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Abstract

In the problem of mechanism design for bargaining with incomplete information,
agents may agree on a mechanism behind the veil of ignorance that is to be implemented
after they have observed their private information. Such bargaining process relies on
the assumption that it is absolutely common knowledge that agents definitely do not
know their types when bargaining over mechanisms. But what if it is too late to be
sure that agents are uninformed ex ante? I consider a two-person bargaining problem
in which bargaining over mechanisms takes place at the stage when there is some
small probability that agents might have learned their types, called the almost ez-ante
stage. I characterize optimal mechanisms that are robust to an e-perturbation of the

information structure at the bargaining stage.
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1 Introduction

When agents bargain over contracts or mechanisms before observing their private infor-
mation, standard arguments suggest that they can agree on a mechanism that is ex ante
incentive efficient. If agents have private information at the stage of implementation of the
mechanism, then the agents must be able to bind themselves to the mechanism that is se-
lected before either has any private information or some arbitrator (who has also committed
himself to the mechanism) must be able to enforce mechanism agreements. Otherwise, agents
might try to renegotiate their mechanism after they have observed private information. Then
the process of agreeing on a mechanism by privately informed agents can naturally be mod-
eled as the application of a bargaining solution for a theory of bargaining with incomplete
information to the set of possible mechanisms.*

The problem of ex ante bargaining raises yet another important conceptual issue. If
agents retreat behind the veil of ignorance to bargain over mechanisms, there should be no
doubt at all that agents do not know their types. But at the moment that agents bargain,
what if they are no longer truly ignorant? The solutions for ex ante bargaining may be
very sensitive to the assumption of the bargaining stage with absolute certainty about the
information structure that nobody has any private information. The goal of this paper is
to examine the robustness of ex ante bargaining solutions to adding a small perturbation
to this assumption. In particular, I consider an almost ex-ante environment in which an
agent might have been informed of his or her type with a small probability at the time of
bargaining over mechanisms. In such bargaining problems, I provide characterizations of
optimal mechanisms that are robust to an e-perturbation of the ex ante bargaining stage.

One implication of the results in this paper relates to the ex ante welfare criterion that

n two seminal papers, Myerson (1983, 1984) propose solutions for a theory of bargaining with incomplete
information. See Kim (2017) for the application to the problem of third party selection with incomplete
information. For a large body of related literature on mechanism selection, see Balkenborg and Makris
(2015), Celik and Peters (2011), de Clippel and Minelli (2004), Cramton and Palfrey (1995), Holmstrom
and Myerson (1983), Laffont and Martimort (2000), Lagunoff (1995), and Maskin and Tirole (1990, 1992),
among many others.



is used in several studies to evaluate the performance of mechanisms. Invoking the ex ante
measure is valid only under the assumptions that agents bargain over mechanisms before
knowing their types and that agents must be able to commit themselves to implement the
chosen mechanism even after learning their types. These assumptions are strong and hard
to justify in terms of the relevance to the real bargaining situation where bargainers already
have private information at the time they make a decision about the choice of possible
agreements.

Further, a proper study of mechanism design for bargaining with incomplete information
must account for different informational issues that may arise in the bargaining stage and
in the implementation stage. The characterization of optimal mechanisms that are robust
to a small perturbation of the ex ante bargaining stage provides a more solid grounding for
applications of such solutions in many bargaining problems. The applications encompass
court trials; commercial, labor, and employment disputes; disputes in the government and

consumer sectors as well as international disputes.

2 The Model

2.1 Basic Setup of Bargaining Problems

To describe a bargaining problem with incomplete information, I use the concept of Bayesian
bargaining problem proposed by Harsanyi (1967-8) and further analyzed for the fixed-threats
case by Harsanyi and Selten (1972) and Myerson (1979, 1984). Formally, a two-person

Bayesian bargaining problem G is an object of the form

G= (D,do,Tl,TmUl,u%p) .

