcement power, because a dove never wages war after exaggerating
strength in the solution of mediator’s problem with self-enforcing recommendation. Fi-

nally, the high-type interim IR constraint integrates the two binding high-type ex-post IR
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constraints in the mediator’s problem with self-enforcing recommendation. While requiring
a constraint to hold in expectation only is generally a weaker requirement than having the
two constraints, it turns out that in our stylized model of conflict, the induced welfare is

the same.

This Proposition immediately implies the following substantive result.'®

Result 5 An unbiased mediator who can enforce outcomes is exactly as effective as a

mediator who can only propose self-enforcing agreements.

7 Concluding Remarks

This paper brings mechanism design to the study of conflict resolution in international
relations. We have determined when and how unmediated communication and mediation
reduce the ex-ante probability of conflict, in a simple game where conflict is due to asym-

metric information. From the analysis of this paper we have drawn a number of lessons.

First of all, we have shown under which conditions mediation improves upon unmediated
communication. Mediation is particularly useful when the intensity of conflict and/or cost
of war is high (low ); when power asymmetry has large impact on the probability of
winning (large p); and then, even when neither 6 is low, nor p is large, mediation can still

be useful when the ex-ante chance of power asymmetry is higher (intermediate ¢).

The mediator improves upon unmediated communication by not reporting to a player
with probability one that the opponent has revealed that she is weak. Specifically, when the
ex-ante chance of power asymmetry is high, the mediator is mostly effective over unmedi-
ated communication in its ability to keep in check the temptation to exaggerate strength by
a dove. The mediator lowers the reward from mimicking a hawk by not always giving the
lion’s share to a hawk facing a dove. This allows to reduce the probability of war between

hawks, and hence the ex-ante probability of war.

18 As a by-product, this result implies that the mechanism we are considering to solve the mediator’s
problem with self-enforcing agreements is fully general. Indeed, it can be shown that, first, the constraint
set for this problem is more restrictive than the constraint set of the mediator’s program with enforcement
power. Second, the revelation principle applies in the latter program.
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Instead, when the expected intensity or cost of conflict are high, regardless of the
expected degree of power asymmetry, the mediator is mostly effective in improving upon
unmediated communication in the task of reducing the temptation to hide strength by a
strong player. The mediator’s optimal strategy in this case is to lower the reward from
mimicking a dove by giving sometimes an unequal split to two parties reporting low type.
This allows to lower the split proposed to avoid war between a hawk and a dove. In turn,

this allows to reduce the probability of war of the hawk-dove dyad.

While the core of our analysis has considered the optimal strategy of mediators who
are not endowed with enforcement powers, we have concluded the analysis by showing
that, surprisingly, an unbiased mediator who can enforce outcomes is exactly as effective
as a mediator who can only propose self-enforcing agreements. This result is quite striking
because there are well known games in which enforcement power matters: Interim IR and
IC constraints are not equivalent to ex-post IR and interim IC* constraints in the optimal

mechanism, but rather they are usually less restrictive.

Our analysis can be extended in several directions. The most promising one is the
following. Our results, together with the results by a recent paper by Meirowitz and Ramsay
(2009), may be helpful in drawing conclusions on the issue of strategic militarization (see
also Meirowitz and Sartori (2008)). Suppose in fact that, prior to enter a crisis, the two
players must costly and secretly invest in their military might. Meirowitz and Ramsay
(2009) characterize the equilibrium investment strategies in relation to any general crisis-
resolution mechanism, and hence any bargaining or communication protocol, that satisfy
interim IC constraints (Theorem 2). It would be very interesting to assess the implications
of their results in the contest of the optimal crisis-resolution mechanism that we characterize

in this paper.
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Appendix

Proof of Proposition 1
The proof proceeds in two parts.
Part 1 (v > 1).
We set up the following relaxed problem:

min (1 —¢)*(1 —pz) + 2¢(1 — ¢)(1 — pas) + ¢*(1 — py)

b,pL P PH

subject to the high-type ex-post IR constraints:

b > po

to the probability constraints:

L S 17pM S 170§pH

and ex-ante low-type IC* constraint:

(-0 (1= po)g + p1g ) + (1= pu)(1 =P+ pas(1 =) 2

=) (=g o) 0 (0= 1= 98+ gy )

Step 1. We want to show that p;, = 1. We first note that setting p; = 1 maximizes the
LHS of the relaxed low-type IC* constraint and does not affect the RHS. It is immediate
to see that the high-type ex-post constraint is not affected either.

Step 2 We want to show that the relaxed low-type IC* constraint binds. Suppose it does
not. It is possible to increase py thus decreasing the objective function without violating

the constraint (note that there is no constraint that py < 1 in the relaxed problem).

Step 3. We want to show that the high-type ex-post constraint binds. Suppose it does

not. Then b > pf, and it is possible to reduce b without violating the ex-post constraint.
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But this makes the low-type relaxed IC* constraint slack, because —b appears in the LHS
and b in the RHS. Because step 2 concluded that the low—type relaxed IC* constraint cannot

be slack in the solution, we have proved that the ex-post constraint cannot be slack.

