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Abstract

For aNTU-bargaining game with two privately informed and patient playersand an ex-
ogenously fixed disagreement outcome, consider any ex-ante efficient social choice func-
tion which is truthfully implementable in Bayesian Nash equilibrium with a fixed number
of messages. Conditions are derived under which this social choice function can beimple-
mented in Perfect Bayesian equilibrium of an escalation game. In this game, the players
choose simultaneoudly their demands and then decide in turn whether to accept the oppo-
nent’s proposal or to escalate until adeadlineisreached. Escalation stopsthe game with an
appropriate exogenously imposed probability of the disagreement outcome.

Keywords: Mechanism design, Bargaining models, Risk limits.

1. Introduction

In the literature on sequential bargaining models with asymmetric information and with
transferable utility, impatience is the driving force in resolving conflicts. If the players
have the same discount factor, players expecting larger gains lose more by delay and are
therefore willing to pay more in a compromise which ends the conflict at an earlier stage.
This contrasts with the early literature on bargaining in which risk limits determine whether
a player will submit to the opponent’s demand. Risk limits were introduced by Harsanyi
(1956) in hisinterpretation of the bargaining model of Zeuthen (1930) for which delay of an
agreement is not penalized. |n the choice between submitting to the opponent’s demand and
alottery involving the own demand and the disagreement outcome, therisk limit represents
the highest probability of disagreement that a player would be willing to face and till
insist on obtaining his own terms, rather than accept her opponent’s terms. The risk limit,
therefore, dividesthe loss of making a concession by the loss from ending in disagreement
and is independent of linear transformations of the utility function. The Nash bargaining
solution selects the outcome from the bargaining set which, once proposed by either of
two players and given their risk limits at that point, excludes further concessions. The
Kalai-Smorodinsky solution is the efficient outcome which equalizes the risk limits when
uncompromising players opt for their dictatoria outcomes.
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Risk limits have fallen in oblivion since Rubinstein’'s (1982) discovery that impatience
or the potential lossof delay induces playersto accept acompromiseimmediately in models
with complete information. Subsequently, Pareto inefficiencies, which are essentia to in-
duce playersto reveal their private information, and appear under the form of missing some
valuable trades in static bargaining models (Meyerson and Sattertwaithe(1983)), reappear
astheactual cost of delay borne by impatient playersin sequential bargaining models (Aus-
subel and Deneckere (1989)). The predictions are Coasian dynamics and cream skimming
with less demanding players as more information becomes available as time proceeds.

This paper returns to the original argument stating that risk limits determine the nature
of acompromisein bargaining. If different preferences result in different risk limits, then
the tenacity of a player to her demand is evidence for her resolve. In asequential bargain-
ing model, players typeswith higher risk limit will submit at alater stage because they are
willing to run a higher risk on alow payoff. This revelation mechanism also works when
players do not discount the future or when they have to reach an agreement before a com-
monly known deadline. The predictions are stubbornness of players and unexploited gains
of cooperation. The frequently observed stubbornness of playerssticking to their initial de-
mands was explained by Schelling (1980), Crawford (1982) and in a series of subsequent
papers as a strategic commitment to increase bargaining power. Schelling argues that if a
bargainer is placed in the position which isimpossible for her to retreat, thiswill persuade
the opponent to concede. Knowing this, bargainers purposaly place themselvesin the po-
sition which is impossible for them to withdraw, known as the tactic of “Burning one's
bridge’. Crawford presents a demand game with two-stages. In case the demands made
in the first stage are incompatible, players can choose in the second stage either to com-
mit or to concede depending on whether an exogenously given and privately known cost
of conceding is sufficiently high not to retreat from the incompatible demands. A player's
demand will be compatibleif she believesthat the opponent’s revoking cost is significantly
high. The only influence a player can exert on her costsis by exercising her option not to
attempt commitment by making compatible demand. But, in atwo-stage model, thereisno
feedback in which the exposure to risk is used to acquire information on the preferences of
the players needed to solve a bargaining problem.

This paper focuses on the transmission of privateinformation in the several stagesof an
escalation game after the players have determined their demands. Asin Crawford's analy-
sis, the choice of the initiad demands will depend on the final outcome of the subsequent
bargaining game and therefore on the extensive form of the bargaining game. By ruling
out monetary transfers which induce the opponent to submit to the own demand, we are
able to describe the effects of private information in the classical bargaining problem with
nontransferable utility. In contrast the existing literature on sequential bargaining restricted
the analysis of bargaining with private information to the case of transferable utility.

Wefirst study ex-anteefficient social choicefunctionswhicharetruthfully implementable
in Bayesian Nash equilibrium with a fixed number of messages. For any simultaneous
report of the risk limits, a direct mechanism without monetary transfers determines the
probabilities of three outcomes: each of the two outcomes proposed by the players and the
disagreement outcome. We compare these outcomes with the outcomes of an escalation
game. At each stage before reaching the deadline of an escalation game, one of the players



has to decide whether she accepts her opponent’s project or escalates, provided that neither
of the players submitted before. As a justification for accepting disagreement by rational
playersin adynamic game, Schelling (1980) arguesthat negotiators, as a bargaining tactic,
purposaly create uncertainty by reducing the scope of their own authority. 1t implies that
an escalating player runs the risk of an undesired outcome, such as a strike or awar. Asa
result, player types with low risk limits will capitulate early to avoid disaster. The escalat-
ing player revealsindirectly by her resolve that her risk limit exceeds the next value of an
increasing sequence.

The revelation principle states that the outcome of any Perfect Bayesian equilibrium of
an escalation game can be implemented in a direct mechanism. We show that, under some
mild restrictions, Pareto undominated direct truthtelling mechanisms can be implemented
in Bayesian Perfect equilibrium of an escalation game. This result shows that in a variety
of situations players, bargaining games with private information can be resolved without
having to call on athird party which enforces a particular allocation. It suffices to select
aprofile for the probabilities of the disagreement outcome at each stage of the escalation
game. Moreover, the strategies of the playersin an escalation game are a sequence of 0-1
decisions which in practice are more easily understood than the report of the own type.

The previous analysisjustifies an extensive form of bargaining gameswithout discount-
ing and constant disagreement outcome which isimplemented in two parts. In the initial
stage, the players propose their demands chosen from afeasible set of aternatives. In sub-
sequent stages, patient players stick to their initiad demands until they believe from their
experience that their opponent istoo strong. In that case, they prefer to submit as the prob-
ability of disagreement occuring before the opponent is expected to submit is deemed too
large.

The paper is organized as follows. In the next section we analyze truthtelling direct
mechanisms determining the collective choice in the case of three alternatives. By giving
positive probability to the Pareto dominated disagreement outcome, each of thetwo players
reveal their risk limit. In sections 3 and 4, we derive properties of Pareto undominated
mechanisms with a finite number of messages. We show that the matrix representatation
of amonotone mechanism, in which players choose rows or columns, has the dichotomous
alternating herringbone pattern: it is possible to delete leading columns and rows with
identical allocations in an alternating way until the matrix is reduced to one element. In
each allocation, one player wins with probability zero.