The D is the set of feasible outcomes or decisions that the players can jointly choose among,

and dy € D is the conflict outcome which the players must get by default if they fail to



cooperate. For each player 7, T; is the set of possible types for player i and w; is player
1’s utility payoff function from D x T7 x Ty into R. The payoffs are in von Neumann-
Morgenstern utility scale. Without loss of generality, I assume that utilities are normalized
so that w;(do, t1,t2) = 0 for all i, ¢; and 5. Let T'= Ty x Ty denote the set of all possible type
combinations ¢ = (¢1,t3). The players’ types are independent random variables under the
common prior probability distribution p € A(T") that determines the players’ beliefs about
other players’ types. All types are assumed to have positive probability, p;(t;) > 0 for all
and all ¢; € T;.

In any bargaining problem, the players can agree on some decision rule or mechanism that
specifies how the choice should depend on the players’ types. Formally, a (direct-revelation)
mechanism is defined as a function p : D x T — R such that ) ., u(c[t) = 1 and p(d[t) > 0
for all d € D and for all ¢t € T. That is, p(d|t) is the probability of choosing outcome d in

the mechanism p, if t; and ¢, are the players’ types.

2.2 Information Structures at Bargaining and Implementation Stages

Unless there is only one sensible choice of mechanism p to which players can commit them-
selves, a bargaining problem subsumes two stages: the stage of bargaining over mechanisms
(or mechanism selection) and the stage of implementation of the mechanism. In a Bayesian
bargaining problem, implementation takes place at the interim stage when each player has
received his private information about his or her type t; but does not know the other’s in-
formation. When players’ types are not verifiable, then attention should be restricted to
mechanisms that incorporate different incentives of players’ types.

At the moment that players bargain to agree on a mechanism, there is some small prob-
ability € > 0 that each player has already learned his own type but not the other player’s
type, independently of the other player. I call this an almost ex-ante environment.? Then at

the almost ex-ante stage of bargaining over mechanisms, there are effectively |T;| + 1 number

2I thank Roger Myerson for suggesting this term.



of “types” of player i: ep;(t;) probability that player i already knows his type and the type
is t; for all ¢; € T;, and (1 — &) probability that player 7 is still waiting to learn his type.?
[ will call the latter type of player an “uninformed type.” The choice of a mechanism will

depend on the state of the players’ information.

2.8 Discussion of Benchmark Cases

Two benchmark cases can be distinguished. The case of ¢ = 1 describes the situation in
which bargaining takes place at the interim stage. In such case, players already have their
private information even before they bargain over mechanisms. The choice of a mechanism
can then be determined by an incomplete information bargaining solution applied to the
set of possible mechanisms, such as Harsanyi and Selten (1972) solution or Myerson (1984)
solution. The case of ¢ = 0 characterizes bargaining at the (absolutely) ex ante stage. In
this second case, where bargaining over mechanisms takes place before players have received
any private information, the choice of a mechanism will be an ex ante incentive-efficient
mechanism. The two benchmark cases are analyzed in a simple example in Section 4.

The second case raises some conceptual issues. When a mechanism is chosen under the
veil of ignorance, players must be able to bind themselves to the chosen mechanism that is
to be implemented after they have private information. Otherwise, players might wish to
renegotiate and replace the chosen mechanism with an alternative mechanism even when
the mechanism is incentive feasible. More importantly, the process of selecting a mechanism
at the ex ante stage relies on the assumption that it is absolutely common knowledge that
players do not know their types. Hence, the choice of a mechanism that results in this
case may be very sensitive to the absolute certainty about the bargaining stage being ex
ante. This issues leads to consideration of another possible specification of the information
structure: adding a small perturbation to the assumption that bargaining takes place at the

ex ante stage.

3For exposition, I use male pronouns for a player if there is no confusion.
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“A game with incomplete information is a game in which each player may have private
information [ - -] which the others do not know, at the time when the game is played” (My-
erson, 1984, 461). But the information structure may differ in different stages of the game.
A two-person Bayesian bargaining problem with the almost ex-ante stage of mechanism-
selection captures the idea that there is incomplete information not only in the sense that
players have different private information at the time when the mechanism is implemented,
but also in the sense that some players may have private information that other players do

not have at the time when the decisions about which mechanism to implement are made.

3 General Results

3.1 Optimal Mechanisms in Almost Ez-Ante Bargaining Problems

I characterize optimal mechanisms for two-person bargaining problems in which a mechanism
is selected at the almost ex-ante stage and is implemented at the interim stage.

