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RESUME

Cet article propose un cadre unificateur pour I'étude de la renégociation de contrats en
présence d'information asymétrique. Nous montrons que Ia possibilité de renégociation a 1’ étape
interimaire n'affecte pas I'ensemble des contrats réalisables sans renégociation, et ceci, sans
égard quant & I'identité du proposeur de la renégociation. Par contre, Ia renégociation a I'étape
ex post modifie significativement I'ensemble des contrats réalisables. Ces modifications
dépendent de I'identité du proposeur. Nous démontrons ensuite comment la théorie de la
renégociation peut répondre & certaines questions en théorie des organisations. De fagon
spécifique, nous montrons que la décentralisation du processus de décision peut résoudre de
fagon optimale les problémes créés par la renégociation ex post. Finalement, nous montrons
que notre cadre d’analyse permet I'étude de I'arbitrage entre les marchés internes et externes.

Mots clés : information asymétrique, renégociation de contrats, théorie des organisations.

ABSTRACT

This paper provides a unifying framework for studying renegotiation of contracts in the
presence of asymmetric information. We show that interim renegotiation does not constrain the
set of contracts attainable with full commitment, and this, regardless of whether renegotiation
offers are made by the informed or uninformed agent. Ex post renegotiation, however, does
constrain the set of attainable contracts. These constraints depend on the identity of the agent
making the renegotiation offer. We then show how the theory of contract renegotiation can
provide insights for organization theory. Specifically, we show how decentralization of decision
making can be an optimal response 1o the threat of ex post renegotiation. Finally, we show that
our framework can be used to analyze the trade-off between internal and external markets.

Key words : asymmetric information, contract renegotiation, organization theory.






1 Introduction

The last two decades have seen the development of the economics of information
and its application to the realm of contracts. In particular, in the presence of
asymmetric information the role played by contracts in coordinating activities
expands: not only do contracts govern the terms of exchanges but they also
become vehicles for transmitting information. This dual role has lead to new
and important predictions: the presence of asymmetric information may lead
contracts to dictate inefficient outcomes since the information transmitting role
of contracts may hinder its traditional role as a mean of attaining allocative

efficiency.

More recently, the standard framework for analyzing contractual relations has
been brought to question. In particular, most of the predictions of contract
theory has been developed in environments where agents are assumed to be fully
committed to the terms of a contract. However, in many relevant economic
environments, full commitment to the terms of a contract may be an unrealistic
assumption. Therefore, recent research has been exploring how the predictions of

contract theory are affected when the assumption of full commitment is relaxed.

There are three dimensions along which the issue of commitment can and has
been examined. First, there is the possibility that parties to a contract may
not be able to commit to all types of actions or to actions in the distant future.
The analysis of this possibility has given rise to the literature on incomplete
contracts. Second, there is the possibility that parties to a contract may not
be able to commit to obey the contract at any point during the relationship.
This has given rise to the literature on self-enforcing contracts. Third, there
is the possibility that parties to a contract may not be able to commit not to
change the terms of a contract even though in certain circumstances it may be
in their mutual benefit to do so. The third issue, which is referred to as the
possibility of renegotiation, is the subject of this paper. At first glance, it may
seem surprising that renegotiation is even an issue in contract theory since optimal
contracts should leave no room for mutually beneficial modifications. Although

this intuition is right when examining the contract at the time it is originally
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signed, it no longer holds once the contract is being carried out and information is
revealed. In effect, once information is revealed, the objectives of the contracting
parties may become more precise and therefore mutually beneficial changes to
the contract may exist. However, if these changes to the contract are initially
expected to occur after information is actually transmitted, they may change the

initial incentive vis-a-vis the manner in which information is transmitted.

The approach we favor for analyzing renegotiation draws heavily on the work
of Holmstrém and Myerson (1983) in that we search to isolate how the possibility
of renegotiating a contract after the arrival of information affects attainable out-
comes in private-information environments. This contrasts slightly with main-
stream literature on remegotiation that has examined mostly situations where
there are repeated interactions between information revelation and implemented
actions.! The advantage of our approach is that it sufficiently simplifies the
problem to allow for a thorough examination of different renegotiation processes.
Moreover, once this more elementary framework is understood, it becomes easier

to analyze the multi-period problems that are predominant in the literature.

The paper is structured as follows: in Section 2 we present a general framework
for analyzing the effects of renegotiation in a hidden-information environment.
The simplicity of the framework permits us to examine how the timing of rene-
gotiation as well as the identity of the proposer affects the equilibrium outcome.
This section concludes with a discussion of the extension of our results to adverse
selection, moral hazard, and multi-period problems. Section 3, which is more sug-
gestive, discusses how the theory of renegotiation can be insightful for the theory
of institutional design. In particular, we argue that the issue of renegotiation of-
fers new and important insights with respect to questions of centralization versus

decentralization in organizations. Finally, Section 4 offers concluding comments.

IFor example, see Dewatripont (1988), Hart and Tirole (1988) and Laffont and Tirole (1990).
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2 The theory

Let us consider a situation where two individuals want to coordinate a set of
actions. The actions of interest are represented by a vector a = {a1,a2} € A,
where A is a compact and convex subset of R2 and where action a; is associated
with agent i = 1,2. The environment is uncertain and the possible states of
nature are indexed by t € 7 = {1,...,T} with the prior probability of state ¢
being denoted pg(t). The preferences of each player depend on the actions @ and
the state of nature ¢ and are represented by the utility function U7 {a, t) for player
1, and V(a,t) for player 2. The reservation utility for players 1 and 2 is U (0,1)
and V(0,t) respectively.

In order to fix ideas, it is helpful to think of the setup as one examining contin-
gent trade relationships where one of the two elements of a is a transfer payment.
For example, (a) in a labor market relationship, a; may be the wage paid, ag
the number of hours worked and ¢ the state of demand; (b) in a goods market
relationship a; may be the price paid for the good, ay the quantity of the good
that is transacted and ¢ the quality of the good; and (c) in a financial market
relationship, a; may be the level of investment into a project, as the amount
paid to the financier when the project is successful and t the probability that the

project is successful.

In order to assure that the contractual problem is well behaved, we assume
that the sign of V,, is opposite to the sign of U,,, that V(-,t) and U(.t) are
continuously differentiable and concave in a for all ¢, and that for all t > ¢ and
a# {0,0}, V(a,t) > V(a,t'). The first assumption specifies that the two players
have opposite preferences with respect to the vector of actions, that is, if player
1 prefers more o, then player 2 prefers less; the first two assumptions imply that
Pareto optimal trades exist for any state of nature. Finally, the last assumption
implies that a higher index for ¢ corresponds to a better state of nature for player
2.

In this environment, an allocation # is defined as a vector of action-pairs with

one element for each state of nature, namely g = {;z,}l, with u, € A. Our



interest is in characterizing allocations arising when the two individuals can write
contracts knowing that only one player, specifically player 1, observes the state of
nature. The allocations that the players will be able to obtain depend on the type
of contract that can be written and on the process by which the contract is chosen
and carried out. In order to maintain a balance between ease of presentation and

generality, we let contracts belong to the following class.

Definition 1 A contract ¢ (or mechanism) is defined by

1. A menu of actions m(c) = {a"}le where a € A from which player 1 (the

informed agent) is required to choose after she learns her private information;

2. The penalties imposed on each individual in the case where the selected actions

are not carried out. In general, we assume that these penalties are infinite.

A contract is therefore a game form to be played by the two players. The
game form has three important features. First, we have allowed for mechanisms
other than direct revelation mechanisms since in the presence of renegotiation the
latter may be restrictive. We do however restrict the space of messages that can be
sent during the relationship. Specifically we assume that only player 1 can send a
message since it is she who has the private information. Second, we have restricted
our attention to contracts that only specify choices of deterministic outcomes.
Third, we allow contracts to be specific about the payoffs associated with different
actions before the actions are actually carried out, namely, the specification of
infinite penalties imposed on an agent choosing an action different from that
prescribed by the contract. This effectively makes the contract enforceable. In
summary, a contract specifies a set of possible actions that can be undertaken,
some stage of communication between the two players in which they coordinate
on a certain course of actions, and finally the implication of executing different
actions, The purpose of the analysis is to characterize allocations that result
under various assumptions regarding the commitment possibilities available to

the two players when executing a contract.
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2.1 Complete commitment contracts

Before introducing renegotiation, it is useful to review the bench mark case in
which both players can commit to honor the terms of a contract and therefore
cannot renegotiate it under any circumstances,2 A contract is said to be a com-
plete commitment contract if it is supported along the equilibrium path of the
following game called the commitment game. Renegotiation will later be intro-
duced through modifications of this basic game.

L. In the first stage, player 1 proposes a contract ¢ to player 2;

2. In the second stage, player 2 accepts or rejects the contract offer. If it is

rejected, the game ends and both players receive their reservation utility;

3. In the third stage (if reached), player 1 observes the state of nature (her type)
t;

4. In the fourth stage, the contract is carried out, that is, player 1 selects an
element sy € m(cp), and then both players choose their actions as prescribed

by the element m(c).

This commitment game has two important features. First, the environment
we have chosen is one of hidden information: the contract is signed with the
two agents having the same information structure, but it is carried out Jjust after
player 1 has privately observed the state of nature. Later, we will discuss how
the case of pre-contractual private information (adverse selection) can be handled.
Second, once a contract cg has been chosen, there is no possibility of modifying
it.

The strategy of player 1 is represented by a tuple o, = {5, 50(co.t)}, where &
is an initial contract offer and 50(-) represents player 1's decision rule regarding
the choice of an element in m(co). The decision by player 1 not to make an offer

is denoted by . The strategy of player 2, o, is represented by the function

2For a more thorough introduction to this class of problems, see Hart (1983). Note, however,
that our setup is slightly different than that examined by Hart since we allow for the state of nature

to affect both players’ preferences, that is, we examine the case of common values.



do(co) € {0,1} which represents the decision rule concerning the acceptance or
rejection of the initial contract offer with do{co) = 1 if the contract co is accepted
and 0 otherwise.

Given this game, a Perfect Bagyesian Equilibrium (PBE) is a pair of strategies
o, and oy that are best replies to one another given beliefs in every contingency
in which agents are forced to make a choice, and a pair of beliefs that are updated

using Bayes rule whenever possible.3

The following proposition provides a characterization of equilibrium allocations
of the commitment game. In the proof of the proposition, we give the equilibrium
contract as well as strategies and beliefs that support a characterized allocation
as a PBE outcome.