The proof isin two steps. In a generalization of Harsanyi’s argument, a player reveals
her risk limit in her choice between submitting to the demand of the opponent and alottery
with three outcomes: winning, submitting at a later stage and disagreeing. Disagreement
distorts the allocation. In screening models extracting information of one player along one
dimension, there is no distortion at the top. It is shown that this result aso holds in a
screening model with two players. The disagreement outcome, therefore, does not occur
in the first round of the screening process. Monotonicity of an alocation requires that the
first round results in aunique alocation which calls one of the players as the winner when
her opponent reports alow risk limit, independently of the report of thewinner. Thisisthe
first step taken in section 3. A low risk limit will be reported only if, in the continuation
game, the payoff of the lowest risk limit of the player who did not winin thefirst round does



not exceed some bound. In section 4, it is shown in a second step that a relaxation of this
bound increasesthe probabilities of winning and submitting at all roundsin the continuation
game by the same proportion. The outcome of the continuation gameis therefore obtained
by dividing the probabilities of winning and submitting at all rounds in the screening model

from which the types submitting in the first round have been removed. If this game were
played, there would be no distortion at the top and one of the players would have won with
probability oneinthefirst roun, after her opponent reported alow risk limit. It followsthat,

in the second round of the origina screening model, the player who did not submit in the
first round winsindependently of her report if alow risk limit was reported by her opponent
and if the disagreement outcome did not come up. The screening process continues until the
deadlineisreached. We also derive a condition under which the monotonicity restrictionis
not binding. The link between direct mechanisms with aternating herringbone pattern and
escalation games is made in section 5 and the nature of the Perfect Bayesian equilibrium
(PBE) is characterized in section 6. In section 7, the escalation game is augmented with
a demand game and shown to be a solution of an NTU-bargaining game in which patient
players have private information. We compare this game with the problems of dividing a
Euro, the double auction (Chatterjee and Samuelson (1983)) and the expected externality
mechanism (d' Aspremont and Gérard-Varet (1979)). We conclude with some of the policy
implications of the model.

2. Direct mechanisms

We start by analyzing when two players must make a collective choice from the set 2 U
{6}, = {w1,w2}, where wy isthe project or the outcome preferred by player 1, wo is
the project or the outcome preferred by player 2, and ¢ isthe disagreement outcome. Later
on we extend the model when 2 is a set with a finite number of Pareto efficient socia
outcomes, as in a bargaining problem. Prior to this choice, type 6; of player i observes
her Bernoulli utility function u;(x,0;),z € X,0; € ©,. Each player is assumed to be an
expected utility maximizer. For type 6; of playeri = 1,2, w; = u;(w;, 6;) is the payoff
when player i wins, s; = u;(w_;, 6;) isthe payoff when player ¢ submits to the demand of
the other player —i, and d; = u;(6, 0;) is the payoff when no agreement can be reached.
We assume that
w; > 8; > d; foramostall ; € ©;
Since w; > d; dmost always, define the risk limit for type 6, as
w; — 84

k(0;) = —
which isindependent of linear transformations of the utility functions. Let 35 be the three-
dimensional smplex. Intheallocation © = (71, w2, 73) € 33, wq is selected with proba-
bility 71, wo is selected with probability 7o, and 6 is selected with probability 73. For this



allocation, the expected utility of type 6, player 1 is

W1(91; T) = Tiwy + T8t + T3d;
=dy+ (wy — A0 (k{81 )5 )
Ul(k(él), ﬂ') =T + 7TQ(]. — k(@l))

WQ(GQ; ) is derived in a similar way. |n a direct revelation mechanism, the alocation
depends on the report of thetwo typesd = (61,05) € ©; x ©4. Sincethe expected utility of
sometype of any player isapositivelinear transformation of the expected utility of another
type of the same player with the samerisk limit, two types of the same player with the same
risk limit will send the same report. We assume that the risk limits of the two players are
independently distributed and that %; is distributed according to the absol utely continuous
distribution function F;(k;) with support [K;, K;] C [0,1], where f;(k;) represents the
associated density.

A direct mechanism is amapping = from [K ., K| x [K,, K] into 33: for the re-
port k € [K,, K] x [K,, K2| the expected utilities for type k; of player i = 1,2 are
respectively

Ur(k1; k) = m(k) 4 ma(k) (1 — k1)

Usa(ka; k) = ma(k) + m1(k)(1 — k2))
For the mechanism = to be truthfully implementable in Bayesian Nash equilibrium it is
required that, for aimost al k € [K;, K| x [K,, K»,

Ek2 [Ul(kl;kl,k'g} — Ekz [Ul(k'l;kll,kg] > 0 for al k/l S Kl,E1
Ek] [Ug(kg;kl,kg} _Ek| [Ug(kg;kl,ké] > 0 for al ké (S KQ,KQ

If the mechanism 7 satisfies the truthtelling constraints, then the mechanism is said to be
Bayesian incentive compatible. For a Bayesian incentive compatible mechanism

Ui(k1) = Eg, [Ur (k13 k1, k2)] Us(ka) = Ey, [Ua(kos ki, k)]

Proposition 1 If 7 istruthfully implemented in Bayesian equilibrium, then for each player
i=1,2,U;(.) isconvexon [K;, K;].
Proof. Truthtelling in Bayesian Nash equilibrium implies that
Ui(k1) = sup By, [Ur(k; Ky, k)] = g, [Us(ky; k1, ko))
ki €[k, K]

The pointwise supremum of afamily of linear functionsis convex. ll

It follows from the envelope theorem that, in a Bayesian incentive compatible mech-
anism, -Ey._.m_;(.,k_;) belongs to the subdifferential of the expected payoff function
U;(.). The Proposition establishes that F,_,7_;(., k_;), the expected probability of sub-
mitting of each player ¢, isnon-increasing in her type.

Theoutcome (T} (.), Us(.)) Pareto dominatesthe outcome (T (), Us(.)) if fori = 1,2
andfor al k; € [Ki,Fi],U;(ki) > U;(k;) and, for some i and for al &; in some open
interval in the support of F;, T;(k;) > U;(k;). A mechanism 7 yielding (T1(.), Us(.)) is
Pareto undominated if it isaBayesian incentive compatible mechanism and if there does not
exist another Bayesian incentive compatible mechanism =’ yielding (T (.), Ty (.)) which



Pareto dominates (U4 (.), Ua(.)). Fori = 1,2, let
W; = EU(k;) fi(k)dk

where f; (k) isthe density function of an absolutely continuous distribution function F; (;)
with support [K;, K;] C [0,1]. A mechanism r is Pareto undominated if there exists
F=(F.,F)ad¢ = (¢,,¢,) € Xy suchthat £, W, + £,W, is maximized over the set
of Bayesian incentive compatible mechanisms. The incentive constraints depend on the
the type distributions F' = (Fy, Fy). There are two reasons why one might distinguish
the weight distributions F from the type distributions F'. Firstly, the expected utility of
sometype of player i isgivenby W; = d; + (w; — d;) (m; + 7—;(1 — k;)) , so that it may
desirablein the eval uation of amechanismto correct the distributions of therisk limitswhen
E(w; — d;| k;) depends on k;. Secondly, one may want to discriminate between types of
the same player.