Step 4. We want to show that for A < v/2: pyg = 0,py = in the relaxed

1
T+7—2X
program. The low—type relaxed IC* constraint and ex-post constraint define the function

(1 = Apu(y +2))
(v=—2x+1) ~

(2)

Pm =
substituting this function into the objective function
W =201-q¢)(1—-pum)+q(l —pn)

duly simplified in light of step 1, we obtain the following expression:

(2A+v+3) A 27 — 3A + Ay — 22
y=22+1)(A+1) (y=22+1)(A+1)’

W:PH(

where we note that, because v > 2\, the coefficient of py is positive and the whole ex-
pression is positive. Hence, minimization of W requires minization py. Setting py = 0 and

solving for pys in (2) yields
1

T 14y —2)
Because A < «/2, it follows that py < 1, as required. We note that the probability of war

Pm

equals:
(27 = 3A + Ay — 22 A

(y=22+1D(A+1)?*

22—y
A(y+2)

Step 5. We want to show that for A > /2, pyy = 1, py = in the relaxed problem.
In light of the previous step, the solution py = 0 yields pa; > 1 and is not admissible when
A > /2. Because py; decrease in py in (2), the solution requires setting py; = 1 and, from
(2), py = % When A > v/2, py > 0 and hence the solution is admissible. We note

that the probability of war equals:




Step 6. We want to show that the solution constructed satisfies all the program con-
straints. The low-type ex-post constraint 1 —b > (1 —p)@ is trivially satisfied, when b = p#.
Because b > 6/2 and 1/2 > (1 — p)6, the low-type ex-ante IC* constraint coincides with
the low-type ex-ante relaxed IC* constraint. The condition 1 —b =1 — pf < 0/2 yields

2—2p0 <@, ie 1 —0<2p0—1,ie = 2?‘:1 > 1. Hence, for v > 1, we conclude that

1 —b<6/2. So, after simplification, the ex-ante high-type IC* constraint becomes:

(1-q)pf+gq ((1 Pﬂ)g +pH;>

(D et tpt) o (g ) 2

(1= q) (1= pr)pd + pLpb) + q ((1 - pM)g +ng>
= (1—q)pf+q0/2,

which is satisfied (with slack when A > ~/2). The probability constraints are obviously
satisfied.

Part 2 (v < 1). We allow for two cases:

Case 1. I will temporarily consider the following relaxed problem:

min (1 — ¢)*(1 —pr) +2¢(1 — ¢)(1 — par) + (1 — pr)

b,pL P PH

subject to the low-type and high-type relaxed IC* constraints:

(1—2q) ((1 —pL)g +pL%> +q((1 = par)(1 = p)0 + prr(1 — b)) >

SR I (R

L ot o)+ (o) o) 2

(1—q)pf +q ((1 - PM)Z +pm (1 — b)) .

which embed the assumption (to be verified ex-post) that 1—b > 6/2, and to the probability

constraints:

L S 17pM S 170§pH
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Step 1. As in the previous case, we conclude that p; = 1.

Step 2. We want to show that the low-type relaxed IC* constraint binds. Indeed, if it
does not, we can increase py without violating neither relaxed IC* constraints (note that

the LHS of the high-type relaxed IC* constraint increases in py).

Step 3. We want to show that the high-type relaxed IC* constraint binds. Suppose not.
We can then reduce b because the LHS of the high-type relaxed IC* constraint increases
in b and the RHS decreases in b. This makes the low-type relaxed IC* constraint slack,
without changing py; and py. But in light of step 2, this cannot minimize the objective

function. Hence, the high-type relaxed IC* constraint must bind.

Step 4. We want to show that for A < «v/(1 +7), pg = 0 and py = solve

1
(1+7)(1=2)

the relaxed problem. The binding relaxed ex-ante IC* constraints define the function:

[par, b] (pr), after substituting A for ¢ and + for p, we obtain:

b A+ v — O\ — 0y — 2\py + O\py — 3Nypy + 20 vpy — Nepu — Myipe — Nypy + 0y + 1

2(1 = Apy — Mypr) (A +1)
(1= 2pu(1+17))
(v (M=)

Substituting pys into the objective function

P = (3)
W =2(1-¢q)(1 —pum) +q(1 — pn)

duly simplified in light of step 1, we obtain:

A 2y — XA — Ay — A2 — A2y
W = + ,
PE T T L D 0 (A — )

because the coefficient of py is positive, this quantity is minimized by setting py = 0.

Then, solving for py; and b when py = 0 we obtain:

1
=55 ("R Oy 1)
B 1
Pr=arna—y
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we know that 1 > v > A, so py > 0, but the condition py; < 1 yields m -1<0,

ie. A < %, as stated. We note that the probability of war equals:

A =29 + Ay + A2+ A29) A
v+ A+ (A1)

Step 5. We want to show that for A < /(14 7), pg = 0 and py = L 5 solve the

(I+7)(1-A
original problem. Again, the low-type ex-ante IC* constraint coincides with the relaxed
low-type ex-ante IC* constraint. We need to show that the ex-post constraint b > pf is

satified. In fact, simplification yields:

b—ph==-(A+1)"" 1=y (1 =6)Xr>0.

N | —

Finally we show that the high-type ex-ante IC* constraint coincides with the (binding)
relaxed high-type ex-ante IC* constraint, i.e. that 1 —b > 6/2. Note in fact, that this
implies that the ex-post constraint 1 —b > (1 — p) 6 is satisfied, because 6/2 > (1 — p) 6.

Indeed, after simplification, we obtain:

1—b—9/2:%(A+1)_1(1—7)(1—9))\20.