?roposition 1 An allocation, p° = {pf, #3:---» p5}, is an equilibrium allocation
of the commitment game if and only if it is a solution to the following mazimiza-
tion problem.
T
max Y. po(t)U (k1)
{pehimy t=1
oI T
s/t (1) Ypo(®)V (wit) 2 leo(t)V(G»t) (M
t==1 te=

(i) Ulps,t) 2 Ulpe,t) VEE' €T

Proposition 1 states the equivalence between equilibrium allocations and the
solutions to a well-defined maximization problem.’ The equilibrium characteri-
zation corresponds to player 1’s preferred allocation among the set of allocations
satisfying her incentive-compatibility constraints (it) and player 2s participation
constraint (i). An important property of the allocation p¢ is that it is interim
officient, that is, no other allocation can increase the utility of one type of player

1 without decreasing the utility of another type or player 2 and/or violating the

35ee Fudenberg and Tirole (1991) for a precise definition of a Perfect Bayesian Equilibrium.

4 At proofs are provided in the Appendix.
5{nder our assumptions the constraint set is closed and therefore there exists a solution to this

maximization problem.



incentive-compatibility constraints.$

When the two players can commit to the terms of the contract, the equilibrium
contract results in an interim-efficient allocation. In general interim-efficient al-
locations are not ex post efficient since they involve carrying out pairs of actions
that are Pareto dominated conditional on the state of nature.” This can easily
seen from the following first-order condition associated with maximization (1).

{po(t) + Tuse v(t, ) }U,, (S, t) — Teav(t, )Ua, (1, t') _ Vo (uit)
{Po() + Zese v (8, 4) }ay (15, 1) — T 1 (¢, ) Uny (5, ) Ve (6, 1)
In the above first-order condition, 7(t',t) is the multiplier associated with the

incentive compatibility constraint stating that in state t’ player 1 must prefer the
allocation p to the allocation #;. In most interesting applications, at least one
multiplier v will be different from zero and the ex post efficient condition will not

be satisfied for at least one state.

As the above argument illustrates, equilibrium allocations of the commitment
game generally prescribe ex post distortions as a result of the self-selection con-
straints. The allocative role of contracts is therefore impeded by its role as a
vehicle for transmitting information. The presence of these distortions suggests
that parties may want to renegotiate the contract to attain a mutually preferred
allocation once the private information has been revealed. Therefore the pre-
diction that the allocation u° describes the behavior of players in a contracting
relationship is only valid if the environment allows players to commit never to
renegotiate a contract once it is signed. This is a fairly strong requirement and
therefore it seems relevant to also determine allocations that are likely to arise

when such commitment is not possible and players cannot prevent renegotiations.

In relation to our commitment game, there are two potential instances at which
players may want to renegotiate a contract. First, the simple arrival of informa-
tion may create some opportunity for renegotiation. Players may therefore want
to renegotiate immediately after player 1 has observed the state of nature but
before she chooses which element of the menu she is to take. In this case renego-

See Holmstrém and Myerson (1983) or Maskin and Tirole (1992) for a precise definition of

interim (incentive) efficiency.

4 < : i . : i Yaylue ) Va ()
An action-pair g, is ex post efficient in state t if m = 4*&";;(%0'
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tiation would occur after stage 3 but before stage 4. Second, the actual selection
by player 1 of an elernent in the menu of the outstanding contract may also create
some opportunity for renegotiation. In this case players would renegotiate after
player 1 has selected an element from the menu but before the actions are actually
executed, namely after stage 4 but before stage 5. The first type of renegotiation
will be referred to as interim renegotiation, while we call the second type ex post
renegotiation. The following two subsections study the implications of each of

these two potential occurrences of renegotiation.

2.2 Interim renegotiation-proof contracts

Suppose the two players have signed a contract co- As shown above, this contract
generally prescribes ex post distortions to resolve ex ante incentives; however,
once player 1 has privately observed the state of nature, ex ante incentives are
no longer relevant and the two players may wish to eliminate ex post distortions
to improve their utility conditional on the realization of the state of nature.
Therefore, if the two players are not committed to the initial contract they may

renegotiate it.

Interim renegotiation-proof contracts are characterized as contracts that can
be supported along the equilibrium path of the following game called the interim-
renegotiation game. Interim renegotiation is introduced by modifying our bench

mark game as follows.

1. In the first stage, player 1 proposes a contract ¢g to player 2;

2 In the second stage, player 2 accepts or rejects the contract offer. If it is

rejected, the game ends and both players receive their reservation utility;
3. In the third stage (if reached), player 1 observes the state of nature ¢;
3.1 In stage 3.1, player i proposes a contract ¢; to player j;

3.2 In stage 3.2, player j accepts or rejects the contract offer. If it is rejected,
the contract cg is the outstanding contract; if it is accepted, the contract ¢;

becomes the outstanding contract;



4. In the fourth stage, the outstanding contract ¢ is carried out, that is, player
1 selects an element s € m(c), and then both players choose their actions as

prescribed by the element m(c).

We refer to this new game as the interim-renegotiation game. This game has
two important aspects. First, it allows for either player to make the renegotiation
offer. We will study in turn the cases in which either player 1 or player 2 is
making the renegotiation offer. Second, the interim-renegotiation game allows
for the possibility of renegotiation just after player 1 has privately observed the
state of nature. Therefore, regardless of the identity of the player offering the

renegotiation, it takes place under asymmetric information.

In the case in which player 1 makes the renegotiation offer, the strategy of
player 1 is Q; = {&, ¢;(co, t), §(co, c1, d1,t)}, where ¢ is the initial contract offer,
¢1(+) is her decision rule regarding the renegotiation offer, and 5(-) has the same
interpretation as in the commitment game but is contingent on the complete
history of the game; the strategy of player 2 is Q= {Jo(co), Jx(Co, c])}, where d, ()
is his decision rule concerning his acceptance decision of player 1’s renegotiation
proposal, and d];(-) has the same interpretation as in the commitment game but
is contingent on the complete history of the game. When player 2 makes the
renegotiation offer, the strategy of player 1 is Q= {éo, Jg(co, c2,t), 8(cg, 2, da, t)},
where d}() is her decision rule concerning her acceptance decision of player 2’s
renegotiation proposal; the strategy of player 2 is )y = {cio(co).ﬁz(co)}, where
¢2(+) is his decision rule regarding the renegotiation offer.

If player 1 makes the renegotiation offer, the beliefs of player 2 are updated
after stage 3.1 and are denoted p2(tleo, ¢1). If player 2 makes the renegotiation

offer, the beliefs of player 2 remain constant throughout the game.

To characterize equilibrium allocations that arise when interim renegotiation is
possible, it is unfortunately not interesting or appropriate to simply characterize
the whole set of equilibrium allocations of the interim-renegotiation game. For
example, any equilibrium allocation of the commitment game supported by a con-
tract ¢ can be supported as an equilibrium allocation of the interim-renegotiation

game when player 1 makes the renegotiation offer as follows: (a) player 1 initially
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offers a contract co which specifies the trivial null menu (m(co) = {(0,0)}), (b)
the contract is accepted by player 2, (c) player 1 then proposes a renegotiation
consisting of the contract ¢; = ¢, (d) the proposed renegotiation is again ac-
cepted by player 2. In this example, renegotiation has no effect on equilibrium
allocations since players use the last period of the game to effectively commit
to ex post distortions as they do in the commitment case. Therefore, in order
to characterize allocations that are robust to renegotiation, it is desirable to re-
strict attention to the set of equilibrium aliocations that can be supported by
equilibrium strategies that do not involve any renegotiation. Such a selection
of equilibria assures that the last stage of the game is not used arbitrarily to
support ex post distortions. This “equilibrium selection” approach to examining
the implications of renegotiation is similar to Holmstrom and Myerson’s (1983)
work on durable mechanisms.? Allocations that are robust to the introduction
of interim renegotiation are called interim-renegotiation-proof and are defined as

follows.

Definition 2

o An equilibrium allocation ui s I1-renegotiation-proof if (1) it is an equilib-
rium allocation of the interim-renegotiation game in which it is player 1 that
proposes the renegotiation in stage 3.1 and (2) it can be supported by strate-
gies where player 1 makes no attempt to renegotiate the initial contract along

the equilibrium path.

o An equilibrium allocation py is I2-renegotiation-proof if (1) it is an equilib-
rium allocation of the interim-renegotiation game in which it is player 2 that
proposes the renegotiation in stage 3.1 and (2) it can be supported by strate-
gies where player 2 makes no attempt to renegotiate the initial contract along

the equilibrium path.

This definition asserts that an allocation p! is Ti-renegotiation-proof if it can

8This approach can be seen as a simple alternative to formally modeling the renegotiation process
as an infinite game in which there is never a last stage that can be used to commit not to renegotiate.
At the end of this section we discuss more at length the parallel between our proposed approach

and that of an infinite game.
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be supported by a contract ¢ where m(cr) = {pf{}il, with ¢{” being offered
and accepted in stages 1 and 2 respectively, and not being renegotiated in stage
3. Hence for any Ii-renegotiation-proof allocation, there must exist equilibrium
strategies and beliefs for the interim-renegotiation game such that, when its sup-
porting contract ¢! is offered and accepted in stages 1 and 2, players will not
renegotiate it even though it is possible to do so in stage 3.1. This definition
eliminates as interim-renegotiation-proof allocations those that can only be ob-
tained by being offered in the renegotiation stage 3.1 following the trivial contract

offer in stage 1.

Note that this definition includes two types of interim-renegotiation-proofness
since allocations satisfying this property may potentially depend on the identity
of the player allowed to make the renegotiation offer. The following proposi-
tion characterizes the equilibrium interim-renegotiation-proof allocations of the
interim-renegotiation game for the cases in which player 1 or player 2 is making

the renegotiation offer.

Proposition 2 Regardless of the identity of the player making the renegotiation
offer in stage 3.1, an allocation 1l is an equilibrium Ii-renegotiation-proof allo-

cation if and only if it is attainable with Sfull commitment.

Proposition 2 captures the main forces behind the results obtained by Holm-
strdm and Myerson (1983), Dewatripont (1988), Maskin and Tirole (1992), and
Nosal (1991), that is, the possibility of interim renegotiation does not affect equi-
librium allocations. In fact, these authors have shown, using slightly different ap-
proaches, that interim-renegotiation-proof allocations are interim efficient. Since
interim-efficient allocations are those chosen in the absence of renegotiation, it
follows that interim renegotiation does not affect the set of allocations that are

chosen.?