3. CoarseDirect Mechanisms

Inorder tolink direct mechanismsto escal ation gamesdefined bel ow, werestrict the number
n; of messages sent by each player. Of course, the outcome selected in a direct mechanism
with a restricted number of possible outcomes approaches the outcome of a completely
revealing direct mechanism when n; and ny increase without bound. Rank the groups
according to the expected probability of submitting in the mechanism 7. By Proposition 1,
all the members of a group with higher rank have lower risk limits than the members of all
groups with lower rank. Consider therefore the two increasing sequences

,CZ‘ = {KiaKi(l)-, ...,Ki(ni - 1)?1}
partitioning [K;, K] inton; intervalsI;(1) = [K,;. K;(1)], ..., Ii(t) = (Ki(t—1), Ki(t)]. ..., Ii(n;) =

(K;(n; — 1), K;]. Inthe direct revelation mechanism, all types belonging to an interval
I;(t) send the same message s;(t), so that the direct mechanism can be represented by the

matrix

player 2
s2(1) s2(2) ... sa2(ny)
si(1)  a(1,1)  a(1,2) .. a(l,n9)
player s1(2)  a(2,1) a(2,2) .. a(2,n9)
si(n;) a(ni,1) a(ni,2) .. a(ni,ne)

An entry a(r,m) of the matrix A isapar (a1(r, m), aa(r,m)) defining the alocation
(a1(r,m),as(r,m),1 —ay(r,m) —aa(r,m)) = w(k1, k2), k1 € Ii(r) and ko € I(m). If
two neighbouring columns or rows are identical, they are merged. The probability of I;(t)
is pi(t) = Fi(Ki(t)) — Fi(Ki(t — 1)).

Proposition 2  The coarse direct mechanism is Bayesian incentive compatible and par-
titions the types in ny x ny classes if and only if, for » = 1,...,ny — 1 and for m =



1, vy g — 1,

E,, [(ag(r,m) —az(r +1,m)) (1 — K1(r)) + (a1(r,m) —a1(r +1,m))] =0

E, [(a1(r,m) —a1(r,m + 1)) (1 — Kao(m)) + (az(r,m) — az(r,m+1))] =0
where a(r, m) isan entry of A, K (r) belongs to an increasing sequence Xy and Ka(m)
belongs to the increasing sequence /Cs.

Proof. The result follows from taking the pointwise supremum of a finite set of linear
functions, generating the functions U, (k1) and Uz (ks), which are piecewice linear, con-
vex and decreasing. Assume that the mechanism partitions the typesin nq x no classes.
Thekinksof U (.) occur at K1(r), 7 = 1,...,n; — 1, when Ey, Uy (K (r); K1(r), ko) =
Ep, Ui (K (r); Ki(r +1), ko). SinceU, (.) isdecreasing, K, (r) > Ki(r + 1). Thesame
holdsfor player 2. B

FromProposition1, E,, [(a2(r,m) — az(r + 1,m))] > 0and E,. [(a1(r,m) — a1(r,m + 1))] >
0. It follows from Proposition 2 that types with higher risk limits, who are less likely to
submit, are more likely to win in a contest against the same opponent with unknown risk
limit. It also follows that

Ep [ag(r + 1,m) — as(r,m)] = Ep, [a2(r,m) + a1(r,m) — (aa(r + 1,m) + a1(r + 1,m))]
= E, [aa(r,m) — az(r +1,m)] K1(r) > 0
Additional information about one player’stypeis obtained only by increasing the expected
probability of disagreement.

We next impose monotonicity ex-post which is stronger than the monotonicity ex-ante
which isrequired to hold in any truthtelling mechanism.

Assumption A1

m3(.y ), m1(., ko) and mo(kq,.) are non-decreasing and m(kq,.) and ma(., k) are
non-increasing.

A mechanism 7 satisfying Al issaid to be monotone. The subsequent analysisisin two
steps. We first analyze monotone mechanisms which do not allow for a Pareto improve-
ment within the class of monotone mechanisms. Mechanisms which are constrained to be
monotone are not necessarily undominated. Wethen proceed by deriving an assumption un-
der which Pareto undominated mechanismswhich are monotone ex-ante are a so monotone
ex-post. The next Lemma shows that in an incentive compatible monotone mechanism,
none of the types of some player ever gainsif her opponent becomes stronger ex-post.

Lemma3 If a coarse mechanism does not allow for a Pareto improvement within the
class of monotone mechanisms, then Uy (k1; k1, .) and Us(ke; ., k2) are non-decreasing.

Proof. Assumethat k; € I;(r) sendsthereport r, that ko € I3(m) sendsthe report m and
k5 € Ir(m + 1) sendsthe report m + 1. By Proposition 2, k5 > ko. By A1,
Ui (k1 k1, k2) = a1(r,m) + az(r,m)(1 — k1)
=1- CL3(T, m) - GQ(T: m)kl
>1—ag(r,m+1) —az(r,m+ 1)k = Ur(k1; k1, k)
Similarly for player 2. B
The probability of the disagreement outcome reveals the risk limit in a mechanism.



This distorts the efficiency of an alocation. It is well known that in screening models,
thereis no distortion at the top. The probability of disagreement is therefore equal to zero
if £ € I;(1) x I(1). The next Proposition extends this result by showing that in the
two dimensional model, which screens the risk limit of two players, for reportsin at least
one of the intervals I; (1) or I5(1), there will be no distortion. In that case, monotonicity
requires that the allocations in that interval, say I;(1), are identical. But then, a mecha
nism is alottery in which player 1 aways wins in one case and in which player 2 wins
if player 1 reportsin I;(1) and the screening process continues in the other case. ppears
only on the lefthandside of the incentive compatibility constraints. We therefore expect that
a1(1,1) 4+ a2(1,1) = 1. But, if the mechanism dominates dictatorship of the first player,
the probability that the first player wins must be zero. It followsthat there is no distortion
if one of the two players reports in the interval with the lowest risk limits, in which case
her opponent always wins.

Proposition 4  If a coarse mechanism Pareto dominates dictatorship and does not allow
for a Pareto improvement within the class of monotone mechanisms, then a, (1, m) = 1 for
m=1,..,n90r ag(r,1) = 1for r = 1,...,nq inthe matrix representation A.

Proof. By Al, v = a1(1,1) + a2(1,1) > ai(r,m) + az(r,m). If v < 1, consider the
mechanism A’ = A/v. This monotone mechanism satisfies incentive compatibility and
Pareto dominates 7. Therefore v = 1 and a1(1,1) + a2(1,1) = 1. Assume that both n4
and no exceed 1 and that in the partitioned matrix

A An
A p—
[ Ao Az }

a1 (r,m)+az(r,m) < 1foral entriesof A12, A1 and Aso, sothat it isfeasibletoincrease
aq(r,m) or az(r,m) to obtain, for sufficiently small changes, a monotone mechanism ’.
By A1, such apartitioning of A existsif and only if both the first column and the first row
of A have an entry for which 75 > 0. If Fi(K1(r)) < Fy(K2(m)), increase a1 (r,m)
in al entries of A2 by do and increase ay(r, m) in al entries of Ay by d@ such that
Fi(K1(r))da =(1— F1(K1(r)))ds. Incentive compatibility isrestored in 7’ after adjust-
ing K (m) by

(1= Fy(Ky(m)))da — F(Ky(m))d3

E, [71—1 (7"’ m) —-—m (T: m+ 1)]

Theineguality follows since, by Proposition 2, E,. [r1(r,m) — w1 (r,m + 1)] > 0 and, by
assumption,

>0

ng(m) =

= (1 Pa(ta(m) — ISR o(Ka(m)) ) dB < 0

By Al and by Lemma 3, al types of player 1 gain by a switch of some types of player 2

from the report m + 1 to the report m. If Fy(K1(r)) > Fa(Ka(m)), increase ag(r,m)

in al entries of Aoy by da and increase ag(r, m) in al entries of A5 by d3 such that
Fy(Ko(m))da = (1—Fy(Ka(m)))d resultinginachange of reportsfor thetypes|[ K1 (r), K1 (r) + dK;].
Obtainin both casesaParetoimprovement. If Paretoimprovementsin the class of monotone



mechanisms are excluded, one leading row or column has allocations for which all entries
have T3 = 0. By A1, these entries must be identical .