Step 6. We want to show that for A € [v/(1 4+ ), min{1/(1 +~v),v}, p» = 1, pg =
1 — G755 solves the relaxed problem. When A > ~v/(1 4 ), setting py = 0 violates the
constraint py; = 1. Further, the expression (3) reveals that py; decreases in py. Hence
minimization of pg, which induces minimization of W, requires setting py; = 1. Solving for
b and py, we obtain:

(“A =3y +20y — My =2+ 6+ - 1)

h=—
A+ 27+ 2y 42

_ Aoyt v
PE="C0 8~ N

The condition that pg > 0 requires that A > % as stated.

Step 7. We want to show that for A € [y/(1+~), min{1/(1+~),v}, pmy =1, pyp =1—

ﬁ solves the original problem. Again, the low-type ex-ante IC* constraint coincides with
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the relaxed low-type ex-ante IC* constraint. We need to show that the ex-post constraint

b > pf is satified. In fact, simplification yields:

1 _ _
b—pf=5(y+1) O+ DT+ My =D (B —1)y
and this quantity is positive if and only if A <7 ;- Finally we show that the high-type ex-

ante IC* constraint coincides with the (blndmg) relaxed high-type ex-ante IC* constraint,
i.e. that 1 —b > 0/2. Note in fact, that this implies that the ex-post constraint 1 — b >

(1 — p) 0 is satisfied, because 8/2 > (1 — p) 8. Indeed, after simplification, we obtain:
1 _ _
1—b—9/2z§(v+1) "OEDTTA =) A=y Ay =7+ 1)

and A—y+Ay— 7+1>O1fandonly1f/\27 7+ 72 —1)butbecause—(7+7 —-1)<

this condition is less stringent than A > -

+17 P

22—y
A2+)

original problem. Consider now the same relaxed problem that we considered in the proof

Case 2. We want to show that for A € [1/(1 4+ 7),7), py = l,py = solve the

for the case of v > 1. We know from the analysis for the case v > 1, that this relaxed

problem is solved by py = 0,py = 1+w+2>\’b = pb for A < v/2 and by pyy = 1,py =
AQ(/%L;) ,b=pb for X € [y/2,7). We now note that
/2= )T A=) (1 +2)
v+1 7 2\ LAY

and this quantity is positive when v < 1. Hence the possibility that A < +/2 is ruled
out: On the domain 1/(1 +v) < A < v < 1, the solution to the relaxed problem is
py = l.pg = %, with b = pf. We now need to show that this is also the solution
of the original problem. Again, the low-type ex-ante IC* constraint coincides with the
relaxed low-type ex-ante IC* constraint. Consider the ex-ante high-type IC* constraint.

The condition 1 —b =1—pf > 0/2 yields v = 2?‘:1 < 1. Hence, for v < 1, we conclude

that 1 —b > 6/2, and hence that 1 —b > (1 — p) 6. So the ex-ante high-type IC* constraint

becomes:
(1—q) (1 — par)pf + parpl)+q ((1 - pH)g JFPH;) —(1-q)pf—q ((1 - p]\/[)g +pu(1— pe)> >0
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and indeed, after simplification, the LHS equals:

(2T O+ O =) (-0,

N| —

1

T which is exactly the condition under

a positive quantity as long as A+ y—1,1e., A >

which we operate.
Proof of Proposition 3 We proceed in three parts.

Part 1. (The low type mizes). Suppose that the low type mix between the low message
(with probability o) and the high message, whereas the high type only sends the high
message. Let x := = be the posterior of facing a high type after the high message, where
7w := (1 — q)o is the probability of low message. The optimal semi-pooling equilibrium
solves the following program:

min 72 (1 —pp)+27(1 —7) (1 —par) + (1 —7)2 (1 — pg)

b,pL,PMPH O

subject to the indifference condition for the low type:

m((1 = pr) g +m%) + (T =m)((1 = par) (X(1 =)0 + (1 - X)g) +pu(1—-10))
= (1= ) & o) + (L= B = i) (W1 = )0+ (1= ) + D)

to the ex-ante IC* constraint for the high type

R((1 = par)p0 -+ part) + (1= m)(L = par) (g + (1= x)p0) + i) 2
7((1 — pL) pf + pr max{ph, %})

+ (1 =) (1 —pu) (Xg + (1 = x)pb) + pyy max{1 — b, xg + (1 = x)pb})

to the high-type ex-post constraints:
b ph, 1/2 2 X8/2+ (1 — )pb
to the low-type ex-post constraints:

1-=b>2x(1=-p0+(1—-x)0/2, 1/2>80/2, b>0/2, zx(l—p)ﬁ—l—(l—x)g

DN —
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and to the probability constraints:
We note that for ¢ = 1, the constraint set is weakly more restrictive than the perfectly-
separating equilibrium program.

In order to solve the above program we distinguish two cases.

Case 1 (y>1ory<land A€ [1/(1+7~),7)).

Consider the following relaxed problem:

min 7 (1—pg) +2r(1—7) (L —py) + (1 —7)* (1 — pn)

b,pL,PMPH O

subject to the ex-ante indifference condition for the low-type

m((1=pr) g +m%) + (1 =m) (1 = par) (x(A = p)0 + (1 - X)g) +pu(1l-0))
= (1~ o) &+ parh) + (1= 7)1~ p) (1~ D)+ (1= )0) + 1 3)

to the high-type ex-post constraints:
b=>pf, 1/2 > x0/2+ (1 — x)pd
and to the probability constraints:

pr < 1,py <1,0<py,0 < 1.