®The basic idea behind this result was first uncovered by Milgrom and Stokey (1982). We thank

Michael Peters for pointing this out.
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2.3 Ex post renegotiation-proof contracts

In the last section we showed that allowing for players to renegotiate a contract
before player 1 chooses an item in the menu of the outstanding contract has
no effect on the equilibrium allocations. Hence, despite interim renegotiation,
equilibrium allocations still exhibit some distortions. This type of renegotiation
assumes that players are committed to execute the action prescribed by player
1’s choice in the menu; however, the possibility that players can renegotiate just
after player 1 has chosen an item in the menu can possibly change equilibrium
allocations. The next step is therefore to consider whether allowing players to
renegotiate after player 1 has communicated her choice to player 2 has any effect

on equilibrium allocations.

As with interim renegotiation, the effect of ex post renegotiation can be assessed
by introducing an appropriate modification of the commitment game. We now
describe the ex post-renegotiation game.

1. In the first stage, player 1 proposes a contract co to player 2;

9. In the second stage, player 2 accepts or rejects the contract offer. If it is

rejected, the game ends and both players receive their reservation utility;
3. In the third stage (if reached), player 1 observes the state of nature t;

4. In the fourth stage, the contract cp is carried out, that is, player 1 selects an

element sy € m(co);
4.1 In stage 4.1, player i proposes a contract ¢; to player j;

4.2 In stage 4.2, player j accepts or rejects the contract offer. If it is rejected,

the contract cp remains the outstanding contract;

4.3 If ¢; is accepted, it becomes the outstanding contract and player 1 selects an
element s; € m(c;), and then both players choose their actions as prescribed

by the element m(c:).

As with the interim-renegotiation game, the ex post-renegotiation game allows

for either player to make the renegotiation offer and we shall study the two cases

12



in turn; also, renegotiation is taking place under asymmetric information as player
1 has privately observed the state of nature before the renegotiation offer. There
is, however, a major difference between the interim-renegotiation game and the
ex post-renegotiation game and it is related to the status quo position following
the rejection of a renegotiation. In the latter game, the informed player can take
a costly action (a choice from a menu restricting her choice set) which can be
used to signal her private information before she offers to renegotiate or responds
to an offer to renegotiate. With interim renegotiation, the offer to renegotiate is

simply cheap talk.

In the case in which player 1 makes the renegotiation offer, the strategy of player
1is @; = {&, 5o(co, t), &1{ca, 30, t), §;(co, 80,¢1,t)}, where & is the initial contract
offer, ¢,(-) is her decision rule regarding the renegotiation offer, and 3o(-) and &(-)
are her decision rules concerning her choice in the menu of ¢y and c; respectively;
the strategy of player 2 is by = {(io(co),ci,(co, 30, c,)}, where J;() is his decision
rule concerning his acceptance decision of player 1's renegotiation proposal, and
d~o(') has the same interpretation as in the commitment game but are contingent
on the complete history of the game. When player 2 makes the renegotiation
offer, the strategy of player 1 is &, = {éo, So{co, t),d.g(co, S0, €2, t), 32(co, so,¢:2,t)},
where Jg() is her decision rule concerning her acceptance decision of player 2's
renegotiation proposal; the strategy of player 2 is &, = {Jg(co), é(co, so)}, where

&(+) is his decision rule regarding the renegotiation offer.

If player 1 makes the renegotiation offer, the beliefs of player 2 are updated after
stage 4.1 and are denoted pa(tlco, sp, ¢1). If player 2 makes the renegotiation offer,
the beliefs of player 2 are updated after he observes player 1’s choice sp € m{cp)

in stage 4 and are denoted by p2(t|co, s9).

Once again, the full effect of ex post renegotiation cannot be properly under-
stood by only looking at the equilibrium allocations of the ex post-renegotiation
game. As with interim renegotiation, players can. always use the last stage of
offers to commit to ex post inefficiencies that would potentially be renegotiated
away if another round of renegotiation was allowed. Therefore, we restrict atten-

tion to equilibrium allocations that are ex post-renegotiation-proof in that they
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can be supported by a contract that is offered in stage 1 and not renegotiated

along the equilibrium path in stage

Definition 3

4.1.

o An equilibrium allocation 4" is P1-renegotiation-proof if (1) it is an equilib-

rium allocation of the ez post-renegotiation game where it is player 1 that

proposes the renegotiation at stage 4.1, (2) the renegotiation offer consists of

a contract whose menu has a single element, and (3) it can be supported by

strategies where player 1 does not attempt to renegotiate the initial contract

along the equilibrium path.

o An equilibrium allocation pl is P2-renegotiation-proof if (1) it is an equilib-

rium allocation of the ex post-renegotiation game where it is player 2 that

proposes the renegotiation at stage 4.1 and (2) it can be supported by strate-

gies where player 2 does not attempt to renegotiate the initial contract along

‘the equilibrium path.

This definition asserts that an allocation pf" is Pi-renegotiation-proof if it can

be supported by equilibrium strategies where a contract " (with m(&7) = {pl };r: ))

is offered and accepted in stages 1 and 2 respectively, and where it is not renego-

tiated in stage 4.1. Hence for any Pi-renegotiation-proof allocation, there must

exist equilibrium strategies and beliefs for the ex post-renegotiation game such

that, when its supporting contract " is offered and accepted in stages 1 and 2,

players will not renegotiate it even though it is possible to do so.

The definition of P 1-renegotiation-proofness includes the additional provision

that player 1 be restricted to only offer contracts whose menu consists of a single

element. This is necessary to guarantee existence of P1-renegotiation-proof allo-

cations. At the end of this section we motivate this assumption by showing how

the definition of P1-renegotiation-proofness is equivalent to modeling an infinite

renegotiation game where a menu of contracts can be offered at each stage.

There are two concepts of ex post-renegotiation—proofness since allocations sat-

isfying this property may potentially depend on the identity of the player allowed
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to make the renegotiation offer. Propositions 3 and 4 give necessary and suffi-
cient conditions respectively for Pl-renegotiation-proofness while Proposition 5

does the same for P2-renegotiation-proofness.

Proposition 3 An equilibrium Pl -renegotiation-proof allocation, u®", must sat-

1sfy the following conditions.

T T
@ Z;Po(t)v(#’f:,t) > leo(t)V(O, t)
ta= t=
(i) U(ult,t) > max {U(u,t) s/t V(u,t") > V(ule,t") vt'e T} VeteT

Proposition 3 provides a set of hecessary conditions for an allocation to be P1-
renegotiation-proof. In Proposition 4 we characterize one such allocation as an
equilibrium allocation of the ex post-renegotiation game, namely the allocation
that yields player 1 the highest expected utility.

Proposition 4 If an allocation kY is a solution to the following mazimization

problem then it is an equilibrium P1-renegotiation-proof allocation.

max ilpo(t)U(ﬂu, t)

{Bulyy t=
s/t (i) épo(t)V(ule,t)z:Z;po(t)V(o,t> )

(i) Uuy,t) > max {U(u,t) s/t V(u,t") > Ve, t") Vt'eT} ViteT

The set of constraints (ii) in Propositions 3 and 4 clearly illustrates the ef-
fect of ex post renegotiation on the equilibrium contract. These constraints are
more stringent than the usual incentive-compatibility constraints and therefore
they represent generalized incentive-compatibility constraints that incorporate
the possibility of ex post renegotiation. The set of constraints in the rmaximiza-
tion problem of each constraint (ii) implies that, given a status quo position p,,,
player 2 will only accept those renegotiation offers that increase his utility regard-
less of his beliefs. Suppose constraint (ii) is satisfied at a status quo position u,,.
For any offer that player 1 prefers to yuy,, there exists a belief for player 2 such

that he is worse off under the new offer than under the status quo position. When



assigned with this belief, player 2 simply rejects the offer of player 1. The renego-
tiation offers satisfying the constraint set (ii) are referred to as “surely-acceptable
renegotiations.” With this interpretation, the constraints (ii) state that it cannot
be possible for any type ¢ to increase her utility by selecting the equilibrium el-
ement of any type t’ and then offering a surely-acceptable renegotiation. It is in
this sense that the constraints (ii) represent generalized incentive-compatibility
constraints.!? Therefore ex post renegotiation, as opposed to interim renegoti-
ation, generally affects the equilibrium allocations and therefore reduces player
1’s expected utility. However, ex post distortions can still arise in the pres-
ence of ex post renegotiation when it is the informed player that proposes the

renegotiation. u

Before analyzing the case of P2-renegotiation-proofness, we would like to com-
pare the above results with results that have obtained when formally modeling
the renegotiation process as an infinite game. Beaudry and Poitevin (1993) study
a contracting model with adverse selection. The renegotiation process is an infi-
nite repetition of stages 4.1 to 4.3 of the ex post-renegotiation game. The game
basically ends when a renegotiation offer is rejected by player 2. It is shown
that the effects of renegotiation are captured entirely by the constraints (ii) of
Proposition 3 in the sense that all individually-rational allocations that satisfy
these constraints can be supported as PBE outcomes of the infinite-renegotiation
game. The basic intuition for this result is that it is not rational for player 2 to
reject a renegotiation offer that increases his utility with respect to the status quo
outcome regardless of his beliefs. Hence constraints (ii) of Proposition 3 must be
satisfied. Therefore the approach we have adopted in this article yields similar
results as that of an infinite-renegotiation game.

We can now explain more at length why, to guarantee existence, the defini-
tion of P1-renegotiation-proofness must restrict player 1's renegotiation contract

offer to consist of a single element. Consider a two state example in which a

10Note that, under our assumptions, the constraint set of the maximization problem (2) is closed

and therefore existence of P 1-renegotiation-proof allocations is guaranteed.
111p the special case of private values, that is when player 2's preferences are independent of £, it

can easily be seen from constraint (i) that P I-renegotiation-proofness implies ex post efficiency.
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candidate equilibrium allocation u* is ex post efficient for the two states and
satisfies constraints (i) and (ii) of Proposition 3. For some preference config-
urations, it is the case that (1) state 1’s outcome, #1; is not ex post efficient
conditional on state 2, that is, gf% # %:—E%—;, (2) there exists an outcome /i
such that U(3,2) > Up},2), V(i 2) > V(u1,2), and U(i, 1) < U(pi, 1). Sup-
pose that player 1 selects the element 7 of the initial contract and that she
follows with offering a contract G withm(é) = {4} Itis a weakly dominant
strategy for player 2 to accept this offer since he cannot lose regardless of his
beliefs and he strictly gains for all beliefs putting a positive weight on state 2.
Player 2 then accepts this offer with the consequence that the allocation u* is
not Pl-renegotiation«proof. A similar argument could be applied to all candidate
Pl-renegotiation-proof allocations and thus there would not exist any. But this
argurmnent is only valid in a finite game. In an infinite game, accepting the con-
tract ¢; may not be a weakly dominant strategy for player 2 since his payoff from
doing so depends on the resolution of the future stages of the game. This problem
disappears if player 1 is restricted to offer a contract whose menu consists of a
single element. In the example above, any contract vielding the outcome ft can
be rejected on the beliefs that it was offered by a type 1.!2 This motivates our
assumption regarding the contracts that constitute a valid renegotiation offer by

player 1.