Without loss of generality, consider the mechanism 7 which Pareto dominates dic-
tatorship and for which the entries of the first column of A are (a;,1 — «1). By Al,
as(r,m) > as = 1 — «ay. Note that the mechanism 7" with a4 (r,m) = as(r,m) — as
and a/y (r,m) = ay(r,m)/ay ismonotone and Bayesian incentive compatible. Moreover,
the lottery which implements the preferred outcome of player 2 with probability «, and
the mechanism =’ with probability «; is payoff equivalent to the mechanism 7. Since,
by assumption, = Pareto dominates dictatorship of player 2, the mechanism = is Pareto
undominated only if the lottery is degenerateorif ao =1 — a3 = 0.1

4. Mechanismswith herringbone pattern

The reduced matrix, obtained after deleting the column or row with identical elements
in the matrix representation of an undominated monotone mechanism, satisfies Bayesian
incentive compatibility. e next show that aleading column or row of the reduced matrix
must also have identical elements.

Definition

A direct coarse mechanism 7 has the herringbone pattern if by iterated elimination of
leading columns or rows with identical elements, the associated n; x ny matrix A can
be reduced to a column or a row. The herringbone pattern is alternating if columns are
deleted after rows and rows after columns. The herringbone pattern is dichotomous if for
each entry a;(r,m)as(r,m) = 0.

It follows that for a direct Bayesian incentive compatible mechanism which has the
herringbone pattern, the reduced matrix, obtained after deleting the first row or the first
column, has also the herringbone pattern. In a mechanism with alternating herringbone
pattern in which player 2's types with low risk limit submit, player 1 cannot gain by over-
reporting when player 2 sends her first message and player 2'sreport isdecisive: her report
determines whether or not the allocation of the first column is implemented. If player 2
therefore does not send the first message, then player 2 cannot gain by overreporting when
player 1 sends her first message and player 1'sreport isdecisivein the selection of the first
row of the reduced matrix. This feature is shared by the second-price seded-bid auction,
in which the winner cannot gain and the allocation does not change by overreporting. It
followsthat if the player sending the message s; (¢) would know that the type of her oppo-
nent belongs to theinterval I_;(¢'),t' < t, shewould be unable to increase her payoff by
having such information. Therefore, as in the English auction with ascending bids, each
one of the players may be asked in turn whether her risk limit exceeds the next treshold in
one of the two increasing sequences of XC;, starting with K;(1).

From Proposition 4, the types of some player ¢ belonging to 7;(1) submit in amonotone,
Pareto undominated, mechanism 7. After these types have been removed, the monotone,
Pareto undominated, mechanism 7’ for the surviving types requires that the interval of
types with risk limit below some critical level also submit. However, the outcome in the



continuation game determines the initial willingness to submit. Committing to an ineffi-
cient mechanism =’ for the screening of the survivors, which does not have the herringbone
pattern, could thereforefacilitate submission at an earlier stage. Thenext Proposition shows
that, for monotone mechanisms, the desirable way to induce earlier submissionsisto reduce
proportionally the survivors probability of winning. The Pareto undominated monotone
direct mechanisms have the herringbone pattern and can be derived as the outcome of a
recursive maximization problem. At each stage, after the disagreement outcome has been
imposed with an appropriately selected probability, the designer choosesthe Pareto undom-
inated monotone mechanism for the surviving types. A plan which is optimal for a set of
types remains optimal if this set is augmented with new types which have lower risk limits
and submit at an earlier stage, provided that the probabilities of winning of the former are
proportionally reduced in order to induce submission of the latter. Dynamic inconsistency
can be ruled out in the present model with asymmetric information?

If thelowest risk limitsof player 2 never wininthefirst round, it isrequired that the crit-
ical type K2 (1) isindifferent between truthful reporting, when shewill receive (1— K»(1))
asanormalized payoff and overreporting, when shewill receiveUs (K> (1)) asanormalized
payoff. Note that Us(K>(1)) is homogeneous of degree 1 in the alocation. If the payoff
of atruthful report of the critical type K»(1) isincreased to C, dividing the probabilities of
winning of the surviving typesafter K (1)'struthful reportby ¢ = (1 — K5(1)) /C, yields
amechanism which still satisfiesthe incentive compzjt\i bility and monotonicity constraints.
D‘\, initialy, the social welfare of the survivors was W, then after the transformation it is
W /. By Proposition 4, one of the players should winswith probality 1 in the mechanism
from which the types belonging to I>(1) have dropped out. If thisis player 2, then type
K5(1) gets C = 1 as anormalized payoff in the mechanism maximizing the social wel-
fare of the survivors. It follows that the optima mechanism for the survivors is optimal
for the the whole population if the probability of winning for the survivorsin theformer is
multiplied by ¢ = (1 — K»(1)) inthelatter.

Proposition 5 A coarse mechanismwhich doesnot allow for a Pareto improvement within
the class of monotone mechanisms can be implemented as a mechanism having the dichoto-
mous alter nating herringbone pattern

Proof. For an undominated mechanism 7, there exists a pair <§ , f) such that, given the

maximum number 7, x no Of possible outcomes and thetype distributions F, the associated
welfare function W (.) is maximized over the set of monotone incentive compatible mecha-
nisms. In the set of maximizers, we retain only those mechanisms having the dichotomous
aternating herringbone pattern and show that thisisanon-empty subset. Let W& = W (x?)
in the mechanism #* in which player i dways wins. If max, W = max [W{, W], the
Proposition is satisfied in atrivial way.

We consider therefore the case when max, W > max [Wi', Ws']. For suitable |abel-
ing of the players, player 1 always wins for k; € I3(1) in the monotone undominated

2 A similar problem was addressed in Ma comson and Spinnewyn and in Chiappori, Rey, Salanié and Sanchez
for the principal-agent model with hidden action. It was shown in these papers that commitment of the principal
in the multiperiod model cannot result in a better outcome.
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mechanism 7 and U (K2(1)) = 1 — K(1). Let A’ be the matrix representation of the
monotone and Bayesian incentive compatible mechanism «’, in which K ; and K5(1) have
the lowest risk limit within their class and which is obtained after deleting the first col-
umn in the matrix representation A of = and dividing all entries of the reduced matrix by
v=a1(1,2)+ax(1,2). Sincea; (r,m+1)+az(r,m+1) < ay(1,2)+az(1,2), itfollows
that @/ (r,m) + ab(r,m) < a}(1,1) + a4(1,1) = 1. That A’ inherits monotonicity and
incentive compatibility from A is established as follows. Firstly, a(r, 1) = (1,0) implies
that al a(r, 1) drop from the incentive compatibility constraints in the mechanism for the
survivors. Secondly, the monotonicity and incentive compatibility remain satisfied after
dividing a(r, m) by the same scalar.

Weshow that the social welfarefunction W/ (.) forthewrvivorsassociatedwith(&, (F, F/(1 - E(Kg(l))))
with (F1, F» /(1 — F>(K2(1)))) and with ny x (ng — 1) as the maximal number of pos-
sible outcomes, is maximized over the set of monotone incentive compatible mechanisms
for 7’. Fi rst/l;\/, note that the original mechanism 7 is Pareto undominated if and only if it
maximizes W {.) for the survivors under the same incentive and monotonicity constraints
and under the additional constraint

U(Ka(1);m) =1 - Ka(1)

Consider next a relaxation of the additional constraint by increasing 1 — K»(1) to C' and
let ¢ = (1 — K3(1)) /C. Try the mechanism 79 for which a® = a/¢ when a%(r,m) +
a3(r,m) < 1. Since U(K>(1);7) is homogeneous in a, simplify the system of binding
constraintsand recover theoriginal system of constraints. The objective becomesW(w) /.
Since the solution of a maximization problem is invariant to linear transformations of the
objectivefunction, it followsthat 70 isthe maximizer of the relaxed problem. Furthermore,
U(K2(1);7%) < 1 when a9(r,m) + a3(r,m) < 1. For some C < 1, the additional
constraint becomes non-binding, and a® = @’ = a/v.