Step 1. We want to show that p;, = 1. Consider the low-type relaxed ex-ante 1C*
constraint (duly simplified)
0 1 0
(L =p1) 5 +prg) + (L= m)((L = par) (XL =p)0 + (1 =x)5) +pu(l —0))
1

= (1= par) g +puh) + (1= (1~ pm) (x(1 = p)O+ (1= )3) + pirg)

The right-hand side increases in py, and the left-hand side increases in pg. Clearly, increasing

both p; and py decreases the objective function, without violating the high-type ex-post
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constraints. Noting that in the relaxed problem, there is no constraint that pg, we conclude

that prL = 1.

Step 2. We want to show that the first high-type ex-post constraint binds. Suppose
not, i.e. b > pf. Then b can be reduced and py can be increased maintaining the ex-ante

indifference condition for the low-type, thus decreasing the objective function.

Step 3. We want to show that the second high-type ex-post constraint can be substituted

with the constraint o > Ww;/\ In fact, after substitution the constraint is:

q q
1—<1—q>09/2+(1‘ 1—<1—q>a>7’6’

the right-hand side is decreasing in o, because pf > 1/2 > 6/2, and the value % IS

1/2 >

obtained subtituting p, 8, ¢ with v, A.

We now proceed to find the optimal (py,pa) as a function of o, and we will later

establish the optimal o.

Step 4. We want to show that whenever ¢ > 2\ —~ + 1, the optimal solution is pg = 0

and py = , and further, the objective function C' is strictly decreasing in . We

o
26—27+y—1

solve for py; as a function of py and o in the low-type relaxed ex-ante IC* constraint

(after plugging in b = pf), to obtain: py = T4 4'2‘;’: H2;42>>’\YI: Hl_’wp 2 We then plug back the

expression in the objective function and obtain:

(1—0+3X—7+0y =M +20 Ay +2 ) (A -0 + 1)

¢ = 2
(20 =2\ +~v—1)(A+1)

pH+K1 (U)7

where Kj (o) is a function independent of py. Because o € [%, 1} , the term 1 — o +

3N — v+ 0oy — Ay + 200y + 202 is strictly positive, because ¢ > 2\ — v + 1, the term
20 — 2X\ + v — 1 is positive. Hence, the coeflicient of pg is positive, and C' is minized by

minizing py. Setting py = 0 and solving back py; we obtain

. g
S 20224y -1’

Pym
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which is smaller than one if and only ¢ > 2\ — v+ 1. Substituting in the objective function,

and differentiating it with respect to o, we obtain:

9000 (20 —2A+y -1 (A +1)?

FC __,(0=D+7-1)(+ 1o

which is strictly negative when ¢ > 2\ — v + 1. Hence, the objective function is strictly

decreasing in o.

Step 5. We want to show that whenever ¢ < 2\ — v + 1, the optimal solution is

22 —o—~y+1

PH = 53 oiamil and py; = 1; and the objective function C' is strictly decreasing in o.

Again from the low-type relaxed ex-ante IC* constraint, we obtain an expression for py as
a function of o and py;, we plug this expression in the objective function to obtain:

(1—0+3X—7+0y =M +20 Ay +2X) (A -0 + 1)

C= 2
(c—=2A—My—-1)(A+1)

pM+K2(0).

Because o < 2\ — v 4 1, the coefficient of py; is negative, and C' is minimized by setting
py = 1. Setting pas = 1 and solving back py we obtain:

2 —o—7+1
22—+ My +1

PH

which is positive when ¢ < 2\ — v + 1. Substituting in the objective function, and differ-

entiating it with respect to o, we obtain:

o0  BrA—o+2My+1)(A—0o+1)

do (2h—oc+ M+ 1PN+ 1)

which is strictly negative when ¢ < 2\ — + + 1. Hence the objective function is strictly

decreasing in o.

We have concluded that the solution of the relaxed problem requires o = 1. Hence, the

pure-strategy equilibrium is the solution of the program where the low type mixes.

Case 2 (v < 1 and A < 1/(1 + v)). We have verified this result with a semi-numerical
analysis that is available upon request. A FULLY ANALYTICAL PROOF IS TO BE
COMPLETED.
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Part 2 (The high type mizes). Suppose that the high type mix between the high message
(with probability p) and the low message. The low type only sends the low message. Let
(:= qi—;ﬁ) be the posterior of facing a high type after the low message. Let 7 := 1 —¢p be
the probability of low message. The optimal equilibrium is found by solving the following
program.

min 72 (1 —pg) +21(1 —7) (1 — par) + (1 — 7)* (1 — pxr)

b,pL,PMPH O

subject the ex-ante IC* constraint for the for the low type:

7(1 = pr) (C(1=p)f + (1= C)/2) + prg) + (L= m)((1 = par) (1= p)6 + par(1 = b))

> (1 = pa) (C(L—p)f + (1 - g)g) + pyr max{b, (C(1 —p)f + (1 — g)g)})

HU=m)((1 = pi) (1 = )6 + prrmax{ 3 (1 = p)B))

to the indifference condition for the high type

0 1

71— par) (€ + (1= p0) + parb) + (1= (1= pi) & + purs) =

R{(L = p2) (€3 + (1= Op) +prg) + (L= ) (L= par) g + par(L— 1)

to the high-type ex-post constraints:

N D

b>¢0/24+(1—=C)ph, 1/2>6/2, 1/2 > Cg +(1—=C)pb, 1 —b>
to the low-type ex-post constraints:
1-b>(1—=p)b, 1/2>C(1-p)f+(1-¢)6/2
and to the probability constraints:
0<pr<1,0<py <1,0<py £1,0<0o <1