When players have private information about their types that are not verifiable at the
stage of implementation of the mechanism, the set of possible mechanisms should be re-
stricted to mechanisms that are incentive feasible—that is, incentive compatible and indi-
vidually rational. A mechanism p is incentive feasible if and only if it satisfies the following

informational and participational incentive constraints for all i € {1,2} and all ¢; € T;:

STOS T pntogudtyud, ) > ST S pliltou(dltos, suid,t) Vs € T, (1)

t_,€T_; deD t_;,€T_;deD
> poit_)uld]t)ui(d,t) > 0. (2)
t_,€T_; deD

The left-hand-side is the conditional expected utility for player i of type t; if both players
report their types honestly, given any mechanism g at the implementation stage. The con-

straint (1) asserts that no type of any player would expect to gain by lying about his type in



implementing p while the other player remains honest; the constraint (2) guarantees that no
type of any player would expect to do worse in implementing x than in the conflict outcome.
If the players cannot commit themselves ex ante to honestly report their types and to not
force the conflict outcome after they learn their types, then they should select mechanisms
that respect the incentive feasibility constraints regardless of the information structure at
the mechanism-selection stage.

Now at the stage of mechanism selection, the decision on which mechanism to select
among the set of possible mechanisms that are incentive feasible will be based on aggre-
gation of players’ preferences over those mechanisms. Mechanisms are evaluated by their
anticipated effects on players. How a mechanism should be evaluated depends crucially on
what information, if any, a player possess at the time.

For a player who does not possess any private information (which happens with proba-
bility (1 — €)), mechanisms are evaluated according his ex ante preference. Players’ types
are not specified, but uninformed player i believes that he is type t; with probability p;(¢;).
With probability ep_;(t_;), player i encounters player —i who is informed and who is of type
t_;; and with probability (1 —¢), player i encounters player —i who is uninformed and who is
expected to be type t_; with probability p_;(t_;). So the ex ante evaluation of a mechanism

1 by uninformed player ¢ is given by:

>nit)| T epstutdon@n + (1 -9] T p--outdouian]]

t;eTr t_;€T_; t_;€T_;

which reduces to

Us(ulu) = pilts) Y D> poalt-i)p(dlt)ui(d, 1). (3)

t;€T; t_,€T_; deD

Technically this player does not know his type, but I condition the expected utility on being
the “uninformed type” denoted by u for notational convenience to distinguish from a player

whose type is privately known.



For a player who has received private information about his type (which happens with
probability ¢), mechanisms are evaluated according to his interim preference. Informed
player 7 has the same probabilistic beliefs over the “types” of player —i as an uninformed
player, but informed player i exactly knows that he is type ;. So the corresponding interim

evaluation of a mechanism p by player ¢ given that he is of type ¢; is:

S° epaltdudityud, )+ (1 -2 S patt-datdiud.b)],

t_;€T_; t_,eT_;

which reduces to

Uilplte) = 2 3 poalt-pldlt)us(d ) 4

t_,€T_; deD

All of the conditional expected utility levels for each player given each of his possible types
as well as the expected utility level for each player of being uninformed may be significant
in determining whether mechanism g is chosen. Whether informed or uninformed, players
should bargain for mechanisms that respect their preferences over possible incentive feasible
mechanisms. At the same time, because the incentive feasible mechanism that is best for a
player generally depends on his information state, the players should not encode their private
information, if any, in their mechanism proposals so as to prevent information leakage. Hence,
the optimal choice of a mechanism at the almost ex-ante stage must be characterized based
on consideration of all of the U;(u|t;) and U;(u|u) numbers according to criteria of both

efficiency and equity in some reasonable sense.

Efficiency. A mechanism p is almost ex-ante incentive-efficient if p is incentive feasible and

there does not exist another incentive feasible mechanism g’ such that

U;('|u) > U;(p]u) for uninformed player i,

U;('[t;) > Ui(plt;) for informed player i of type t; Vt; € T;,

with at least one strict inequality.