We now turn to the analysis of P2-renegotiation-proofness.

Proposition 5 An allocation kY is an equilibrium P2-renegotiation-proof allo-
cation if and only if it is the solution to the following mazimization problem.

T
max 3" po(t)U (g, t)

), 5

T T
s/t (i) }:Po(t)v(l‘m»t)EZPo(t)V(OJ) (3)
=1 t=}

() Ulpaet) 2 Ulpge,t) Vi eT
(i) 3 po(r)V(uze 1) 2

T€B(uz}

Ulpr, ') 2 Ulpg, 1YY € T
max 3 po(r)V(uy, 1) st LU t) 2 Ul t) TG) |y, g
{uv}rn(»m)ﬁm,‘,,; Hpeg, 1) > e, 1)V T, 7 € T (pear)

"“Note that V(i 1) < V(g 1) since " satisfies constraints (ii) of Proposition 3.
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where T (u2) = {r € T |pg = argmaxy, a7 Udjiop, T)}

The important element in Proposition 5 is the set of constraints (iii) which
captures the effects of ex post renegotiation by player 2.13 These constraints
imply that, conditional on the information revealed by the choice of an element
in the menu of the initial contract offer, player 2 cannot increase its expected
utility without reducing the utility of one type of player 1 in the support of his
revised beliefs."* In particular, these constraints state that separating allocations
must be ex post efficient to be P2-renegotiation-proof, that is, any state that is
uniquely identified in equilibrium must correspond to an outcome that is ex post
efficient. We should note that renegotiation lead by the uninformed agent can
result in an allocation that fails to separate the different types, that is, a pooling
allocation. This will be the case if no ex post efficient allocation is incentive

compatible.'®

We know from the commitment case that separation with ex post distortions
generally characterizes optimal contracts, and therefore it is clear that ex post
renegotiation by the uninformed party can reduce the ex ante potential gains from
trade. The reason for why ex post renegotiation lead by the uninformed player
imposes efficiency on separating outcomes is that there is nothing that stops
player 2 in stage 4.1 from offering an efficient solution once a state is identified.
In contrast, when the ex post renegotiation is lead by the informed player, it is still
possible that a separating allocation be ex post inefficient. In this case player 1
cannot try to renegotiate to an efficient outcome knowing that any such offer
would be interpreted as signal of a different state of nature and would therefore
be rejected. It is especially important to note that the payoffs obtained by player
1 in maximization (2) and (3) cannot be ranked, that is, the constraints under

(2) and (3) are not subsets of each other.

BForges (1990) gives a definition of ex post-renegotiation-proofness that is similar to P2-

renegotiation-proofness.
14{nder our assumptions the constraint set is closed and therefore there exists a solution to this

maximization problem.
1514 is also worth noting that in the case of private values, P2-renegotiation-proof allocations are

always separating and therefore ex post efficient.
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There is another difference between ex post renegotiation initiated by player
1 and that initiated by player 2. When player 1 makes the renegotiation offer
the solution to the maximization (2) need not obtain; however when player 2
makes the renegotiation offer the solution to the maximization (3) is necessary.
The reason for this difference depends on the outcome of the renegotiation stage.
Suppose the contract associated with the maximizing allocation is offered and
accepted (for either maximization problem). In either case, in the equilibrium of
the renegotiation stage, player 1’s utility cannot be lower than that associated
with the maximizing allocation since she can always select the outcome she prefers
and not renegotiate or reject renegotiation offers from player 2. This is not always
the case for player 2. Suppose that player 1 is making the renegotiation offer.
She then collects all the rents associated with the renegotiation. Consequently,
there are equilibria of the renegotiation stage that confer player 2 less utility than
that associated with the maximizing allocation. These equilibria can be used to
support allocations that are different from #). Suppose now that player 2 is
making the renegotiation offer. Then, as shown in the proof of Proposition 5, the
incentive-compatibility of the maximizing allocation guarantees that player 2 who
collects all the rents from the renegotiation offer cannot lose in the renegotiation
stage regardless of the ensuing equilibrium. In that case, the allocation pf is

always offered and accepted in equilibrium.

In summary, Propositions 2 to 5 demonstrate how renegotiation can affect equi-
librium allocations in hidden information environment. There are three results
of this analysis that we believe are especially relevant. First, the nature of the
renegotiation process matters for describing renegotiation-proof allocations, that
is, there is no unique notion of renegotiation-proofness: the restrictions imposed
by renegotiation depend on both the timing of renegotiation and the identity
of the proposer. Renegotiation-proofness is therefore a property of processes
rather than a property of allocations (like incentive compatibility is). The game-
theoretic methods described in this paper show how to translate the effects of
the renegotiation process into an additional set of constraints on the contract.
Second, allowing for contracts to be renegotiated does not in general imply that

outcomes will be ex post efficient. In fact it is only when renegotiation is lead by

19



the uninformed player after a specific action-pair has been agreed upon that ex
post efficiency is generally expected. Finally, the distinction between the interim
and ex post cases illustrates that renegotiation is not a consequence of the arrival
of new information. That new information is perfectly anticipated in a proba-
bilistic sense and contracted away by both parties. Rather renegotiation occurs
because only part of the contract can be implemented at one time. Once a part
of the contract has been fulfilled, it is impossible for the contracting parties not

to let bygones be bygones.

It is worth mentioning that the current analysis of renegotiation can easily be
extended to the cases of adverse selection and moral hazard. The different defini-
tions of renegotiation-proofness involve restrictions on the equilibrium strategies
played in the renegotiation stage given an initial contract offer. These definitions
are only contingent on the contract initially offered and not on the information

structure under which it was offered.

The adverse-selection equivalence to our interim-renegotiation game has been
examined by Maskin and Tirole (1992) in their analysis of informed-principal
problems. The only difference with our game is that player 1 knows the state
of nature before offering the initial contract in stage 1, that is, stage 3 becomes
stage 0, and player 1 makes the renegotiation offer. They show that interim-
renegotiation-proof allocations of this modified game are interim efficient. This

result is the analog to Proposition 2 in the hidden-information framework.

In the simplest moral hazard problem, the information problem consists of an
unobservable action that affects a random outcome. Suppose now that player 1
chooses the level of the unobserved action, known as effort, in stage 3 and that the
two players could renegotiate the contract before the realization of the random
outcome. At the time of renegotiation, the effort of player 1 is not observed by
player 2 and therefore renegotiation takes place under asymmetric information.
In this case the analysis of renegotiation in the moral-hazard case is similar to
the cases we previously examined since player 1’s effort level can be interpreted
as the state of nature or her type. This problem has been formally analyzed by
Fudenberg and Tirole (1990).
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We conclude this section by comparing our analysis of renegotiation in a static
environment with that in dynamic environments. As we mentioned in the intro-
duction, much of the literature on renegotiation, for example, Hart and Tirole
(1988), Laffont and Tirole (1990), and Dewatripont (1989}, has been concerned
with the effect of renegotiation in multi-period environments. The starting point
of this literature was the observation that optimal long-term contracts are in gen-
eral time inconsistent. This observation implies that optimal long-term contracts
are reasonable only in environments in which both players can commit not to

renegotiate the contract in between periods.

Most of the renegotiation literature that examines multi-period problems has
limited itself to cases where it is the uninformed player that proposes the rene-
gotiations. The concept of renegotiation-proofness used in this literature is a
hybrid between our concept of interim and ex post-renegotiation-proofness since
the complete contract is a menu of sub-menus. In each period, player 1 first
chooses a sub-menu within a larger menu, then the possibility of renegotiation
arises in the form of offering sub-menus and finally player 1 chooses a particular
action vector to undertake for the current period. Therefore, in this setup two
forces are at play: in each period the renegotiation looks like the interim rene-
gotiation game but the overall renegotiation game has some aspects of ex post

renegotiation since certain sub-menus are chosen before renegotiation occurs.

Up to now, we have examined how renegotiation affects outcomes within differ-
ent contractual environments. One of the results that we have emphasized is that
there is no general notion of renegotiation-proofness and instead that the effects
of renegotiation can only be assessed within the context of a precise renegotiation
process. Such a result may seem disheartening since it suggests that the theory
lacks a strong positive content. However, in the next section we argue that rene-
gotiation theory offers important insights into the theory of organizations exactly

because different renegotiation processes have different implications.
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3 Renegotiation as an element towards a theory of trading

institutions

In market economies, the exchange of goods and services can take place either
within firms or between firms. A firm has often been described as an inter-
nal market, while Walrasian or external markets describe the trading place for
different firms. Economists have always been preoccupied by the differences be-
tween these trading institutions and early on, they realized that internal markets
were better designed to achieve the necessary coordination of different groups of
agents, that is, any trade on external markets can be replicated on internal mar-
kets. At this point two important questions were central to the preoccupations of
organizational theorists: first, if internal markets seem to dominate external mar-
kets, why do we observe such a great proportion of trade on external markets, or
equivalently, what are the limits to the size of internal markets (the firm)? And
second, if one examines more closely the functioning of internal markets, how
should decision making take place, that is, should decision making be centralized
or decentralized? These two questions are central to the understanding of trading
institutions in modern economies. A first answer to these questions is that, in
a world of perfect and costless information, institutions are a matter of indiffer-
ence: there is equivalence between internal and external markets. This suggests
that informational imperfections may be an important factor in understanding

the emergence and structure of trading institutions.