But is immediate to note that the constraint set is empty. Indeed, the third high-type
ex-post constraint is equivalent to:

1 7= A1 -p)

"(1_9>1+A(1—p)

>0
2 - 2

which cannot be the case for v > .
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Part 8 (Both types miz). Suppose that the low type mixes between the low message (with
probability o) and the high message. The high type mixes between the high message (with
probability p) and the low message. Let x := ;& be the posterior of facing a high type
after the high message. Let 7 := (1 — g)o + g(1 — p) be the probability of a low message.
Let ¢ := @ be the posterior of facing a high type after the low message. The optimal

equilibrium solves the following program:

min 72 (1 —pg) +2r(1 —7) (1 —par) + (1 —7)* (1 — pr)

b,pL P PH O

subject the ex-ante IC* constraint for the for the low type:

w{(1=p2) (C(1 =20+ (1= /2) +prg) + (L= m)((1— par) (x(1 =)+ (1= X)) + pas(1 — 1)
=m((1=pm) (1 =p)f+ (1=¢)8/2) + pubd) + (1 = 7)((1 — pr) (x(1 —p)f + (1 - X)g) +pH%)
to the indifference condition for the high type

71— par) (€5 + (1= COph) + pasb) + (1= (1~ pr) (5 + (1~ X)ph) + pirg) =
w((1 = 1) (g + (1= Opf) + pug) + (1= m) (1= par) (g + (1= )ph) + pas(1 1)
to the high-type ex-post constraints:
b CO/2 4+ (1 Oph, 1/2 2 X0/2+ (1= )ph, 5 > €3+ (1= Cph, 1= > x5 + (1~ x)p
to the low-type ex-post constraints:
1=b 2 (1= P+ (L= 0)6/2, 1/22 C1-p) 0+ (1 - Q)82 b> (1) +(1 - O
L= X1+ (1- )]
and to the probability constraints:

But is immediate to note that the constraint set is empty. Indeed, second and fourth

high-type ex-post constraints are equivalent to:

1 (p+ o)A —~ 1
= (1—g) AT T ==
X 2(1 2 pA+1—0 — 2



Evidently, X > 0 requires A > pl—g, which, in light of v > A, requires p + o > 1. Consider

Z, note that it increases in A. When A\ takes its upper value -,

1 (-0c—p)y
7= i)

which is positive if and only if o+ p < 1. This concludes that whenever v > A, either X < 0
or Z < 0 or both.

Proof of Proposition 2 We first find the solution of the relaxed program:

min (1—¢)*(1—2pr, — qr) +29(1 — 9)(1 — qur — Py — Pir)

ByPLAAL P AP g AN PH A

+¢*(1 — 2pir — qnm)

subject to the high-type ex-post constraints:

1. (o + (1= Qpi;) B = apu/2 + (1 — @)pip0
2. (qprr + (1 — @)py) (1= B) > qpr0/2+ (1 — q)py;p0

3. (qqu + (1 — @)am) /2 > qqub/2 + (1 — @)qupb

to ex-ante IC* constraints where the low type does not wage war after mis-reporting

(after simplification)

q(puB + o8 (1 = B) +qu /2 + (1 = iy — pir — g )(1 = p)o)
(1= g)((2pr +q)/2 + (1 = 2pr — qr)0/2) >
(1 — @)1= B) + B+ au/2 + (1 — piy — Par — am)0/2)

+q((2pr + qu)/2+ (1 = 2pg — qu)(1 — p)b)
and to the probability constraints:

g +2pr <1, plr+ o +au <1, 0<pu, 0<qu.
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Then, we will show that its solution (with innocuous additional constraints) solves also the

complete problem.

Step 1. We want to show that g;, + 2p;, = 1. We first note that setting q;, + 2p;, = 1
maximizes the LHS of the relaxed low-type IC* constraint and does not affect the RHS.
It is immediate to see that the high-type ex-post constraints are not affected. Because
qr, + 2pr, = 1 minimizes the first-term of the objective function, we conclude that it must

be part of the solution.

Step 2 We want to show that the relaxed low-type IC* constraint binds. Suppose it
does not. It is then possible to increase qy (thus increasing 2py + qp) thus decreasing the
objective function without violating the constraint (note that there is no constraint that
2py + qu < 1 in the relaxed problem). Indeed, 1/2 > (1 — p) 6 and 2py + g appears only
on the RHS of the relaxed low-type IC* constraint:

qpaB+ oy (L= 8) +aqu /2 + (1= piy — piyy — o)1 = p)0) + (1 — q)/2 >
q(2pr + qu)/2+ (1 — ) (p3(1 = B) + 3B + au /2)

+q(1 = 2pir — qu)(1 = p)0 + (1 = ¢)(1 — py; — Py — qur)0/2.

Because 1/2 > 6/2, increasing gy softens the third high-type ex-post constraints, and leaves
unchanged the other two. Hence, we have shown that the relaxed low-type IC* constraint

must bind in the solution.