If max, W = W¢, then max, W = W¢, acase which has already been covered. If
max, W = /VI72‘1, then a(1,2) = (0,1 — K5(1) and 7 is a mechanism with two outcomes
having the alternating herringbone pattern. If, therefore, max; W > max [Wf, Wf},

then by Proposition 4, the maximum of W is reached in a mechanism 7/ for which the
entries of the first column are equal to (1,0) or the entries of the first row are (0,1). In
the former, the first and the second column of A can be merged and the simplified matrix
hasn; x (ne — 1) outcomes. In the latter case, delete the first row. In both cases, repeat
the same argument as before, until a matrix is obtained which is a column or arow. This
column or row isirreducibleif it consists of at most two entries. A Pareto undominated,
monotone and incentive compatible mechanism has therefore the alternating dichotomous
herringbone pattern. &

We conclude the analysis of undominated mechanisms by deriving a condition under
which the monotonicity constraints of a monotone mechanism are not binding.

Proposition 6 Assume that a(r, m) or a(m,r) isthe first entry of a leading column or
row of a reduced matrix obtained after deleting the maximal number of identical rows or
columns without deleting that element. Assume that player i has a positive probability of
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winning. If in all such cases, for K;(r) < K;(r'),K;(r) and K;(r") belonging to K,

?1’ . K,L-(’l"/) dﬁ(k)
Ji(Ki(r), Ki(r')) :/ kidF;(k;) —/ ki——" >0 (A2)
Koi(r) oy Fi(Ki(r))
then a Pareto undominated, incentive compatible coarse mechanism can be implemented
as a mechanismwith alternating herringbone pattern.

Proof. It suffices to consider the case when n; > 1,7 = 1,2. Assume that the mecha-
nism 7w maximizes W for (¢, F', F') on the set of monotone mechanisms. By Proposition 5,
it has the alternating dichotomous herringbone pattern. If J;(K}) > 0, we show that the
monotonicity constraints do not bind. Assumethat the entries of thefirst column of the ma-
trix representation A areequal to (1, 0). Replacetheentries by theallocation (1 — dev, de).
In evaluating dW, we can neglect the induced changes in /C; for restoring incentive com-
patibility by the envel ope theorem. Since by this change, monotonicity remains satisfied,

dW K, _ K> (1) -
A(l) = % = 751/ kldFl(kl)FQ(KQ(l)) +£2/ deFQ(kQ) <0
K] =2
Restrict the replacement to the entries a(r’, 1), 7/ > 7. Inthat case
AW K . (1)
M) =G =6 [ mdB) R4 [ RadFalh)(1-Fi (K1 (1)
@ Ki(r) K,
Since A(1) <0,
2(1) o N7d
fII(( deFQ(kQ) K1 -
=2 < kydFy (K
Sy <6, HeR)
so that
Ky (r) _ K -
A(r) < €, Fa(Ka(1)) < / Frd P (kr) — / kldFl(kl)Fl(Kl(r))>
Kl K1

If, therefore, J1 (K, K1(r)) > 0, it followsthat A(r) < 0 and that the monotonicity con-
straint is not binding for a(1, ). Since by Proposition 5, the mechanism = is a maximizer
of the welfare function for the survivors after deleting identical columns and rows, the
same argument can be repeated. Finally, for mechanisms having the herringbone pattern,
monotonicity between the different entries of columnsand rows and of a4 (., .) + as(.,.) is
aways satisfied. H

5. Theescalation game

Let ¢ be the round at which acolumn or row is deleted in an undominated incentive com-
patible mechanism having a dichotomous aternating herringbone pattern. b = 1 if arow is
first deletedand b = 2 if acolumnisfirst deleted in the matrix representing this mechanism
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and )
1ift —be2IN

| 2ift—be (2IN +1)

Merge thetwo sequences Ky and K», of critical playersin the sequence C, such that K (t)
K isthecritical type of player m(t) who is indifferent between reporting in the column or
row which is deleted at round ¢ and at round ¢ + 2. By Proposition 5, the entries of the
leading column or row of the reduced matrix are of the form ¢(¢)(1,0) for m(t) = 2 and
of theform ¢(¢)(0, 1) for m(t) = 1. Notethat ¢(¢) isthe probability that atype winswhen
acolumn or row isdeleted at round ¢ and that ¢(.) isdecreasing. The relevation mechanism
can therefore be casted in adynamic form. If ¢(¢ + 1) /¢(t) isthe conditional probability
that the game did not stop in disagreement beforeround ¢, then r(t) =1 — ¢(t + 1) /()
is the conditional probability of disagreement in round ¢. Assume that round ¢ is reached.
If type K(t) of player i submits at ¢, she receives the normalized payoff 1 — K (¢) and if
she escalates, she receives the normalized payoff

Py (K1) o(t+1)

m (t)

U (K() T For (K1) o)
T | 1=Faaen (KEHD) o(t4+2) o(t+1
() R ) ] Ser (- K(®)

Consider the profile R ={r(1),...,r(n)} of conditional probabilities of stopping the reve-
lation game in disagreement, with »(n) = 1 in the last round n. For this profile, consider
the sequence K (n) solving, for 1,..., n — 1, the second order difference equation
r(t)+(1—r(t))r(t+1)e(t+1
K(t) = 17((175@))((1)7)T((t+1)))£(t;r%) K)

. 1_Fm/t (K(t+1)
et+1) = (&)

In this solution, K (¢) is indifferent between a truthful report and overreporting, because
1— K(t)isequal to

U (K1) /¢(t) = 1—e(t+1))(A=r(t))+e(t+1) A —r(t+1))(1-r(t))(1 - K())
Inthis expression, 1 — e(t + 1)(1 — »(t)) isthe conditional probability that the opponent
submits at round ¢ + 1, given that K (¢) escalates and the revelation game did not stop in
disagreement at round ¢t and e(t + 1)(1 — (¢t +1))(1 —r(t)) isthe conditional probability
that type K (¢) would submit at round ¢ + 2, given that the opponent escalated at round ¢
and that the game the revel ation game did not stop in disagreement at round ¢+ 1 and round
t+ 2.

Note that K (n) = K (), S0 that e(n) = 0 when the deadline is reached. Also,
K(t) = K, and e(t) = 0 whenever e(t + 1) = 1. In the period preceding ¢°, in both
cases, K(t°) = »(t0). If, at stage ¢, the types of player m(t) with risk limit exceeding
K(t — 2) did not submit before ¢ and the types with risk limit not exceeding K (¢) submit
a t, then for the uninformed opponent, e(t) = (1 — Fp, ) (K (t)))/(1 — Fpy (K (t —2)))
isthe probability of escalation at stage ¢.