Recent developments in incentive theory has provided a framework for dis-
cussing the rationale for and the structure of trading institutions in the presence
of informational imperfections. In particular, contract theory has shown that
informational imperfections can create incentives for parties to coordinate activ-
ities through contracts that are richer (or more complex) than the standard spot
contract which specifies only a transfer payment for the exchange of one good
(as in a Walrasian market). In several situations, these richer contracts can be
associated with internal markets since they dictate rules of behavior, communi-
cation and compensation for a defined group of individuals. Therefore, contract

theory can be interpreted as predicting that a laissez-faire economy will develop
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an institutional structure that involves internal markets which are much more

complex and diversified than simple Walrasian (external) markets.

Even though standard contract theory has formally explained the emergence
of internal markets, in many dimensions, it remains a very incomplete theory of
institutions as it fails to answer the two central questions stated above, First,
contract theory confirms the intuition of early economists to the effect that trade
with informational imperfections can best be handled through internal markets
instead of external markets, but the theory does not provide any limits regarding
the size or field of activity of firms. Second, contract theory has no predictive
power regarding the structure of decision making within internal markets, that
is, whether or not decisions are centralized or decentralized. In effect, the reve-
lation principle shows that any decentralized structure can always be replicated
by an appropriate centralized structure, that is, centralizing all information and

decisions is regarded as always being an optimal organizational structure.

In this section, we use the results of the previous section to indicate how the
introduction of renegotiation into standard contract theory can shed some light on
the two central questions about the rationale for and structure of institutions. Our
discussion will be rather informal and is meant mainly to suggest how the theory of
renegotiation can be used to improve our understanding of institutional design. A
thorough formalization of the link between renegotiation and institutional design

is the subject of our on-going research.

Our analysis of institutions will be broken down into two sub-sections. First,
we will study the functioning of internal markets when there are informational
imperfections and renegotiation is possible. We will show that, because of renego-
tiation, a decentralized decision-making process may dominate a more centralized
structure. Second, we will use these results to study the scope of internal markets.
We will also consider situations where, because of renegotiation, informational im-
perfections may best be handled by external markets instead of internal markets.
In both cases, we will argue that the preferred trading institution can be viewed
as a means of avoiding certain types of renegotiation. Taken together, these two

cases highlight how the theory of renegotiation can be used to advance contract
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theory as a theory of trading institutions.

3.1 Decision making in internal markets: centralization versus decen-

tralization

There is a wide spread belief that organizations (firms) often gain by delegating
decisions instead of centralizing them; however, as mentioned above, standard
contract theory does not offer any support to this view. For example, Myerson’s
(1979) proof of the revelation principle shows that for any decentralized structure
there exists a centralization scheme that results in the same outcome. Therefore,
within the framework of contract theory, one must invoke something like trans-
action costs as the reason behind the common use of delegation. However, the
transaction costs explanation is in itself not completely satisfactory since it is
not very precise as to the nature of these costs and therefore it offers only lim-
ited predictions about when delegation is going to dominate centralization. In
this subsection we argue that, because renegotiation can undo ex ante incentives,
adopting & decentralized decision-making process may be viewed as an optimal
commitment to ex ante desirable distortions even in environments where trans-

action costs alone would suggest centralization.

In order to discuss the issue of delegation, it is helpful to reinterpret the en-
vironment presented in Section 9. Assumie that player i is producing action a;
and that action ey is the production level of a good or service, and action ag is a
transfer payment from player 2 to player 1. Therefore, in this example, player 1
is a producer (employee) and player 2 is the buyer (employer). Because the state
of nature affects the utility of both players and it is only observed by player 1,
there are potential benefits for both players to coordinate their respective actions
through some set of rules. The type of rules that will govern the relationship is

influenced by the organizational structure.

An organizational structure that coordinates these actions can be called cen-
tralized if player 2 has control over action a; and player 1 is required to transmit
her private information, either directly or indirectly, to player 2 before he makes

a decision on the level of action a; to be produced. Such a structure is justifiably
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considered as centralized since it does not delegate authority over decisions to
the agent that gathers the relevant information. Alternatively, an organizational
structure can be called decentralized if control over action a; is relinquished from
player 2 to player 1 so that player 1 can directly choose the appropriate action

level based on her private information.

For the purpose of this example, we assume that, initially, player 2 has control
over action a; but can delegate his control to player 1 at a cost of ¢ € R, that is,
after paying a cost of ¢ player 1 becomes in control of a;. The cost ¢ can therefore
be interpreted as a transaction cost associated with the delegation of control over
action a;. If ¢ > 0, then it is costly to delegate control over a, to player 1; if

¢ < 0, then it is costly to centralize control over a; to player 2.

The contract-theory approach to organizational design predicts that, in the
absence of renegotiation and transaction costs, a centralized organization always
weakly dominates a delegated structure. Therefore, if the transaction cost e is
positive, the theory predicts that the organizational structure should be central-
ized, while it should be decentralized if the transaction cost c is negative enough.
In the absence of renegotiation, transaction costs become an important determi-
nant of organizational structure. In contrast, we want to argue that the threat of
renegotiation can modify this result since delegating authority changes the scope
for renegotiation. To see this, it is necessary to compare the type of renegotia-
tion that can arise under a centralized or a decentralized structure and therefore
identify the links between these two organizational structures and the results of

Propositions 2-5.

In the case of centralization, the rules governing the relationship between play-
ers 1 and 2 need to specify (1) a menu of state-contingent action-pairs, (2) the
obligation by player 1, after having observed her private information, to send a
message to player 2 indicating which level of action a; {and hence the associated
transfer ag) should be chosen by player 2, and (3) the (large) penalties if the
prescribed action a; and transfer ay are not executed. These rules are equivalent
to the contract studied in the previous section. The message sent by player 1

conditions the choice of an action-pair and penalties are imposed if that precise



action-pair is not executed. In such an environment, as was emphasized in Section
2, once player 1 sends her message to player 2 there may be scope for renego-
tiation before the action is actually carried out. This type of renegotiation was
referred to as ex post renegotiation. Therefore, if renegotiation is a possibility, the
allocation that is likely to be implemented through a centralized structure should
satisfy Proposition 4 or § since they both describe the optimal allocation that
can be implemented through a contract that is ex post renegotiation—proof.m An
implication of these propositions is that ex post renegotiation usually precludes
players from achieving an interim-efficient allocation and therefore a centralized
organization faced with renegotiation will not be able to attain an information-

constrained Pareto optimum.

In the case of a decentralization, the rules governing the relationship are slightly
different. These rules need to specify (1) a menu of state-contingent action-pairs
and (2) the (large) penalties if none of the action-pairs in the menu is executed.
The distinguishing feature of a decentralized structure over a centralized structure
is that the delegation of control over action a; to player 1 means that there is no
longer the need for player 1 to communicate her private information about the
state of nature to player 2. Player 1 can then select one of the action-pair on the
basis of her private observation of the state of nature and the transfer payment
from player 2 to player 1 becomes a function of the level of action a; that player 1
has selected. Therefore penalties can only be imposed if none of the action-pairs
within the menu is carried out. This implies that even if player 1 sends a message
to player 2 indicating which action-pair she is going to select, this message is not
binding and penalties cannot be imposed if the particular action-pair indicated
by player 1 is not carried out. It is precisely the fact that messages from player
1 to player 2 do not bind the players to a course of actions that we take as

distinguishing a centralized structure from a decentralized structure.

This simple modification to the nature of the contractual relationship has im-
portant implications for the type of renegotiation that can arise. For example,

suppose that player 1, after observing the state of nature, sends a message to

16Note that the contract supporting the optimal ex post—renegotiation—pmof allocation is also

robust to ex ante renegotiation.
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player 2 indicating the action she plans to undertake and then tries to renegoti-
ate. Since the message sent by player 1 does not contractually bind the players to
a specific action-pair, renegotiation takes place with the status quo being player
I’s (yet to be chosen) preferred choice among the set of action-pairs in the menu
regardless of the message sent. Since this preferred choice is contingent upon
the privately observed state of nature, the strategic interaction during renegoti-
ation is closely related to the interim-renegotiation game of Section 2. In effect,
if interim-efficient allocations are characterized by one-to-one mappings between
action a; and types,'” then the choice of a; by player 1 replaces her message
to player 2 and is actually a method for him to commit to a particular element
within the menu.!® Therefore, in these cases, the optimal allocation that can be
supported with a decentralized structure are actually equivalent to the interim-
renegotiation-proof allocations described in Proposition 2, which were shown to

be interim efficient and thus information-constrained Pareto optima.

The above discussion indicates that different organizational structures may be
subject to different types of renegotiation. In particular, prescribed allocations in
a centralized organization are vulnerable to ex post renegotiation, while those in
a decentralized structure are only vulnerable to interim renegotiation. Since we
showed in Section 2 that interim renegotiation does not impose any restrictions
on the optimality of allocations (besides interim efficiency) while ex post renego-
tiation generally does, this observation on the interaction between organizational
structure and the potential for renegotiation offers new insights on the role of del-
egation of decision making. In effect, this interpretation of organizations suggests
that delegating decision power to the agent that gathers the relevant information
will dominate a centralized system whenever the costs of delegating ¢ are not too
large since it allows the players to avoid ex post renegotiation. Consequently,
even though the delegation of authority may involve certain costs, the theory of

renegotiation provides an explanation for why delegation may nevertheless be a

7See Melumad and Reichelstein (1987) for a discussion of the conditions under which this con-

figuration arises.
"%Note that any attempt to renegotiate after action a 1 has been chosen is useless since players

have strictly opposing preferences with respect to the transfor az. Hence this type of rencgotiation

does not change the efliciency properties of the allocation attained with a decentralized structure.
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preferred organizational structure.

There are similarities between the ideas presented in this section and that of
Milgrom’s (1988) notion of influence costs. Milgrom’s approach has a similar
flavor as ours: although influence activities differ from renegotiation, both ap-
proaches stress the costs of ex post communication in preventing optimal alloca-
tions from being attained. In both cases a decentralized organizational structure

helps to improve efficiency as it acts as a commitment towards eliminating ex
post communication.

Before examining a second implication of renegotiation, it is worth briefly dis-
cussing a limit to our current analysis. In particular, our result on the superiority
of decentralization over centralization is presented within the context of one-
sided asymmetric information; however, once both sides in a relationship obtain
relevant information, there are direct gains to centralizing information. Conse-
quently, with bilateral asymmetric information there emerges a trade-off between
centralization and decentralization: decentralization avoids renegotiation while
centralization permits a more efficient use of information. Understanding the
nature of this trade-off and deriving conditions where one form of organization

dominates the other seems to be a fruitful area for future research.