Step 3. We want to show that the first high-type ex-post constraint binds. Suppose it
does not. Then, it is possible to reduce $ without violating the constraint, nor the other
high-type ex-post constraints (the second one becomes slacker, and the third high-type is
unchanged). The objective function is unchanged. As long as p}, > p;,, reducing 3 makes
the makes the low—type relaxed IC* constraint slack, because the effect on the constraint
is:

qa(pyrdB — pirdB) — (1 — @) (—py,dB + pisdB) > 0.
Because step 2 concluded that the low—type relaxed IC* constraint cannot be slack in the

solution, we have proved that the first high-type ex-post constraint cannot be slack.
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Step 4. We want to show that the second high-type ex-post constraint binds. Suppose
not, then it is possible to increase p,, and decrease qys so that dp,, = —dgar > 0 without
violating the constraint, nor the other high-type ex-post constraints (the first one is un-
changed, and the third one becomes slacker). Further the objective function is unchanged,

and the effect on the low-type ex-ante IC* constraint is:

q(dpy B+ dar/2) — (1 — q)(dpy, (1 — B) + dgar /2)
xq(B—-1/2)—(1-q¢)((1-05)—1/2)=p—-1/2>0.

Because step 2 concluded that the low—type relaxed IC* constraint cannot be slack in the

solution, we have proved that the second high-type ex-post constraint cannot be slack.

Step 5. We want to show that the third high-type ex-post constraint binds. Suppose
not, then it is possible to reduce pi, and increase qys so that dqy = —dpl, > 0, without
violating the ex-post high type constraints (the first one becomes slacker, and the second
one is unchanged) The objective function is unchanged. The effect on the relaxed low-type

IC* constraint is:

q(dpi(1 = B) + dqu /2 + (—dpy; — dqur ) (1 — p)8)
—(1 = @)(dp§; 8 + darr /2 + (—dpj; — dqar)0/2)
=[g(—(1—=3)+1/2) = (1 = q)(—=B+ 1/2)] dqps = (8 — 1/2) dgns > O

so that the constraint becomes slack. Because step 2 concluded that the low—type relaxed
IC* constraint constraint cannot be slack in the solution, we have proved that the third
high-type ex-post constraint cannot be slack.

1

Step 6. We want to show that for A < v/2: py = qy = py; = qu = 0, and pi, = Ry

in the relaxed program. We have concluded that all constraints in the relaxed problem
bind. We now solve for the system that includes all such binding constraints to find the
expressions for (ﬁ,qM,pL,pA}) as function of (py,qp), and we substitute the resulting

expressions in the objective function:

W =2(1-q)1 —qu — piy — Par) + 91 — qu — pu), (4)
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duly simplified in light of step 1. We obtain an following expression of W as a function of

pg and gy only. Substituting the variables p and ¢ for v and A, we obtain

A1 +7) A1 +7) (27 = 3X + Ay — 2)?)
EE NI ol S N vy Wi s L O WSS Y S S W T

W:

We note that for v > 2\, it is also the case that v+ 1 > 2\, and hence the coefficients of
qr and py are positive. Further, for v > 2\, it is also the case that 2y — 3\ + Xy —2X\2 > 0,
and hence the probability of war is positive. Hence the function W is minimized by setting
pry = qug = 0. We now need to check that, by doing so, we do not violate the remaining

probability constraints.

Consider the second high-type ex-post constraint, when py = 0, it takes the form:
py (1= B) = pypf. This allows for the solutions 3 = 1 — pf and p;, = 0. The first one
is not admissible because 3 > 1/2, hence we conclude that py, = 0. Similarly the third
high-type ex-post constraint, when gy = 0, takes the form (1—¢q)qa /2 = (1 —q)gup6. This
only allows the solution gy = 0. Solving for 3 and p}, in the system including the first
high-type ex-post constraint, and the ex-ante low-type relaxed IC* constraint, we obtain

B =pb, pi, = w+1+2k When v > 2\, pi, <1, hence the solution is admissible.

Step 7. For A < v/2, we want to show that the solution constructed satisfies all the
program constraints. We first consider the low-type IC* constraint, which is satisfied

because, noting that p,;, = 0 = py = qar = qu, we only need to show that
(qpr + (1 —q)pyy) P9 = (ape + (L —@)pi;) B> qpua(1 —p)f + (1 — ¢)p,,0/2.
Consider the high-type IC* constraint: Note that

(g + (X —q@)pL) (1= B) < qpy8/2 + (1 — Q)pLpb

. (=r + _ (= A=v)(v+2)
as long as either v > 1 or p;, > 2y P T 5 oo

for v < 1, that

(qpar + M= @)pr) B= (app + (1 — QpL) B = app8/2 + (1 — @)prph,

and that

(gave + (L —q)qr) - 1/2 < qqu0/2 + (1 — q)qrph.
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Then we substitute in the high-type IC* constraint (duly simplified):

q0/2+ (1 = q)(p3rB + (1 — pip)pd) = ¢0/2+ (1 — q) pb
which is clearly satisfied because J = p6.

Finally, we need to show that the low-type ex-post constraints are satisfied. Indeed:

_ - 9
(qpar + (1 —@)pr) 0 > qpy (1 —p)0 + (1 — ey

(qag + (1 — @Q)qnr) - 1/2 > qqu(1 —p)f + (1 — q)qu

whereas

(qpd; + (1= @pr) (1L — pb) > qpl;(1 —p)0 + (1 — q)pr0/2

s Tong a5y, (7 — 1) = py 4205 < 5

. . 2
andlf’y<1,pLZOZm-

par = 2Apas. So that if v > 1, pp < 2

q an
(1-9) (y—22+1)(v-1)

Step 8. We want to show that for v/2 < A < «, setting pir = py; = 0, 3 = p0, pi,+qu =