In adirect mechanism, one derives X and R maximizing some socia welfare function
W. Infact, an undominated mechanismisapair (XC ,R). The sequence X implemented in
adirect mechanism can also be obtained in the escalation gameT" = {n,b, R, F'}, where
at each of at most n stages, the players decide in turn whether they submit or escalate,
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starting with player b, R is the profile of the exogenously imposed probabilities of the
disagreement outcome and F' are the distributions of the risk limits. Since strategies need
only to be defined if the game did not stop before a stage of the game has been reached, the
history of the game is completely defined by the stage of game¢. The strategy of the type
k player moving at staget is given by

1if type k of player m (t) chooses E
7 5:8) = {0 it ot of ooyer 1)

0 if type k of player m (¢) chooses S
We assume that a player submits if she can not gain by escalating. Since F' defines
continuous probability distributions, ties almost never occur. If p,,; 1) (k). t — 1) is
the measure of the player m (t — 1)'sbelief on her opponent’srisk limit at staget — 1, then

1
e (t) = ‘/0 Om(t) (k, t) Pm(t—1) (km(t); t— 1) dk

is this player's forecast that player m (¢) will escalate at stage t. Since, player m (¢ + 1)
does not move at stage t, it follows that p,,, (1) (km(t): ) = Pm(et1) (Em,t + 1) and,
by Bayesrule, that
Tmt) (Bm(t) ) Pm(es1) (Bmey,t — 1)
1
Jo Pierr) Ry, t = 1) dk
A PBE (Perfect Bayesian Equilibrium) of an escalation gameT" = {n, 1, R, F'} reach-
ing stage n — 1 with positive probality® isapair (o, p), where
o = (01 (1) s Oy (1) 5oy T (,n))
p = <p1 (‘?1)3“'apm(t) ()t)aapm(n) ()n))
such that, o is sequentially optimal for p and p satisfies Bayesian updating for 0. Let
Um(t) (K, t) be the continuation payoff to type & of player m (t) when she survives until
stage ¢, then in a PBE for an escalation game
Um(t) (0,1) = Sm(e)
(Win(t) = dm(z))

Pm(t+1) (km(t):t) = (BU)

>0

U7n(t) (kat) -

Um(t) (kat) (1 — Om(t) (kt)) =0

6. ThePBE of an Escalation Game

Lemma's 7-9 establish properties which are needed in the characterization of a PBE of an
escalation game.

Lemma7 Atwo stage escalationgamel = {2,1,{r (1),1}, F'} hasa unique PBE, in
which
’Ul(lﬁ) = max [k’l —T (1) ,0}

3 Inthat case, out of equilibrium beliefs need not be defined.
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va(ke) = —r(1)(1 = ko)(1 = Fi(r(1))) + ko Fa(r(1)))
are the normalized continuation payoffs.

Proof. Sincer(2) = 1 and so > da, player 2 submits in the second stage. Therefore,
player 1 receives the payoff of » (1) dy + (1 — r (1)) w, if she escalates and she receives
s1 if she submits. Player 1 escalatesif r (1) di + (1 — 7 (1)) w1 > sy or {2=5- > 7 (1).
Therefore she dways escalatesif &y — 7y > 0, yielding the normalized payoffs (v, ve) =
(k1 —ry, —r1(1 — kg)). If by — 7y < 0, shedways submits, yielding the normalized pay-
offs (vy,v2) = (0, ko) . If k1 —ry = 0, by assumption, player 1 submits. Take expectations
to obtain the expected normalized payoff of player 2. B

Lemma8 For any PBE of the escalation gameT’ = {n,b, R, F'}, n > 1, thenormalized
continuation payoff of the escalating player satisfies

0 < Um(t) (k,t) =

r () (k— 1)+
(I—e(t+1)k+e(t+1)
(1r“”((r@+1ﬂkU+(1T@+1ﬂ%uﬂht+2»)>
< k—r(t) (1)

and vy, (-,t) isnon decreasing.

Proof. The proof is done by induction. For n = 2, the Lemma follows from Lemma 7.
Assume that the Lemma holds for any escalation game whose deadline does not exceed
n—1. Condder T' = {n,1, R, F}. If player 1 escalates, her continuation payoff is
~ B (I—-e(2)wr+e(2
B0 =r W+ 00 (o ofar (1) (5.9) )
Without discounting, the coefficients of the payoffson theright-hand sideaddto 1. Subtract
s1 from both sides and divide by w; — d; > 0. The normalised continuation payoffs are
related by
5}\1 (9 1) — 81
wy — dy
_ (1—e(2) b+
=r OG0+ 00 (2 (e (O r @) on 13 )
Since, by assumption, the normalised continuation payoff in the (n — 2)-escalation
game v (., 3) isnon-decreasing, v; (., 1) isincreasing. If player 1 submits, her normalized
payoff is 0 and independent of her type. It followsthat v; (., 1) is non-decreasing. At the
best, the escalating player winsin stage 2. Therefore, 01 (0,1) <7 (1)d; + (1 —7r (1)) wy
implying that v (k,1) < ky — 7 (1). Since the submitting player obtains s, as a payoff,
for the escalating player, 71 (6,1) > s1 or vy (k,1) > 0. It now follows that the relation 1
holds for player m (t) who escalatesin stage ¢.l

(%1 (k’, 1) =
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Note that the condition 1 relies on the assumption of no discounting. It is therefore
implicitly assumed that the delay in reaching an agreement is very short.

Definition 1 The escalation gameI" = {n,b,r, F } is essential if n = 1 or if for n >
Lr(t) <Kppad(1—rE—1)(1-r@#) <lfort=1,.,n—1

Thefirst condition ensures that the essential escalation game does not necessarily stop
before the deadline. Otherwise, we can advance the deadline such that the condition is
satisfied without changing the PBE. The second part excludes uninformative delay.

Lemma9 Consider an essential escalation game T' = {n,b, R, F'} in which players
submit in a tie. There exists a PBE of I' reaching »n with positive probability, such that the
types k € (K (t —2), K (t)] of player m (t) submit and the types k € (K (t), K]
escalatein staget < n. K (t) isan elements of the sequence K satisfying

K (t) = arg max [V (k1) < 0]
and the subsequences K1 and K, are strictly increasing.

Proof. InaPBE, al types k of player m (t) with v,,,(;) (k,t) > 0 escaate and, by assump-

tion, all other types submit. Suppose K (t) = argmaxy, [vy, ) (k,t) < 0]. By Lemmas,
Um() (-, 1) isnon-decreasing. Therefore, for sometype k of player m () reaching staget,
al types k < K (t) of player m (t) submit in stage ¢t and the players k£ > K (), if any,
escaatein aPBE. If ¢ < n, by assumption, K (t) < Fm(t). At each stage beforen, inan
essential escalation game sometypesleave. Consider type K () whoisindifferent between
submitting and escalating at stage t. If she would have escalated at ¢, then, by Lemma 3,
she would strictly prefer to submit at ¢ + 2. But then, in equation 1, vy, (K (t) ,t) = 0
determines type K (t) so that K (¢) is an element of K. Since, at each stage some types
leave, K1 and K are gtrictly increasing. B

Proposition 10 For the essential escalation gameT" = {n,b, R, F'},
Lifkpy € (K(t—2), K() ]

Tm kat = 1 K
@ (k1) { 0if k) € (K(t), Koy |

and dF, (k)
Pty (k1) = {I_lemu<K<t—1>> fork > K(t—1)
" 0 for k< K(t—1)

where K (t) are the elements of K satisfying (K), isa PBE which reaches the deadline with
positive probability

Proof. Animmediate consequence of the previous Lemma’'s. il

We note that for game T' = {n,b, R, F'} there may exist perfect equilibria stopping
before the deadline. Of course, the sequence K(t) satisfying (K) must define aPBE for the
gameT = {t,b,R, F'}. The next Proposition derives the condition for which thisis the
case.
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Proposition 11  For theessential gameT” = {n, b, R, F'} thereexistsa PBE stopping with
probability 1att < n — 1 if and only if