3.2 Internal versus external markets

The previous discussion indicates how the threat of renegotiation can influence
organizational design and in particular favor decentralization over centralization.
In this section we want to compare the allocations that arise when trading occurs
in internal markets and allocations issued of trading on external markets. We will
show that when a decentralized organization is not a feasible alternative, external
markets may be a preferred trading institution over internal markets. We present

this result as a potential explanation for the limited scope of institutions.'

In order to compare external markets to internal markets, it is necessary to first

19Dewatripont and Maskin (1989) in a financial market example and Dearden, Jckes and Samuel-
son (1990) in a problem of innovation adoption compare the relative efficiency of external markets

as opposed to internal markets.
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describe what we mean by the (external) market solution to a relationship with
informational imperfections. We have called the organizational (or contractual)
solution to our trading problem the situation where player 1, who knows that
she will eventually become privately informed, enters into a contract before her
private information is actually revealed. In contrast, we will call the market
solution the outcome that arises when player 1 does not immediately begin a
contractual relationship but instead: (1) waits until her information is revealed,
(2) decides on a level for a;, and (3) offers player 2 a trade between a; and a3. In
this case the rules governing the relationship between the two players is reduced
to a quid-pro-quo contract or what we call a market contract. The first thing to
note from our description of the market solution is that it corresponds exactly to a
signaling game. For example, if a, represents education, az, a wage payment and
t, the worker’s ability, then the market outcome for this situation is the solution
to the Spence (1973) education game. Consequently, we can characterize the

market solution by directly exploiting the results from the signaling literature.

The equilibrium allocation of a signaling game in general depends on the equi-
librium concept used. Although debates regarding the appropriate equilibrium
concept still abound, there exists a rather broad consensus that under our as-
sumptions it is reasonable to describe the outcome of a signaling game as that of
the “efficient” separating equilibrium.2’ Therefore, we will adopt this convention
and take as the market solution to our trading problem the allocation defined by

the following maximization.

max 3 o)1 ()
s/t () Viut) 2V(0,4) VieT ()

(i) U(uet) > Upp,t) Vet eT

The first thing to note about the market solution is that, in ex ante terms, it is
dominated by the full-commitment contract described in Proposition 1. This can
be seen by noting that player 2’s participation constraint needs to hold only in

expected terms in a contractual relationship, while it has to hold across each state

29See Cho and Kreps (1987) and Cho and Sobel (1988) for a discussion to this effect.
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in a market relationship. Therefore, in the absence of renegotiation possibilities,
player 1 will find in her interest to enter into a contractual relationship before her
information is revealed instead of waiting for the market outcome. In this sense,
standard contract theory can be interpreted as suggesting that informational
imperfections will best be handled by organizations instead of directly by the
market. Therefore, the main drawback of the market solution (as we have defined
it) is that it eliminates the risk-sharing possibilities associated with the full-

commitment contract by imposing ex post participation constraints.

Although the full-commitment contract generally dominates the market so-
lution, the superiority of the organization over the market may not hold once
renegotiation is introduced. In particular, consider the case where any feasible
organizational arrangement is subject to ex post renegotiation by the informed
agent, that is, suppose that the organization can never refrain the informed party
from renegotiating after a particular action-pair has been agreed to2! In this
situation, the organizational arrangement will only dominate the market if the
value of the maximization (2) is greater than the value of the maximization (4).
In general it is not possible to rank these two different organizational structures
since they each have certain advantages in terms of insurance. On the one hand,
the ex post—tenegotiation—proof organizational structure only requires that player
2's participation constraint be satisfied in expectation and thereby provides room
for explicit insurance although the effective incentive-compatibility constraints
are more stringent. On the other hand, the market solution can support more
distortions which can provide an implicit type of insurance even though explicit

cross-subsidization between states is impossible.

The comparison between the organizational and market arrangements implic-
itly assumes that the organization is vulnerable to ex post renegotiation while
no renegotiation occurs under the market arrangement. We would like to argue
that these assumptions arise quite naturally in many economic environments, and
therefore the comparison that we set up between an organizational arrangement

and the market is in fact relevant.

21We discuss below the relevance of this assumption.
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Consider the following modification to the trading framework we have set up so
far and assume that the implementation of the action a; takes time. For example,
the action ¢; may be an investment level in education that player 1 must make
before getting the transfer from player 2. Suppose now that the investment
period is partitioned into a large number of small discrete subperiods. In each
of these subperiods, players 1 and 2 may potentially renegotiate the outstanding

agreement.

In this framework, the organizational arrangement corresponds to the situation
in which (1) both players sign a contract, (2) player 1 privately observes the state
of nature, (3) she selects an element in the menu of the contract, (4) produces in
each subperiod until the desired level of a1 has been reached, and finally (5) trades
her production with player 2 in exchange for the contractually corresponding
transfer ap. Player 1 selects herself her preferred action-pair in the menu and
therefore this organizational arrangement corresponds to a decentralized structure
as described in the last section. Even though in many cases a decentralized
structure may not be vulnerable to ex post renegotiation for reasons explained
precedently, when the implementation of action o 1 takes time it may become so.
If player 2 can observe the productive activity of player 1 and if both players
can communicate in each subperiod, then a form of ex post renegotiation can

effectively occur in each subperiod.

It was argued that a decentralized arrangement was not vulnerable to ex post
renegotiation because at the time renegotiation was taking place the status quo
position was player 1’s (yet to be chosen) preferred allocation in the contractual
menu, and therefore this type of arrangement was vulnerable only to interim
renegotiation. When production takes time, this argument may no longer be
valid. When renegotiation occurs with some units having been produced, then the
status quo position is player 1's preferred allocation among those elements in the
menu that specify at least as many units as the number already produced. When
a large number of units have been produced, there may not be many elements
in the menu that remain attainable, and therefore the status quo position of
player 1 becomes much more precise. This type of dynamic renegotiation is

quite close to ex post renegotiation, and therefore time-consuming production
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may make a decentralized structure vulnerable to ex post renegotiation.?? The
above argument implies that in many interesting economic applications ex post
renegotiation may be a concern for different types of institutional arrangements

(centralized or decentralized).

In the same framework, the market arrangement corresponds to the situation
in which (1) player 1 privately observes the state of nature, (2) she produces
in each subperiod until the desired Jevel of a; has been reached, and finally 3)
trades her production with player 2 in exchange for a competitively determined
transfer ag. The market arrangement differs from the organizational arrangement
in that no contract is signed before or after player 1 observes the state of nature.
In fact, the expected competitive resolution of the game provides an implicit
contract for player 1. Now suppose that, in any subperiod, player 1 can decide
to stop production of a, indefinitely and bring the produced units to the market
in exchange for a transfer az. In some sense, this possibility allows player 1 to
renegotiate the implicit contract by bringing her units to the market before having
reached the level prescribed by the equilibrium. In this framework, Noldeke
and Van Damme (1990) have shown that the market solution is appropriately
described by the static market solution to problem (4). The intuition behind this
result is that when player 1 tries to renegotiate the implicit market contract the
status quo position is not dictated by a formally written contract but rather by
player 2’s best response to the renegotiation offer. This best response depends
on player 2's beliefs about the state of nature following player 1’s offer. For
example, if player 2 has pessimistic beliefs he will reject most renegotiation offers
until player 1 reaches her equilibrium level of a;. The dependency of the status

quo position on player 2's beliefs removes most incentives to renegotiate ex post.

This argument supports the assurnption that the market arrangement is not
vulnerable to renegotiation and therefore the comparison that we made above be-

tween trading on internal versus external markets is relevant for many interesting

22This case is examined in Beaudry and Poitevin (1991) where it is shown that the allocation
in this dynamic renegotiation problem is identical to the characterization provided here under ex

post-renegotiation-proofness.
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economic environments.?3

4 Conclusion

In this paper we have pursued two main goals. First, we have developed a frame-
work in which different renegotiation processes can be examined. The principal
advantage of this framework is that it clarifies several of the conflicting results
regarding the effects of renegotiation by emphasizing the difference between in-
terim and ex post renegotiation. Second, we have indicated why and where the
theory of renegotiation may be relevant for understanding economic relationships.
In particular we have indicated how the theory of renegotiation can provide in-
sights regarding the structure of institutions, the merits of decentralization and
the value of the market. However, we believe that the latter issue is still in its

infancy and deserves further attention.

“The comparison between dynamic renegotiation in external versus internal markets implies that
explicit contracts are far more vulnerable to rencgotiation than implicit contracts. This implication

follows from the position of their respective status quo.
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APPENDIX

Proof of Proposition 1 We will first show by contradiction that the equilibrium
allocation must be the solution to problem (1). Sufficiency will then be shown
by constructing strategies and beliefs that support this equilibrium allocation as
a PBE outcome of the game.

Let & represent a candidate equilibrium contract offer and let fi # p° be the
corresponding equilibrium allocation. Let us also assume that i is such that
£ po(t)U (fies t) < T, po(t)U (15, t)- Then by definition there must exist an

allocation ji that satisfies the following set of constraints:

£, po(t)U (s t) > T po(t)U (fies t)
ST, po(t)V (e t) > Ty po(t)V (0, t)
Ui t) > Uiie,t) ¥ t,t'eT

Given this allocation i, player 1 will always want to deviate by offering a contract
¢ with m(&) = fi since the only subgame equilibrium of the game induced by such
a deviation involves player 2 accepting the contract and player 1 choosing i, if
the state of nature is revealed to be . Consequently, an equilibrium allocation
must at least provide the level of utility to player 1 defined in the maximization.
Let us now assume that Ti_, po(t)U(dnt) > vT po(t)U (45, t). This inequality
implies that either condition (i) or condition (i) is not satisfied when evaluated
at fi. However, by a standard dominant strategy argument, this possibility can
be ruled out since this implies that player 2 would gain by simply refusing to play
the game or that player 1 would gain by simply choosing his preferred element
within the menu. Therefore, an equilibrium allocation must necessarily solve the

stated maximization.