The idea behind characterizing the set of almost ex-ante incentive-efficient mechanisms
is similar to that in Myerson (1991, 497-498). Suppose that D and T are finite sets. Then
the set of incentive feasible mechanisms is defined by a finite number of linear constraints.
Thus by the supporting hyperplane theorem, an incentive feasible mechanism p is almost
ex-ante incentive-efficient iff there exist some positive number A;(u) for an uninformed type
of player i and some positive numbers \;(t;) for each type ¢; of each player ¢ such that p is
an optimal solution to the optimization problem

max [ Ui (p|u) + Z Xi(t)Ui(p]ts) (5)

T—A(D
" (D)5 teT;

subject to (1) and (2) for all ¢ and for all ¢; € T;.

This optimization problem is a linear programming problem, so a Lagrangean function
can be formed. Let a;(s;|t;) denote the dual variable for the constraint (1). Because I can
vary A as a free parameter over R7"“{*} the dual variable for the constraint (2) can be

suppressed. Then the Lagrangian function can be written as

Z[ Us(ulu) + > Nilts) ult]

t;€T;

+Z Z Z a;(sq|t;) [ Z Zp p(dlt)u;(d,t) Z ZP puldlt—i, si)ui(d, t)|.

i 4,E€T; s;€T; t_;€T_;deD t_,€T_; deD

This function can be simplified to
DD udt)Vild, A ) (6)
teT deD i

by letting

w<d,t,A,a>:p_i<t_i>[(xi<u>pz< D) + Y aulslt) (.

s, €T;

=Y ailtilsi)ua(d, (ts, si))} .

s; €T;

(7)



[ call this quantity V;(d,t,\, a) player i’s almost ex-ante virtual evaluation of decision d in
expectation of state ¢t with respect to A and . This definition slightly differs from the original
definition of virtual evaluation introduced in Myerson (1984). Player ¢ at the time when the
game begins does not know his actual type ¢; € T; if he is uninformed but believes ex ante to
be type t; with probability p;(¢;). Further player i, whether uninformed or informed, believes
that the other player’s type will be type t_; with probability ep_;(t_;) + (1 — e)p_;(t_;) =
p_i(t_;). Hence, the almost ex-ante virtual evaluation incorporates the idea that player ¢ has
an expectation of the type profile being ¢ when forming his evaluation of decision d.

By the duality theorem of linear programming, the dual problem for A can be written as

min > lzlneagz Vi(d,t, A\, ),
teT i

where o = (0 (si|ti))ic(1,2},s:em; t:e7;- These arguments lead to the following characterization

theorem for almost ex-ante incentive-efficient mechanisms.

Theorem 1. For any two-person bargaining problem G with almost ex-ante mechanism-
selection stage, an incentive feasible mechanism p is almost ex-ante incentive-efficient if and
only if there exist vectors X = (Ni(w), (Ni(ti))ner )ic,2y and a = (ou(sits))icq1,2),s:eT 16,
such that

Ai(u) > 0,M\(t;) >0, Vie{l,2}, Vt; €T;,

a;(si|t;) >0, Vied{l,2}, Vs, € T;, Vt; € T;,

Clezl)p(d|t);1/i(d,t,)\,a):r£16a5< 2- Vi(d,t,\ ), VteT,

and complementary slackness conditions of dual optima, where Vi(d,t, A, «) is defined in (7).

Using the notion of incentive-efficiency, Theorem 1 characterizes “potentially optimal”
selection of a mechanism for a two-person bargaining problem G in which bargaining over
mechanisms takes place at the almost ex-ante stage. One can readily see that this theorem
is very much like Theorem 10.1 in Myerson (1991). The idea behind the mathematical for-

mulation of the conditions for characterizing incentive-efficient mechanisms is essentially the



same. However, an important point of departure of this paper is a variant of the assumption
on the information structure of the bargaining stage; so that players’ evaluations of mech-
anisms (in terms of virtual utilities) will differ from those in standard analysis of incentive

efficiency in bargaining games with incomplete information.

Equity. The set of incentive-efficient mechanisms is not generally a singleton. A criterion
for equity should also be used to delimit a possibly large set of almost ex-ante incentive
efficient mechanisms that the players could reasonably consider. The equity criterion can be
defined by the concept of transferable virtual-utility payoffs introduced in Myerson (1984).
This concept captures the idea that players make some sort of equitable compromise between
alternative “types” of the same player in order to not reveal the unknown state of their private
information. Given my definition of almost ex-ante virtual evaluations, I can formulate the

appropriately modified version of the characterization theorem given in Myerson (1984).