. (1= ()1 - O+ 1)
200 Cama et f )0 @

lifr=t¢
D(t) = { (1=r(m)1=r(r+1))e(r+1)ifr >t

1— maX[En(t_1)(7“ (1)), F7n(t—1)(r(7_ —2))]
1= Fop—1)(r(t —2))

and

e(r) =

Proof. Leti = m(t). Sincev;(.,t) is decreasing, an essential game stops with probability
lattinaPBEif and only if v;(K;,t) = 0. Inthat case, from (K), K(t — 1) = r(t — 1) <
K, (1—1). If K; submitsat ¢ on the equilibrium path, Bayes updating rule cannot be used if
K ; would escal ate off the equilibrium path. The out of equilibrium beliefs can be arbitrarily
chosen in the continuation game I'® with n — ¢ stages in which player m°(1) = i makes
the first move and the disagreement probabilities are those of the remaining stagesin the
origina game. Since in the PBE of this continuation game v (K ;, 1) = 0, v?(K;, 3) = 0.
It followsfrom (K) that Kfno(Q) = r(t+1), defining the escalation probability °(¢ + 1) of
player mY(2). The sum of the expected payoffsin the first two periods in the continuation
game are

r(t)d; + (1 —r(t)) ((1 — eO(t + 1D))w; + eo(t +D)(r@t+1)d; + (1 —r(t+ 1))51))
or after normalization

1-t+1)— 11 —r@)A —rE+1))(1—K;)

Unexpected escalation starts a new escalation game in the same way as before with similar
payoffsin which v?n( 5 (Kom()-2) = 0 inthe continuation game. Unexpected escalation
takesplaceif and only if the disagreement outcome did not come up and the opponent esca-
lates. The probability of this event is D(). Add these payoffs and conclude that stopping
with probability 1 can occur at ¢ if and only if (A3) issatisfied. &

Note that condition (A3) is always satisfied if the disagreement probabilities are non-
increasing. In that case, one can extend the strategy space by allowing that the players
propose a compromise. In that case, there exists a PBE in which none of the players ever
compromise, expecting that her opponent will always escalatethereafter. On the other hand,

if the profile of the disagreement probabilitiesis sufficiently steep, then the PBE stopping
with positive probability at ¢ > n — 1 isunique.

7.  The Demand Gamewith Private Information
It has been shown in the previous sections that an outcome of a Pareto undominated incen-

tive compatible direct mechanism for a binary socia choice problem satisfying (A2) isa
pair (X, R) which can be implemented in a perfect Bayesian equilibrium of some escala-
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tion game in which R is exogenously imposed. In that case, for an appropriate choice of
R, players with private information do not need an intermediary to resolve their conflict.
Many conflicts of interest fit in this framework. For a successful merger of two firms, one
firm may have to take up the standards or culture of the other firm. Either choice has ad-
vantages and disadvantages, but only one of the two aternatives can be adopted so that one
firm hasto submit. The negotiators postponing an agreement run therisk of failureinitiated
by athird party with opposed interests, such as possibly one of the shareholders calling off
the operations. Other examples are leadership contests between two playerswhich may end
alifelong friendship, matrimonia conflicts on educationa choices for the childeren with
the risk of separation or child custody after separation with the risk of legal battles.

In many cases, more alternatives are available other than the two aternatives for which
the players fight. One frequently observes that players do not want to change their initial
demand and wait until the other party submits or submit themselves when they recognize
eventually that their opponent is too strong and the expected loss of escalating istoo high.
In order to avoid signalling problems, we assume that players decide on on a menu of
demands before knowing their types. The incentive for the players to compromise or for
choosing outside the menu when they know their type disappearsif the former isinterpreted
as a sign of weakness or the latter raises suspicion. In the latter case, play the escalation
game in which the unorthodox player movesfirst and the probability of disagreementis 1
inthefirst round. Intheformer case, as explained above under condition (A3), there exists
a PBE in which the compromising player has no other choice than to submit immediately
thereafter. If immediate submission is the best response off the equilibrium path, then a
player knowing her type will choose the best demand on the menu chosen before she knew
her typeand stick to it for the remainder of the game. It followsthat the outcome of aPareto
undominated incentive compatible direct mechanism with support {w;,ws, §} satisfying
(A2) and (A3) isapair (K, R) which can be implemented in perfect Bayesian equilibrium
of ademand game augmented with an escalation gamein which R isexogenously imposed.

In atwo-step game in which the players play the escalation game after choosing their
demand w; from amenu €;, the distribution of the risk limits will depend on the selected
demand pair w = (w1, w2) € Q1 x Q. This puts the demand game and the importance of
risk limits as opposed to impatience in the resolution of conflicts into new perspective.

7.1 Pooling Equilibria of the Demand Game

Wefirgt clarify the effect of the choicesin the demand game on the outcome of the escalation
game, when in the equilibrium al types of the same player make the same demand. In the
direct mechanism, the designer of the mechanism is constrained to choose one project for
each of the players and, depending on the reports, assign probabilities on each project. For
the demand pair w = (w1, ws) € Q4 x Q5 choosen inthe pooling equilibrium, the strategies
of playerswith the same risk limit coincide in the escalation game. F; depends on the pair
w which has been selected. From Proposition 1, it follows that U;(.; w) is a decreasing
convex function of ;. Asaresult, the expected payoff in the demand game of type 6 is
given by

Wi (01,0) = u1(8,601) + (u1(w, 61) — u1(8,61)) Ui (k(6:); )
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Assume that N .
w € argmax Fy [W1(91,w) + Wa(f2,w)

the pair (KC, R) satisfying (A2) and (A3) defines a Pareto undominated incentive compat-
ible direct mechanism for w, then the demand game augmented by an escalation game
implements the direct mechanism for R

Consider the following simple example:

ul(w,él)—dlzal—wél ’U,Q(w,eg)—dQZO'g + wby

and 6, is uniformly distributed with support [0, 1]. If 8 is public information, this specifi-
cation defines a bargaining problem (S, d) for which

0 0
u9 :(72+d2+—2 ((71 +d1)7 —Qul
01 01

is the linear Pareto frontier of S. For d = (0,0), 0 = (1/2,1/2) and 6; = 65, we ob-
tain a symmetric bargaining game. If 6 is private information and w is a money transfer
for player 1 to player 2, then 6; measuresthe (locally constant) marginal utility of income
or, dternatively, in a quasi-linear environment,  measures altruism, increasing in 6, for
player 1 and decreasing in 6, for player 2. The choice of w has been addressed in bargain-
ing models studying the division of an Euro (Rubinstein) and in the double auction model
(Chatterjee and Samuelson). Teked = (0,0) and o = (1/2,1/2) in the former case and
taked = (0, —¢) and o = (1,¢) in the latter case’.
The distributions for the types and their weights are
wok; — w104

Fi(ks; wi,w2) = :
( “1 (AJQ) w9 — Wq — (71)%&1']{11'

and

Fi(his wn, ws) = kio? (2 (wa — wi) — (—1)'wik;)
L (20; + (—1)iw;) (w2 — w1 — (=1)iw;k;)?

0 w9 — W1
Lo+ (1)
In this specification, there is no discrimination between types and the utilitarian welfare
function takes §; = 1 + (—1)'w;/2 as weights for the two players. These distributions

satisfy (A2) guaranteeing that Pareto-undominated mechanisms can be implemented as an
escalation game. It has furthermore been checked that, for some demands, for <£ , f) the

outcome of an escalation game is preferred to the dictatorial outcome.