The following strategies and beliefs support the equilibrium allocation as a
PBE outcome.
. o = ¢ with m(c®) = p°
o° =
So{co, t) = Brg MAXangm(e) U{a",t)
1 if £7,po(t)V (5olco.t).2) 2 L, po(t)V (0, 1)

0 otherwise

0§ = do(co) = {
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It is easy to verify that these strategies and beliefs do in fact constitute a PBE.
In stage 4, player 1 selects the element she prefers the most in the menu given
the outstanding contract cg. These strategies condition player 2’s acceptance
decision of the contract dy in stage 2: he only accepts contracts co satisfying his
participation constraint given the expected resolution of ¢, that is, given the
incentive constraints of player 1 and her choice 3o(c, t). In the first stage, player
1 offers her most preferred contract in the set of contracts that are acceptable to.
player 2. Along the equilibrium path we thus have that & = c° with m(c®) =
{65, ..., 15}, do(c?) = 1, and So(ct,t) = pf for all £, |

Proof of Proposition 2 We will first show by contradiction that the equilibrium
allocation must be the solution to problem (1). Sufficiency will then be shown
by constructing strategies and beliefs that support this equilibrium allocation as

a PBE outcome of the game.

It is clear that the introduction of interim renegotiation cannot increase the ex
ante expected utility of player 1 (otherwise the interim-renegotiation-proof allo-
cation could have been offered initially in the commitment game). Therefore, it is
only necessary to show here that, regardless of the identity of the player making
the renegotiation, player 1 cannot have in equilibrium less expected utility than
that associated with the solution to problem (1). Let é represent a candidate equi-
librium contract offer and let i % 4* be the corresponding equilibrium allocation.
Let us also assume that i is such that X7 po(t)U (s, t) < T, po(t)U (1, t).
Suppose first that T, po(t)V (i, t) = &7, po(t)V (0,t). Then by definition there
must exist a type ¢’ and an outcome /iy such that V (g, t') > V(g '), U(jiy, t) >
Ufe, ), Uy, t') > Uiy, ) for all t # ¢, and U(f,t) > Uljip, t) for all ¢ # ¢
Consider the contract ¢ whose menu is m(é) = {at}yp U iv. This allocation
is incentive compatible, that is, every type t # t' prefers i1, to any other out-
come in the menu, and type ¢’ prefers by construction fig to any other out-
come in the menu. Furthermore the contract @ yields (weakly) more utility to
both players regardless of the realized state. This implies that if ¢ is offered
in stage 3.1 by one player, it will be accepted by the other player. The con-
tract ¢ can therefore not be li-renegotiation-proof in this case. Suppose now that

S po(8)V (i, t) > =7 po(t)V(0,t). In this case, player 1 can initially offer the
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solution to problem (1) with V(0,t) +¢ replacing V(0,t). Since player 2 cannot
lose in the renegotiation round, he accepts this offer from player 1. This implies
that ¢ is not Ii-renegotiation-proof in this case either. Therefore, an equilibrium
allocation must necessarily solve the stated maximization.

For each case, we provide strategies and beliefs that support the equilibrium
allocation as a PBE outcome. Consider first the case in which player 1 makes the
renegotiation offer in stage 3.1. The following strategies and beliefs support the
allocation p¥ as an equilibrium Il-renegotiation-proof allocation.

g0 = o with m(c}) = (i} i
arg maXe, E’tl;.—l po(t)U(§(Co, n l’t)’t)
&y (eot) = s/t V(s(co s 1L, ), t) 2 V{(3(co, ,0,t),t) vteT
o = ! if it is different from cop
[} otherwise
m(c,) if dl =1
m(co) ifdr =0

§{co,c1,d1, 1) = BIEMBX e (amy¥ U(a™, t) where {a"),f=1 = {
\

dnfeo) = { Lt STy pol)V (3(eo, &(ea, ) difeo &1 (e ), 0 £) 2 Ty o)V (0.1)

Qi — 0 otherwise
2 1 if ey # co and V(3(ca o1, 1,0),8) 2 V(3(co,e1,0,8),t) VEET

0 otherwise

d-l(COw ¢) = {

pﬂ(t) if V(s(c()v €1, ]' t), t) 2 V(‘;(cfh C}.O, t)1t) Yie T
1 if 3¢’ such that V{5(co,c1, 1L, t),t)) < v {5(cg, €1, 0, t'), t)

ir t o) =
P (tco 1) and ¢ is the smallest such ¢’

0 otherwise

We will now argue that these strategies and beliefs do in fact constitute a PBE.

In stage 4, player 1 selects the element of the menu of the outstanding contract
that she prefers given her type. In stage 3.2, player 2 only accepts contracts
that result in allocations that improve on his payoff regardless of the type of
player 1. This is supported by the beliefs that if a contract offer in stage 3.1 is
expected to result in an allocation for which there exists a smallest t’ such that
V(5(co, c1, 1, 1), ') < V(3(co, ¢1,0,1'),t'), then this contract offer must have been
offered by type t’ and hence it is rejected by player 2. Given this acceptance rule
by player 2, player 1 can do no better than offer in stage 3.1 her preferred contract
among those accepted by player 2 if this contract is different from the outstand-
ing contract; she offers no contract otherwise. In stage 2, player 2 accepts all

contract offers yielding an expected payoff of =L, po(t)V (0, t) given the expected
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equilibrium resolution of the game following this initial offer. F inally, in stage
1 player 1 offers her preferred contract among those expected to be accepted by

player 2.

These strategies and beliefs imply the following equilibrium path. In stage 1,
player 1 offers the contract ¥ which is accepted by player 2 in stage 2. In stage
3.1, player 1, regardless of her type, cannot offer a contract that is expected to
be accepted and that improves her welfare. Given the acceptance rule of player
2, the best offer type ¢ of player 1 can make is the contract which specifies as a
menu the solution to the following maximization problem.

ma,’).( U(ﬂ'l!v t)
{63ty

s/t (1) V(uw,t)2V(it) VeeT
() U(pi,t) 2 U(ue,t) Vet eT

Regardless of type, it is easy to see that the first-order conditions of this problem
yield the same solution as the first-order conditions of problem (1). Therefore,
the solution to this maximization problem is p{" and, regardless of type, player 1
does not make an offer. In stage 4, player 1 selects her preferred element in the

menu m(c]") and actions are then executed as prescribed by that element.

With these strategies along the equilibrium path it is clear that the allocation
# is I1-renegotiation-proof.
We now consider the case in which player 2 makes the renegotiation offer in

stage 3.1. The following strategies and beliefs support the allocation pf as an
equilibrium I2-renegotiation-proof allocation.

& = cff with m(cff) = {#{vﬂziu
i 1 if 2 # co and U {3(cy, e, 1,t),t) > U(3(co, 2,0, 1), t)
da(co, co,t) =
ar = 2(co, ez, t) 0 otherwise
m{ce) ifdy=1

- N
3(co, €2, dp, t) = arg MBX g g (amy?, | U(a™, t) where {a"},_, = { mico) ifdy =0

Ui ST po()V (30, ea(co). daen,Eafeo) ), 0),£) > 551, polt)V(0.1)
0 otherwise
argmaxe, LT, po(t)V (3(co, 2, 1,1),1)
sft U(3{co, 00 1,1),8) > U(3(co,co,0,t),t) ViEeT
if it is different from ¢

do(co) = {

oF -
ea(co) =

{4 otherwise
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We will now argue that these strategies and beliefs do in fact constitute a PBE.

In stage 4, player 1 selects the element of the menu of the outstanding contract
that she prefers given her type. In stage 3.2, player 1 only accepts contracts
leading to an allocation that improves her welfare given her type. In stage 3.1,
player 2 offers the best contract that is acceptable to all types of player 1 if it is
different from the outstanding contract; he offers no contract otherwise. This is
without loss of generality since player 2 can offer a contract that specifies a menu
of elements, one for each type. For example, suppose player 2 offers a contract
that is accepted only by a subset of types T' C T. Then all types in 7’ prefer an
element in m(cz) to all elements in m(co). Furthermore, all types not in 77 prefer
an element in m(co) to all elements in m(cz). It would therefore be incentive-
compatible to include in the menu m{cy) those elements preferred by all types
not in T’. This would not reduce player 2’s welfare since selected elements would
be the same under either scheme. Hence the specification of player 2’s strategy
for his offer of contract cp is without loss of generality. In stage 2, player 2 only
accepts those contracts that are expected to lead to an equilibrium allocation
yielding at least =T, po(t)V(0,t) given the resolution of the renegotiation stage.
Finally in stage 1, player 1 offers her preferred contract among the set of those

expected to be accepted by player 2.

These strategies and beliefs imply the following equilibrium path. In stage 1,
player 1 offers the contract ¢ which is accepted by player 2 in stage 2. In stage
3.1, player 2 cannot offer a contract that is expected to be accepted and that
improves her welfare. Given the acceptance rule of player 1, the best offer player
9 can make is the solution to the following maximization problem.

T
mag 3 po(t)V (han 1)
{paeiy t=1

s/t (i) Ulpat) 2U(ugt) VEET
(i) Upart) > Ulpar,t) VEEET
Regardless of type, the solution to this maximization problem is py. Suppose
this was not the case and the solution was £ # pir. By definition, [ satisfies all
incentive-compatibility constraints in the maximization problem (1) and improves

the expected welfare of player 2 without decreasing player 1’s expected welfare.
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Since player 2’s participation constraint is binding in the maximization problem
of the statement of the proposition, this contradicts the fact that #¥ is a solution
to it. It is then clear that, regardless of type, player 2 cannot do better than
with ¢f and therefore he makes no offer. In stage 4 player 1 selects her preferred
element in the menu m(c’) and actions are then executed as prescribed by that

element.