Theorem 2. For any two-person bargaining problem G with almost ex-ante mechanism-
selection stage, an incentive feasible mechanism p is an almost ex-ante neutral mechanism

of and only if p is an almost ex-ante incentive-efficient mechanism and there exist sequences

{AFYe L {aFyee,, and {WF}S, such that:

M(u) >0, \F(t;) >0, Vie{l1,2}, Vt; € T}, Vk
of(silt)) >0, Vie{l,2}, Vs; €Ty, Vt; € Ty, VE,

(Newpits) + M (k) + 3 ab(sifti) )k (1) = 3 alb(tilsidet(s:)

S;E€T; S;ET;

= § : max Vild, t, \*, o) /2, Vi€ {1,2}, V¢, € T}, Vk,
€
t_,e€T_; %

limsupw;'(t;) < Ui(ult;), Vie{1,2}, Vt, € T,

k—oo

where Vi(d,t, \*, a¥) is defined as in (7) with respect to \¥ and o*. (The last two conditions

immediately imply the corresponding conditions for uninformed player i.)
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Although there is no general uniqueness theorem for the concept of the neutral bargaining
solution, neutral solutions form the smallest set satisfying the three axioms: probability-
invariance, extension, and random-dictatorship. I omit detailed expositions of these axioms,
which can be found in Myerson (1984). What is essential is that Theorem 2 provides a
complete characterization of optimal mechanisms for a two-person bargaining problem G
where bargaining over mechanisms is at the almost ex-ante stage; the optimal mechanisms
not only incorporate incentive-efficiency but also capture the idea of inscrutable intertype

compromise.

3.2 Comparison with Ex Ante and Interim Incentive-Efficient Mechanisms

Following Holmstrém and Myerson’s (1983) notations, I let A% and A} denote the sets of
mechanisms that are respectively ex ante and interim incentive-efficient.
An incentive feasible mechanism p is ex ante incentive-efficient iff there exist some positive

numbers \; for each player ¢ such that u is an optimal solution to the optimization problem
max AiUs () (8)

subject to (1) and (2) for all 7 and for all ¢; € T, where U(pt) = Y 0 2 e p P(E)pe(d]t)ui(d, t)
is the expected utility for player i from the mechanism . Solving this problem gives us A%.

An incentive feasible mechanism y is interim incentive-efficient iff there exist some positive
numbers \;(¢;) for each type t; of each player ¢ such that p is an optimal solution to the

optimization problem:

max > Y N (t)U(plt:) (9)

T—A(D
B (D) et

subject to (1) and (2) for all ¢ and for all ¢; € T}, where U;(u|t;) is the conditional expected
utility for player i given that he is of type ¢; from the mechanism pu, as defined in (4). Solving

this problem gives us Aj. The characterization theorem for A} is analogous to Theorem 1

11



except that the utility weights (A;(u))ic(1,2) are eliminated both in the conditions and in the
definition of virtual evaluations.

Let A% denote the set of interim neutral mechanisms defined and characterized by My-
erson (1984). By definition, A}, C Aj. Further, as Holmstrom and Myerson (1983) have
described in their seminal paper, it is easy to see that A% C Aj. The following result com-
pares these sets to the set of almost ex-ante incentive-efficient mechanisms and to the set of

almost ex-ante neutral mechanisms.

Theorem 3. Let A%, and A%, denote the sets of almost ex-ante incentive-efficient and

almost ex-ante neutral mechanisms respectively. Then A%, = AT and A%, = Ay C A7

Proof. Suppose that conditions for interim incentive-efficiency are satisfied for the incentive
feasible mechanism p together with some vectors (S\(ti))ie{172}7ti€j‘i and (a;(5;t:) )ic(1,2},s,€Ts tieT -
For any given p;(t;) for every type t; of any player i, there exist strictly positive numbers
Ai(u) and A;(t;) such that A;(u)pi(t;) + Xi(t;) = Ai(t;). Then with these utility weights
(Ni(w), (Ni(t:))tem )ieqr,2) together with (ou(s4]ts))icq1,2),s:em,temy» all the conditions in The-
orem 1 are also satisfied for the same incentive feasible mechanism p. The converse also
holds by the same logic. Thus the set of interim incentive-efficient mechanisms and the set
of almost ex-ante incentive-efficient mechanisms coincide. The equivalence for the sets of
neutral mechanisms can be shown by letting A (u)p;(t;) + A(t;) = A5(t;) for all k, for all
t; € T;, and for all i, where the sequences {\*}; and {\*}, satisfy respectively the conditions

for almost ex-ante neutral mechanisms and those for interim neutral mechanisms. O