22— 22— L
1 and gy = . i y maximizes the relaxed program. We have concluded

X M = 5050
that all constraints in the relaxed problem bind. We now let Q = py;-+p1,+qus, solve system
that includes all such binding constraints to find the expressions for (ﬁ S AM> Do Pars qH) as
function of (py, @), and we substitute the resulting expressions in the objective function

(4), to obtain the following expression:

_ v+1
W= (1—A+~y)(A+1)Q+

(1—=A+2y =X+ )y
(I=A+v)(A+1)

Because A < «, we note that W is positive for @ € [0,1] and that the coefficient of @ is
negative, so that minimizing W requires maximizing ¢), which cannot exceed one, by the
probability constraint py,; + pi; + qur < 1. We now show that it is possible to set pg = 0
and obtain () = 1 without violating any of the relaxed program constraints. In fact, when
pr = 0, the first high-type ex-post constraint implies that 5 = pf and the second high
type ex-post constraint implies that p;, = 0. Solving the system including the low-type ex-
ante IC* constraint and the third high-type ex-post contraint, together with the restriction

p&—FqM =1 yields qy = ﬁ, qnm = ﬁ and pL = 1—qu. Because v/2 < XA < v,
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we obtain that 0 < ﬁ and ﬁ < 1, hence the probability constraints are not

violated.

Step 9. For A > ~/2, we want to show that the solution constructed (with innocuous
additional constraints) satisfies all the program constraints. We first consider the low-type

IC* constraint: We only need to show that, off the equilibrium path, the low-type settles:
(gpr + (1= q)piy) B > qpu(1 —p)f + (1 — q)pj,0/2
(gqm + (1 = q)am) - 1/2 > qqu(1 — p)0 + (1 — q)qu /2
and indeed:

pl > 0/2
(1—q)am
qqu + (1 — q)qu

q9g
qqu + (1 — q)qu

1/2 > (1-p)d+ )0/2.

Then we consider the high—type IC* constraint. We proceed in two steps. We first deter-
mine the off-path behavior of the high type and show that

(apir+ (M —q)pL) - 1= B) < qpy,0/2+ (1 — q)pLpb

: A=A 4+ _ O=)A A=)(v+2
as long as either v > 1 or pg, > 2—;’ - e

pM - 2,},2 (/\7771)) fOI' Yy < 1, that

(qpa + (1 — @)pr) pO = qpy0/2 + (1 — ¢)prpd

and that

(qqmr + (1 — @)qr) 1/2 < qqu0/2 + (1 — q)qrpb

1-6 ¢ . A _ A2y
as long as q;, > 500 1T gIM> 1-€ q1 > SAM = 2D

Then we substitute in the high—type IC* constraint (duly simplified):

q(qr /2 + (1= qu)8/2) + (1 — @) (P38 + am /2 + (1 = pi; — qur)pb) >
(apir + 1 = @)pr){@1-50/2 + (1 = @11-5)p0}

+(gpy + 1 = @)pr){as0/2 + (1 — q)pb}

+(gqu + (1 — Q)ar){@1260/2 + (1 — qr12)pf}

+q(1 = pi; —pay — am)0/2 + (1 = @)(1 — 2pr, — qr.)p0
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= qpy0/2+ (1 — @)prpd + qpy;0/2 + (1 — @)prpd + qqm0/2 + (1 — q)qrpf
+q(1 — pi; — o — an)0/2+ (1 — @) (1 — 2p — qr)pf
=qf/2+ (1 —q)pb.

Substituting in the expressions for ¢as, ¢ and pi, + qur = 1, we verify that the high-type

IC* constraint is satisfied with equality.

Finally, we need to show that the low-type ex-post constraints are satisfied. Indeed:

_ - 9
(qpar + (1 —@)pr) 0 > qpy (1 —p)0 + (1 — ey

(gqr + (1 = q)qr) - 1/2 > qqu(1 — p)0 + (1 — q)ng

whereas
0
(@i + (1= @)pr) (1= pb) = qpi;(1 = p)0 + (L = g)pr;
O+2p0— Y A
aslongaspy (y—1) = it J(rfpe) 2 < 27 )pM = 2Apy. Sothatify > 1, pp < 2%
: (=N (+2)A
and1f7<1,pL>O>2W

The proof is concluded because, obviously, the probability constraints are satisfied.

Additional Step. We want to show that for v/2 < A < «, the solution py = py, = 0,
B=pb, piy+aqu=1and qy = ﬁ, qu = ﬁ is not always the unique solution
of the mediator’s problem. We have previously concluded that, for v/2 < A < ~, any
admissible solution to the following system is a solution to the relaxed problem (where we

change notation, so that py; = py and p}, = p):

(1=py +pn+qu
(gqm + (1 = q)qumr) /2 = qqut/2 + (1 — q)qupt
gqu + (1 - quN) (1-05) = quH/ 2+ (\1 - Q)pNPH
(gpn + (A — @)pm) B = qpu/2 + (1 — @)pmph
gipnB+pu(1 = B) +am/2+ (1 —pyr — v —qu) (1 — p)b) + (1 — q)/2
=1 -q¢)n(1—=08)+pmB+au/2+ (1 —py —pyv — qu)b/2)
 +e((2pr +qu)/2+ (1 = 2pg — qu)(1 — p)b)

Further, we know that the system is under-identified, and allows a continuum of solu-
tions as functions of py (or say, py). We have focused on the solution where py = 0 and

hence py = 0. But suppose that py > 0, and see if other solutions are admissible. We take
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an example with p = 0.8,¢ = 0.5, = 0.8, so that v/2 =0.7< A =1 <y =14, and we are
within the required bounds. Picking py = 0.001, we solve the above system, and obtain
the solution: p = 0.8, ¢ = 0.5, 8 = 0.8, § = 0.59883, A = 1.0, v = 1.4, pg = 0.203 75,
gg = 2.1070x 1072, ppy = 0.98395, pxy = 0.001, g3y = 1.5050 x 1072. Because all probabili-
ties are positive, 0 € [1/2, pf] and qg +py < 1, the solution is admissible. So, 8 = 0.598 83,
pr = 0.20375, gz = 2.1070 x 1072, ppy = 0.98395, py = 0.001, g3y = 1.5050 x 1072 is a
solution to the relaxed problem for the parameters (p = 0.8,g = 0.5,6 = 0.8) .