With these strategies along the equilibrium path it is clear that the allocation

p3 is 12-renegotiation-proof. ||

Proof of Proposition 3 For ui to be P1l-renegotiation-proof, it must be the case
that, when it is offered in stage 1 and accepted in stage 2, it is not renegotiated
in stage 4.1. If this is the case, we show that the constraints (i) and (ii) must
be satisfied. If the allocation #Y is not renegotiated, it will be the implemented
allocation and it must therefore satisfy constraint (i) for it to be acceptable to
player 2. Constraints (ii) capture the effects of ex post renegotiation by player
1. Suppose there exist t,t' € T such that (if) was not satisfied for a candidate
equilibrium P1-renegotiation-proof allocation {,II}Ll supported by the contract
¢. This implies that there exists an action-pair /i such that V(4,t") > V{(jip,t")
for all ¢” € 7 and U(i,t) > U(ji,, t). Now consider the following strategies. In
stage 4, player 1 selects the equilibrium element of type ¢, that is, So(c,t) = fiy;
in stage 4.1, player 1 offers a contract that she knows will be accepted for sure
by player 2 since it increases player 2's utility regardless of his beliefs, that is,
é1(&, fip,t) = & such that m(é;) = {i}; in stage 4.2, it is a dominant strategy
for player 2 to accept the utility-increasing offer, that is, Jl(é, e é) = 1; in
stage 4.3, player 1 trivially selects i € m(é1). These strategies imply that if é is
offered, then it must be accepted by player 2 regardless of his beliefs. Given the
definition of /i and the anticipated response of player 2, player 1 will in fact offer
¢ after having chosen ji,, thus breaking the equilibrium supporting the allocation
fiasa Pl-renegotiation-proof allocation. This implies that the constraints (ii)
are necessary for an allocation to be Pl-renegotiation-proof. It

Proof of Proposition 4 We construct strategies and beliefs that support »}"
as an equilibrium P1-renegotiation-proof allocation of the ex post-renegotiation
game.,
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Define ji(a", t) = arg {max, Ulp,t) s/t Vi, t') 2 V(a",t') Vt € T}. The set of
types that select the element so € m(co) is denoted by
T {co, 80) = {t € T | sp = arg maXqem(co) U(ﬁ(a",t),t)}.

g0 = o7 with m(e7) = (Wh}L,

So(co, t) = arg maXarem(co) U(ﬁ(a", t), !)

o =1 ¢y such that m(c;) = {f(so, 1)} if ffs0.t) # 50
éi{co, 80,t) = ¢ otherwise

51(co, 50, 1, 8) = mler)

1 if £, pa(t)V (51 (co, Solen t), & (co. Solcor ), 0),t) 2 T o)V (0, 1)

do(co) = 0 otherwise

oF =
2 . 1 ifm(cr) # (s} and V(m(c1),t) 2 V(s0,t) V€T
dy(co, 50, €1) = .
0 otherwise
20()/ TreBeonn) Pol7) if T{co, 50) # 0,t € T(co, s0)
and V(m(c),t) 2 V(se,t) Vi€ T
P {tlco, so,c1) = § 1 if 3¢’ such that V(m{c,),t") < V(so,t)
and ¢ is the smallest such t’
0 otherwise

We will now argue that these strategies and beliefs do in fact constitute a PBE.

In stage 4.3, if ¢ is accepted, player 1 trivially selects 51 = m{c;). In stage
4.2, player 2 accepts the new contract offer ¢, if and only if m(c,) is preferred
to the action so regardless of his beliefs. This is supported by the beliefs that
if a contract offer in stage 4.2 yields less than so for a smallest ¢/, then player
2 concentrates his beliefs on # thus inducing him in rejecting ci. Given this
acceptance rule by player 2, player 1 can do no better than offer in stage 4.1
her preferred contract among those accepted by player 2. This includes selecting
in stage 4 the element so of m(co) which gives player 1 the best renegotiation
possibilities and then offering in stage 4.1 the contract ¢ with the associated
menu m(c;) = {i(s0,t)}. In stage 2, player 2 accepts all contract offers yielding
an expected payoff of LI, po(t)V (0, ) given the expected equilibrium resolution
of the game following this initial offer. Finally, in stage 1 player 1 offers her

preferred contract among those expected to be accepted by player 2.

These strategies and beliefs imply the following equilibrium path. In stage 1,
player 1 offers the contract 7 which is accepted by player 2 in stage 2. In stage

4, type t of player 1 selects her preferred element u%r in m(c’"). In stage 4.1, she
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makes no offer. Given that 4} satisfies the constraints of the maximization prob-
lem (2), the contract ¢} cannot be renegotiated in stage 4.1 given the equilibrium
strategy of player 2.

With these strategies along the equilibrium path it is clear that the allocation
1Y is Pl-renegotiation-proof. Il

Proof of Proposition 5 We will first show that the constraints of the maxi-
mization problem (3) and the maximization itself are necessary to describe P2-
renegotiation-proof allocations. Then we will construct strategies and beliefs that
support uf as an equilibrium P2-renegotiation-proof allocation of the ex post-

renegotiation game.

For 4} to be P2-renegotiation-proof, it must be the case that, when it is of
fered in stage 1 and accepted in stage 2, it is not renegotiated in stage 4.1.
If this is the case, we show that the constraints (i) through (iii) must be sat-
isfied. If the allocation u5 is not renegotiated, it will be the implemented
allocation and it must therefore satisfy constraint (i) for it to be acceptable
to player 2. Constraints (ii) represent standard incentive-compatibility con-
straints which must also be satisfied. Constraints (iif) capture the effects of
ex post renegotiation by player 2. To show that these constraints are neces-
sary, consider a candidate equilibrium P2-renegotiation-proof allocation { ﬁ}tT: .
supported by the contract ¢ with a type ¢ € T such that (iii) is not satis-
fied. This implies that there exists a vector of action-pairs {;2,},67—0;') such
that TrerG po(T)V (i, 7) > Srerqay po(r)V (ull, 1), U(r7) > Ui, 7) for all
7,7" € T{f,), and U(gr,7) > Ujae,7) for all 7 € T(ix:). Now consider the fol-
lowing strategies. In stage 4, player 1 of type r € T (i) plays her equilibrium
strategy 5o(¢,7) = fi; in stage 4.1, the equilibrium dictates that player 2 must
believe with probability Po(t')/ Treray po(7) that the type of player 1 is ¢ and
consequently he can offer the contract é(¢é, f1i1) = & such that m(é;) = { ﬁ,},eﬂm;
in stage 4.2, type r ¢ T (#:) of player 1 accepts the utility-increasing renegoti-
ation offer, that is, Jg(é,;},,ég,f) = 1; in stage 4.3, type 7 of player 1 selects
her preferred element /i, in m(ég). These strategies imply that if ¢ is offered,

then it must be the accepted by all types of player 1 believed by player 2 to
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have selected /i, from the menu of the initial contract offer. Given the defini-
tion of {ft+},e7 () and the anticipated response of player 1, player 2 will in fact
offer &, after fi, has been selected, thus breaking the equilibrium supporting
the allocation ji as a P2-renegotiation-proof allocation. This implies that the
constraints (iii) are necessary for an allocation to be P2-renegotiation-proof. Fi-
nally, player 1 must attain the maximum over these constraints. Suppose this
was not the case. Let ¢ represent a candidate equilibrium contract offer and
let i # ph be the corresponding equilibrium allocation. Let us also assume
that i is such that v po()U (s t) < 57, po(t)U(p;.t). This implies that
there must exist a contract ¢ with the associated incentive-compatible alloca-
tion ji such that =L po()U (B t) > T, po(t)U (i, t) and ¥ po(t)V (fiest) >
T, po(t)V(0,¢t). Suppose that the contract ¢ is offered in stage 1. Suppose
player 2 accepts the offer. Then, in any ensuing equilibrium, player 1 can guar-
antee herself of U(ji,, t) in every state t. This is achieved by having player 1
playing 50(¢,t) = ji; and dy(&, fir, c2,t) = 0 for all t. Furthermore, in any equi-
librium, player 2 can guarantee himself of V (i, t) in state t. Suppose in state
t player 1 selects the outcome jv. Player 2 then renegotiates (successfully) to
{max, V(p,t) s/t U(p,t) > U(ae,t)}. But since the allocation fi is incentive-
compatible, we have that U (fiest) > U(fip,t) and therefore V (ji., t) is greater or
equal to the above maximum. This implies that the contract ¢ provides player
1 with expected utility greater than that of contract i and player 1 with ex-
pected utility greater than his reservation value. Contract ¢ will therefore be
offered and accepted. Hence the contract & cannot be an equilibrium contract
offer. This shows that the allocation solving problem (3) is necessary for it to be
P2-renegotiation-proof.

We now show that these constraints are also sufficient by constructing strategies
and beliefs that support p5 as a P2-renegotiation-proof allocation. Define the
renegotiated allocation when player 2 concentrates his beliefs on the worst state
t = 1 as ji(a") = arg {max, V(y,1) s/t U(p,1) 2 U(a", 1)} with {a"}i:':l being
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the menu of the outstanding contract.

& = o with m(cf) = {ul}T |
aTE MaXgnem(c) U (fi(a™), t) if o # b

do(co, t) =
. o(co, t) 8TE MaXgnemco) U (a™, t) otherwise
! = 1 if 3a{co, 50, €2, t) # 39 and U(3a(co, 30, ¢, ), t) > U{so,t)
da(co, 50, €3, t) = .
0 otherwise
82(co, 30, c2, t) = arg maxanemges) U (a™, t)
do(eo) = 1 if £, po(t)V (52 {co, 5o(co, £), éa(eo, So(co, 1)), 1), t) > T po(t)V(0,1)
o 0 otherwise
o = arg maxe, {V' (2(co, 30, c2,1), 1) 8/t U(53(co, 50, c2,1), 1) 2 U(so, 1)}
&2(co, 50) = ifeg # o
0 otherwise
Po(t)) TrenayPol7) ifco=cE and t € T (s0)
Py (tleo, 50) = { 1 ifeo#£cE andt =1
0 otherwise

We will now argue that these strategies and beliefs do in fact constitute a PBE.

In stage 4.3, type ¢ of player 1 selects her preferred element in m(cy). In stage
4.2, player 1 accepts the new contract offer cp if and only if her preferred element
in m(cy) is preferred to sp. Given this acceptance rule by player 1 and his own
beliefs, player 2 can do no better than offer in stage 4.1 his preferred contract
among those accepted by player 1. This implies offering the contract ¢, with the
associated menu m(cp) = {ji(so)} if cg # c§’. This is supported by the beliefs that
player 1 has the worst type 1. No contract is offered if ¢y = 5. This is optimal
given that constraints (iii) are satisfied by the equilibrium allocation u5. In stage
4, player 1 selects the element of m{cg) that yields the highest utility given the
expected renegotiation offer by player 2. In stage 2, player 2 accepts all contract
offers yielding an expected payoff of &7, po(2)V (0, t). Finally, in stage 1 player 1
offers her preferred contract among those expected to be accepted by player 2.

These strategies and beliefs imply the following equilibrium path. In stage 1,
player 1 offers the contract 5 which is accepted by player 2 in stage 2. In stage
4, type t of player 1 selects her preferred element pf; in m(c)). In stage 4.1,
player 2 makes no contract offer. Given that ub" satisfies the constraints of the
maximization problem (3), the initial contract e} cannot be renegotiated in stage

4.1 given the equilibrium strategy of player 1.
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With these strategies along the equilibrium path it is clear that the allocation

ph s P2-renegotiation-proof. ||
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