Theorem 3 immediately implies that A% C A% ,. That is, ex ante incentive efficiency
implies almost ex-ante incentive efficiency. However, the sets A% and A%,y are generally
not equivalent. When players bargain over mechanisms at the almost ex-ante stage, there is
a chance that a player might know his type as well as the other player might. So each player
must use a strategy that maintains a fair compromise among the preferences of all of his

possible types, including of being uninformed, in order to not reveal his true information state

12



during the bargaining process. Therefore, the players who must make such interpersonal-
equity comparisons will choose among the set of almost ex-ante neutral mechanisms that may
be ex ante incentive inefficient. The next section presents a simple example that illustrates

this point.

4 An Example

There are two feasible outcomes: D = {dy, d;} where d; represents an agreement outcome.
Each player can be of type s or w, so that T; = {s,w} for all ¢, privately and independently
drawn from the same distribution with probability p and (1 — p) respectively. Each type
represents a player’s preferences toward the agreement and conflict outcomes. Adopting a
symmetric model, I simplify the notation by letting vss = wuyi(dy, s,s) = us(dy, s, s), Vsy =
ur(dy, s,w) = uz(di,w, s), Vs = ui(di,w,s) = uy(dy, s,w), and vy, = ui(dy, w,w) =
uz(dy, w,w). These parameters satisfy vgs > 0, Uy > 0, Vys > 0, Vg, < 0, and vy, + vy > 0.
Let I' C G denote the simple two-person bargaining problem.

The bargaining problem I' describes conflict situations under uncertainty of the following
kind: a type s prefers agreement to conflict with only with a type s opponent, whereas a
type w always wants agreement regardless of the opponent’s type; but the conflict outcome
is socially inefficient in the sense that it shrinks the sum of the two players’ payoffs relative
to the agreement outcome for any type combination. In this class of games, I refer to type
s as a strong type and to type w as a weak type, without the connotations of strength and
weakness in material or financial capabilities.

At the stage of mechanism-selection, the players choose some direct-revelation mecha-
nism g : D x T — R. To simplify notation, I restrict attention to mechanisms that are
symmetric across players. Hence, let g5 = pu(dols, s), qu = wp(do|s,w) = p(do|lw,s), and
qw = p(dglw,w). Any one of the possible mechanisms potentially available to the players

can then be formally identified as a triplet ¢ = (¢s, ¢um, gw). Then a mechanism g, incentive

13



feasible in I' if and only if it satisfies the following two informational incentive constraints

and two participational incentive constraints:

p(l - QS)USS + (1 _p)(l - QM)Usw Z p(l - QM>Uss + (1 - p)(l - QW)Uswa
p(1 = qar)vws + (1 = p)(1 — qw)vwew = p(1 = gs)vws + (1 — p)(1 — qar) Vs 10)
P(1 —gs)vss + (1 —p)(1 — qar)Usw > 0,

p(l - QM)Uws + (1 - p)(l - QW>wa Z 0.

Which mechanism should be selected depends crucially on when the selection decision is
made. I characterize the choice of a mechanism in the two benchmark cases of bargaining

stage: the ex ante stage (¢ = 0) and the interim stage (¢ = 1).

4.1 Mechanism Selection in Two Benchmarks

If the selection is made ex ante, before any player’s type is specified, then the players should
bargain for mechanisms that respect their ex ante preferences as well as their incentive

constraints. The ex ante evaluation of a mechanism , by player ¢ in I' is given by:

Ui(tg) = > (1 — q3)vss + p(1 = p)(1 = qr) (Vsw + Vws) + (1 = p)*(1 — qw)vww.  (11)

The reason for taking incentive constraints into account is because players evaluate possible
mechanisms given their rational expectations of the effect of any incentive they might create
at the interim stage of implementation. These considerations are captured by the concept of
ex ante incentive-efficiency due to Holmstrom and Myerson (1983). Formally, a mechanism

Itq is ex ante incentive-efficient if and only if it is an optimal solution to the following problem:

max [p [P(1=qs)Uss+ (1= p) (1= qar)vsw] + (1 =) [P(1 = qur)vws + (1 —p)(1 _QW)wa” (12)

14



subject to the constraints (10).1

Proposition 1. For any two-person bargaining problem I, when bargaining over mechanisms
takes place at the ex ante stage, the two players choose a unique ex ante incentive-efficient

mechanism.