By increasing her demand, a player increases her own payoff. But, since distributions
of the risk limits with high demands first order stochastically dominate distributions with
low demands, this player faces less types of her opponent with low risk limits. As aresult,
the probability of winning is decreased.

defined on the supports

4 A good which has net value —e (after deducting shipping cost) to player 2, who is moving and value 1 to
player 2.
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7.2 Separating Equilibriafor the Demand Game

In the separating equilibria, players with types 6; € ©; ,, C O; sdlect w; € €, from the
menu. The demand w; in the demand game reveals ©; ., to the opponent, who knows her
typein the escalation game. The distribution of typesin the escal ation game depend on the
demand pair w € £2; x 5 which hasbeen selected. The strategiesof al typesin©; ,, with
the same risk limit coincide. From Proposition 1, it follows that U;(; w) is a decreasing
convex function of k;. As aresult, the expected payoff in the demand game of type 6,
choosing wy isgiven by

U1(5,91)j
(u1(w1, 01) —u1(6,61)) Ur(k(61); w1, w2)
Incentive compatibility requires that

W1(91,w1) > W1(91,w/1)
Vo, € @1,w| ,Vw’l (S Q1,V¢d1 e
Similarly for player 2. It follows that, in an equilibrium,
O;u, =1{0; € 0 ,VE(@z',wi) > Wi(ei,wé),Vwé €O}
Extending the social choice problem selecting one project out of apair of efficient projects
to a problem with a a fixed number of efficient projects can therefore be viewed as atwo
step procedure. In the formulation of her demands in the first step, each player revealsthe
element ©; ., of apartition of the types ©; which contains her type. In the second step, the
playersreved their risk limit. If ©4 ,, X ©2,,,, isasingleton, no further screening is needed
in the second step. If ul(wl(él), (91) —|—’U,2(¢d1(91), (92) > ul(wg(ég), 91) +u2(w2(92), (92),
then player 1 winswith probability 1 in thefirst and unique round of the screening process
of the risk limits. Otherwise, player 2 winswith probability 1. Since, in that case,
ui(wi, 0:) — wi(w—i, )
ui(wi, 0;) — (8, 0;)

W1(91,w1) = E,,

Ui(k(ei);wl,wg) =1- 7r_l-l<:(02-) =1- T—;

it follows that (0.6 if 0

T Ui(\Wi, 0) M T =

VVi(ei’Wi) - { ui(w,i,ei) if [ a— 1
If all the outcomes of the demand game are singletons, the incentive constraints of the
demand game determine the alocations, as in the familiar implementation in Bayesian
Nash equilibrium. In the other case, the escalation game alows for further screening.
Fine screening is possible only if the probability of the disagreement outcomeisincreased.
Coarse screening, on the other hand, implements the project of one player in some cases
for which the project of the other player is desirable from the social point of view.

Assume that, for afixed number of choices,

{wh, . wl w2 . w2} e

arg max > Egco, 1 X6, 22 [Wﬂ@hw}c) + Wa(by,32)
7L X232,

-1 -1 52 o2 — ol —
Wiy @y W75y, k=1,m;k'=1,m

Assumethat thepairs (K (w},, w}, ), R(w}, w}, ) defineaPareto undominated incentive com-
patible coarse direct mechanism for each pair (w}, wi,) satisfying (A2) and (A3). Thenthe
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family of demand games augmented by an escalation game with R (wi,wi,) is an NTU-
bargaining game implementing the direct mechanism.

NTU-bargaining gameswith asymmetric information and without money transfers have
not been considered in the literature, which focuses on mechanismswith quasi-linear utility
functions. We briefly discussthe effect of introducing money transfersin bargaining games
inorder to compare our result with the expected externality mechanism of d’ Aspremont and
Gérard-Veret. Let x = 1if thewinner paysatransfer m;(w;) to her opponentandlet y = 0
if thewinner paysthistransfer to athird party. If utility isadditiveinthe project and income,
the payoffs ex post are

ul (wi,mi(ws), 05) = uswi, ;) — ul™(my(w;), ;)
for the winner and
ul (wi, mi(ws), 0—s) = u_i(ws, 0_;) + xul (mi(wi), 0—is)
Moreover,
xul(m—;, 0;) (wi(ws, mi, 0;) — ui(8,0;)) + ul(mys, 0;)(uwi(w—i, 0;) — u;(6,6;))
(uzf(wi, mi,0;)) — ui(é,ei)> (ui(ws, mi, 0;)) — us(6,6;))

so that increasing the transfer of the winner reduces her risk limit if w;(w_;, ;) > u;(6,6;)
or x = 1. The expected externality mechanism of d’ Aspremont and Gérard-Varet (1979),
restricted to two players, takes x = 1 and risk neutral players. In that case, there exist
money transfers which implements an ex-post efficient outcome in Bayesian Nash equilib-
rium. The escalation games following the demand game yield dictatorial outcomes and do
not have any positive contribution. However, if the players have different degrees of risk
aversion, then the demand game is unabl e to partition the player typesinto singletons. The
escalation games following the demand game may improve on the alocation. 1n auctions
with private values, u;(w_;, 6;) = u;(8,6;) or x = 0 and k/ () = k;(0) = 1 and the
escalation games do not have any positive contributions. Nevertheless, escalation games
following undecisive bidding games may be welfare improving under less restrictive as-
sumptions.

k() = ki(6) -

8. Concluding Remarks

Demand games followed by an escalation game were proposed as a solution to NTU- bar-
gaining games with asymmetric information, whether or not monetary transfers are avail-
able. The choice of the menu from which the players can choose in the demand game and
the choice of the profile of R determining the outcome for the escalation game can aso
be viewed as the outcome of a preliminary cooperative bargaining game, before the types
are reveaed which, ex-ante, cannot be Pareto improved in the subsequent escalation game
played after the types have been reveadled. Thisis the task of those preparing the demands
of the officials at the negotiation table of a conference with a strict time table. Due to un-
predi ctable devel opments, the preferences of the official negotiators cannot be determined
exactly at the start of a conference. Schelling (1980) argues that negotiators, as a bargain-
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ing tactic, purposely create uncertainty by reducing the scope of their own authority: union
officials stir up excitement and determination on the part of the membership, government
decisions are not entirely predictable due to internal disputes. It implies that an escalating
player runstherisk of an undesired outcome, such as astrike or awar.

Butinan effort to contain the conflict, at least in thelong run, one may try to regulate the
profile of R so asto obtain the sequence X which maximizes the socia welfare function.
R can be considered as a measure of the impact of third parties who are able, with some
probability, to impose the disagreement outcome which is disiiked by both players. In
another interpretation it takesinto account the possibility that the preferences of the players
change (negotiators may be replaced by another team favouring another outcome, one of
the players gets another opportunity which she prefers to the continuation of the current
relationship, players get excited). If, as an example, some of the outside parties are too
powerful and are able to impose early submission on a player whose project is desirable
from a social point of view by threatening with a deadlock after her move, they may be
eventually restrained by new legislation or rules and conversely. Similarly, governments
may try to influence the outcome of wage negotiations by taxing thewinner or superpowers
may try to speed up peace settlements by subsidizing the party who iswilling to submit.

The paper shows that when the optimal direct mechanism satisfies conditions (A2) and
(A3), then the social choice problem with two players can be decentralized and the con-
strained optimal socia choice can be attained without an impartial intermediator. If thisis
the case, then it does not matter whether the players have information which isnot provided
totheintermediator, provided that the players haveto agreeif one of the two Pareto undom-
inated solutions is implemented. The present model is therefore helpful in understanding
the wisdom of Solomon in his judgement.
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