Now, we check that it is a solution to the mediator’s problem. We first consider the
low-type IC* constraint: We only need to show that, off the equilibrium path, the low-type
settles. Indeed:

(gpu + (1= q)pn) (1 = B8) — (qpu(l — p)8 + (1 — @)pnB/2) = 2.4570 x 1072 > 0
(qprr + (1 = @)par) B — (qpua(1 — p)d + (1 — ¢)pmt/2) = 0.14253 > 0

(qqr + (1 — Q)qunr) - 1/2 — (qqu(1 — p)0 + (1 — q)qa0/2) = 4.3344 x 1072 > 0

Then we consider the high-type IC* constraint. We proceed in two steps. We first deter-
mine the off-path behavior of the high type and show that

(apye + (1 —q@)pr) - (1 = B) < qpum0/2 4 (1 — q)pLpt
as long as pr, > 4.8203 x 1073, that
(gpnv + (1 — q)p1) B < qpn8/2 + (1 — q)pLpd

as long as pr, > 4.8295 x 1072 and that

(ggp + (1 = q)qr) 1/2 < qqur0/2 + (1 — q)qrpd
as long as q;, > 0.01075.

Then we substitute in the high—type IC* constraint, and obtain that it is satisfied with
equality.

Finally, we need to show that the low-type ex-post constraints are satisfied. Indeed:

(qpy + (1 — @)pr) B> qpy(1 — p)0 + (1 — q)pLg
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for all py, € [0,1],

(o + (1 —q)qr) - 1/2 > qqu(1 — p)0 + (1 — q)ng

for all g, € [0,1], and

(gpar + (1= @)pr) (1 = B) > qpar(1 — p)f + (1 — qmg

for all p;, € [0,1].
This concludes that the solution 3 = 0.598 83, py = 0.20375, gy = 2.1070 x 1072,

pyr = 0.98395, py = 0.001, gay = 1.5050 x 1072 indeed solves the mediator’s problem for
the parameters (p = 0.8,¢ =0.5,0 = 0.8).

Proof of Proposition 4 We first solve the following relaxed program:

min  (1—¢)°(1—pr)+2¢(1—q) (1 —pa) + ¢ (1— py)

b,pr,prPH

subject to high-type interim individual rationality:

1 0 0
(=) b+ (=) 30) + (o3 + (1 =) §) 2 (1= 09+ 03
to low-type interim incentive compatibility:
0 1
A=) (X =po)y ooy |+ e par)(l—p)f+pu(l—0) 2

) ((1 pM)Z ﬂwb) +q ((1 —pr)(1—p)o HQH;) :

and to

pr < 1,py <1and pg > 0.

First, note that p;, = 1 in the solution because p;, appears in the constraints only in the
right-hand side of the low-type interim incentive compatibility constraint, which is increas-
ing in pr. Second, note that the low-type interim incentive compatibility must be binding
in the relaxed program’s solution, or else one could increase py thus reducing the value
of the objective function, without violating the high-type interim individual rationality

constraint. Third, note that the high-type interim individual rationality constraint must
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be binding in the relaxed program’s solution, or else one could decrease b and make the

low-type interim incentive compatibility slack.

Solving for b and py as a function of py; in the system defined by the low-type in-
terim incentive compatibility and high-type interim individual rationality constraints, and
plugging back the resulting expressions in the objective function, we obtain

v+1

RSy Yoy Y

+ K,

where K is an inconsequential constant. Hence, the probability of conflict is minimized by
setting py; = 1 whenever possible. Substituting py; = 1, in the expression for py earlier
which is strictly positive for A > v/2 and always smaller

derived, we obtain pg = (wg—jl)w

than one.

Solving for b and py; as a function of py in the system defined by the low-type in-
terim incentive compatibility and high-type interim individual rationality constraints, and
plugging back the resulting expressions in the objective function, we obtain

(v+1)A

02(7—2)\+1)()\+1)

pH_I_Ka

where K is another inconsequential constant. The coefficient of py is positive for A < v/2,
hence the probability of conflict is minimized by setting py = 0, which entails py; = ﬁ,
a quantity positive and smaller than one when A < ~/2.

The proof is concluded by showing that this solution does not violate the high-type in-
terim incentive compatibility and low-type interim individual rationality constraints in the
complete program. Indeed, for A > «y/2, we verify that the slacks of these constraints are, re-
spectively L (y = A+ 1)1 -0)(y =N (y+1)>0and : (y - A+1) " (y+1)(1—6) >
0. Similarly, for A < v/2, the slacks are 2 (v —2A+ )" A+ DT (1= 0) (y =N (v + 1) >
Oand 2(y+1-20" A+ 1) (y+1)(1-0) > 0.