Proof. The objective function in (12) is the ex ante expected utility in implementing y, for

any player, which can be rewritten as:

U(pg) = P*(1 — qs)vss + p(1 — p)(1 = qar) (Vses + vus) + (1 = p)*(1 — qw ) Vww-

The U(p,) is linear is vss > 0, gy + Uys > 0, and vy, > 0. Setting gy = 0 maximizes the
value of the objective function only to relax (or not affect) the incentive constraints. Given
gw = 0, setting both ¢g¢ and ¢j; as low as possible maximizes the value of the objective
function while g5 and q); must together satisfy the relevant binding constraints. (In par-
ticular, gg is either zero or increasing with ¢,; for any symmetric interim incentive-efficient
mechanism, which is proved in Kim (2017).) Consequently, a higher g5, decreases U (1), and
U(pq) is maximized at the lowest ¢j;. Hence, players should be able to agree on this unique
mechanism whose ultimate effect will be an ex ante incentive-efficient allocation, when they

bargain over mechanisms given no private information. O

For this selection of mechanism at the ex ante stage to be applied to the real situations of
disputes or bargaining problems, the disputants must be assumed to commit themselves to a
mechanism that is to be selected before either has any private information. Alternatively, the
ex ante efficient selection can be achieved if there is some enforceable rules for bargaining
over mechanisms that prevent the disputants from using their private information in any
way during the process of mechanism selection. But these requirements may be hard to

justify because it must be absolutely common knowledge among the players that they are

4Due to symmetry, the utility weight is the same for both players, so I can focus only on maximizing the
ex ante expected utility of one player.
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not informed of any private information.

The disputants often seek the assistant of a mutually agreed mechanism to help reduce
conflicts that arise precisely because of information asymmetries. Then the more natural
assumption is that the disputants already have their private information at the time when
they make a decision about which mechanism to implement. One way to provide a more
solid grounding for the relevance of mechanism-selection at the interim stage to the real
bargaining problem is to conversely show non-robustness of the ex ante selection. To do so,
I assume that players at the stage of bargaining over mechanisms are not absolutely sure
that everyone is uninformed.

At the almost ex-ante stage of bargaining over mechanisms, the players should choose
among the set of almost ex-ante neutral mechanisms. Due to Theorem 3, it suffices to
characterize the set of all interim neutral mechanisms for I" that are selected at the interim
stage. The interim evaluations of a mechanism p, by player ¢ of the strong type and the

weak type respectively in I' are:

Ui(/‘qls) = p(1 = qs)vss + (1 = p)(1 = qa1) Vs, (13)

Ui(glw) = p(1 — qar)vws + (1 = p)(1 = qw ) Vuww- (14)

Then an incentive feasible mechanism i, is interim neutral mechanism if and only if (i) it is

an optimal solution to the following problem:

max [A(S)[p(l—qS)vss+(1—p)(l—qM)vsw]+A(w)[p(1—qM)vws+(1—p)(1—qW)vww] (15)

subject to the constraints in (10) where the utility weights A(s) and A\(w) are strictly positive
numbers for the strong and the weak type respectively;® and (ii) for each positive number e,

there exist vectors a = (a(w|s), a(s|w) and w = (w(s), w(w)) together with A = (A(s), A(w))

5Due to symmetry, I need not distinguish between the two players but restrict to the A-weighted sum of
the expected utilities of all types of one player.
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such that a(w|s) > 0, a(s|w) > 0,

[(A(s) + a(w]s))@(s) — as|w)w(w)] = max{Vy,, 0} + max{(Vsw + Vis)/2, 0},
[()\(w) + a(s|w))w(w) — oz(w]s)w(s)} = max{(Vys + Viw)/2,0} + max{V,,, 0},
p(1 — gs)vss + (1 — p)(1 — qnr) Vs > w(s) — €

(1 = qur)vws + (1 = p)(1 — gw)vww > @w(w) — ¢,

where a(w|s) and a(s|w) are the dual variables for the IC constraints, and

Vie = p[(A(s) + a(w]s))vss — a(s|w)vus),
Vaw = (1 = p)[(A(5) + c(w]s))vaw — a(s]w)vun],
sz - p[()\(w) + O‘(S‘w))vws - oz(w]s)vss] )

View = (1 —p) [()\(w) + a(s|w))Vpw — oz(w]s)vsw}.

Then for any two-person bargaining problem I', there is a unique interim neutral mech-

anism. The following proposition summarizes my main result.

Proposition 2. For any two-person bargaining problem I', when bargaining over mechanisms
takes place at the almost ex-ante stage, the two players choose a unique almost ex-ante neutral
mechanism that is best for the strong type but worst for the weak type among a continuum
of symmetric almost ex-ante (or interim) incentive-efficient mechanisms. This selection is

ex ante Pareto inferior to any other almost ex-ante incentive-efficient mechanisms.
Proof. The proof follows from Theorem 1 in Kim (2017) and Theorem 3 in this paper. [

The reasoning behind Proposition 2 is as follows. If the selection is made at the al-
most ex-ante stage as described earlier, each player has uncertainty over whether the other
player possesses private information. In such case, a player insisting heavily on the ex ante
incentive-efficient mechanism could be taken as a signal of being the weak type, regardless of

whether the player was the informed weak type or was actually uninformed. The informed
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strong-type player will then be convinced to force the conflict outcome. Therefore, each
player—whether strong, weak, or uninformed—would not want the other player to infer via
his mechanism choice that he is weak. In some sense, both the informed weak-type player
and the uninformed player would have incentives to conceal their “types.” Accordingly, these
players would mimic the strong type by choosing whatever the informed strong-type player
would have chosen. Even if ¢ is very small so that there is only an infinitesimal probabil-
ity ep that a player already knows that she is the strong type, the effect created by the
early informed strong-type player who wants to break off from the ex ante incentive-efficient
mechanism is influential on the players’ behavior in bargaining over mechanisms. Thus each
player would bargain for the mechanism that is most favorable to the strong type.

The ex ante efficient choice of mechanism is worst for the strong-type player but best for
both the weak-type player and the uninformed player among all almost ex-ante incentive-
efficient mechanisms. On the other hand, the almost ex-ante choice of mechanism charac-
terized in Proposition 2 is ex ante worst for the players. But the proper welfare criterion to
evaluate the selected mechanism depends on when bargaining over mechanisms takes place.
Hence, the fact that players, if bargaining almost ex-ante, are not going to do as well as when
bargaining ex ante in terms of the ex ante welfare criterion is not surprising by itself. Nor
is the property of three types’ preferences toward the ex ante choice interesting. However,
the result that there is a difference between ex-ante versus almost ex-ante bargaining over
mechanisms, not in terms of welfare evaluations per se, but in terms of the bargaining out-
comes, is notable. An implication is that once there is even a very small possibility that some
player may be informed of his type, the players will not choose the ex ante incentive-efficient
mechanism. Hence, the ex-ante selected optimal mechanisms are not robust with respect to

a small perturbation of the information structure at the bargaining stage.
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5 Concluding Remarks

If there is even a small chance that the players might have learned their types at the stage
of bargaining over mechanisms, then the selected mechanism might not be ex ante incentive-
efficient. The analysis of ex-ante mechanism-selection in bargaining problems with incom-
plete information crucially depends on there being no doubt at all that nobody knows his
or her type. If that doubt is there, the players may play on each other’s doubt. Hence, the
result under the assumption of ex-ante bargaining stage is not robust to a small perturbation
of the information structure. This implies that ex ante efficiency can be seriously mislead-
ing as a solution concept for a theory of bargaining or as a welfare measure for evaluating
mechanisms. Further, this paper reinforces the relevance of the interim bargaining solution

suggested by Myerson (1984) to models of the process of agreeing on a mechanism.
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