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ABSTRACT

This paper studies the implications of non-commitment for organizational de-
sign. An organizational form must trade-ofl between the coordination benelfits
associated with the centralization of information and its associated costs in terms
of renegotiation. The analysis makes precise what these benefits and costs are.
First, I characterize renegotiation-proof allocations for organizational forms that
differ in the amount of decentralization that they support. Second, I compare
these different organizational forms. The analysis shows that (1) complete decen-
tralization of decision-making is always weakly dominated by a more centralized
structures when information is dispersed in the organization; (2) the player with

the most important or relevant information should be the decision-maker.



1 Introduction

It is an ongoing preoccupation of business managers to find the optimal decision-making
structure for their firm. For example. suppose a new project comes up in a firm. The first
important decision that must be made regarding the management of this project is how to
design the relationship between the firm and the manager of this new project. One aspecet of
this important decision is how much autonomy should be given to the project’s manager as
opposed to the firm’s owners or managers. namely. should decision-making for this project
be centralized to the firm's top decision-makers, or should 1t be decentralized to the manager

of the relevant project.

Milgrom and Roberts (1992) provide some examples in which the internal organization
of the firm has played a central role in achieving success and high profitability. One striking
example is that of General Motors. The internal reorganization of General Motors under-
taken by Alfred Sloane in the carly 1920's was motivated by a much needed change in its
marketing strategy which in turn had to be implemented by a modification of its decision-
making structure. Of concern was the feeling that some decisions had to be decentralized 1o
the different divisions of the company, but at the same time. some coordination of decisions
had to be maintained to ensure that the different divisions would not compete against cach
other. This reorganization was critical to the fact that within the next twenty vears General
Motors became the clear leader of the industry surpassing Ford and its highly centralized
organization. Milgrom and Roberts also zive the example of the early rivalry between the
North West company and the Hudson’s Bay company to capture the North American market
for animal furs. Again. in this example. organizational design was a clear determinant of the

success or failure of these rivals.

Although the problem of organizational design is central to business managers. cconomists
still do not understand all facets of the problem. With a complete set of contingent markets
and no market imperfections. the First Theorem of Welfare states that the Walrasian equi-
librium is Pareto optimal. Organizational design then plays no role. Organizational design
matters when markets are incomplete. For example. in the preseunce of asymmetric informa-
tion. there cannot exist markets contingent on the private information detained by one or
a group of agents. An organization can then arise as a substitute to these missing markets
by allowing agents to write contingent contracts. Private information is then a sufficiem

condition for the emerzence of firms.



Even if one admits that asvmmetric information is a suflicient condition for the existence
of organizations. economists do not know much about how such organizations should be
internally structured, namely, should decision making be centralized or decentralized. In fact.
the Revelation Principle (AMyerson, 1979) states that any aliocation attained by a complex
decentralized organization can always be replicated by a simple centralized organization
in which all agents report {truthfully) their private information to some central authority
which then recommends, based on these reports, actions to be undertaken by the agents.
This prineiple states that centralization is always (weakly) preferred to decentralization. This
scems to be at odds with casual empirical observation. In most organizations. be they public
or private, players seem to recognize the benefits of some decentralization of decision making.
It is therefore a challenge for economists to understand rigorously the relative benefits and

costs of decentralization.

An important aspect of the Revelation Principle is that it holds in environments in which
playvers are committed not to renezotiate the nitial contract once their private information
has been reported. A centralized organization 1s based on an extensive communication
network between plavers that produces the optimal decision as the result of a complete
coordination of the available information. Such centralization mayv not be feasible if plavers
can renegotiate the initial contract following communication of their private information.
thus invalidating the Revelation Principle (sce Holmstrom and Myerson (1983) and Beaudry

and Poitevin (1993) for a discussion of this basic point).

The approach taken in this paper is to suppose that organizations act as substitute for
incomplete markets because of the presence of asymmetric information. Within the organi-
zation, players cannot commit not to renegotiate past agreements every time communication
occurs. lor example. a contract signed between two players in the presence of asymmetric
information may trade off between the efficieney of the allocation and the costs of provid-
ing plavers with incentives for revealing their private information. This trade-ofl generally
involves incorporating in the contract some distortions {ex post inefliciencies) to elicit the
players to reveal their private information. The problem is that. in general, these distortions
arc time-inconsistent. that is. once the playvers have reported their private information there
is no reason to maintain allocative distortions. Thus. if players are not committed not to
rencgotiate the contract theyv will effectively renegotiate 1t. These observations have lead

cconomists to study “renegotiation-proof’ contracts.’

'For example, Fudenberg and Tirole (1990). Laffont and Tirole {1990). Dewatripont (1988, 1989). Hart



Renegotiation arises because plavers have an opportunity to communicate after the con-
tract has been signed. Since renegotiation generally reduces their ex ante welfare, plavers
may seek ways Lo commmil not to communicate. The organizational design defines the commu-
nication channels that will govern the relationships between players. It is therefore natural to
think that the design of communication channels takes into account the potential for harmful
renegotiation. The organizational design then becomes a credible commitment towards the

prevention of renegotiation.

Consider the following simple example. Two plavers form an organization. Plaver 1 is
the principal and plaver 2. the agent. Suppose the two players sign a contract {sctup the
organization) at date 0. At date 1. the agent receives some private information that is pavoft
relevant to the two playvers. For example. the agent may be a production manager who learns
about a new technology. The state of technology affects his utility cost of effort as well as
the principal’s value of production. Production occurs at date 2 alter which payolfs for the
two playvers are realized. It turns out that, even in this simple setting, organizational design

can have a significant impact on the efficiency of the organization.

Consider an organization where the contract linking the two plavers Is an incentive-
compatible menu of production-wage pairs that are contingent on the agent’s verifiable
report of his private information. Such organization is quite vulnerable to rencgotiation. The
contract requires the agent to send a verifiable message to the principal on which production
and transfer payvments depend. Such communication modifies the set of alternatives that
the two plavers can renegotiate. that is. once the agent has sent his verifiable message. the
contract. specifies which production—wage pair should be chosen among all those specified i
the menu of the contract. The two plavers then have a fairly precise idea of their payvoll if they
do not renegotiate the contract. Consequently. if renegotiation occurs following the verifiable
message it may he quite easy for the two plavers to agree to some new contract that improves
on the chosen production-wage pair. and this even if such renegotiation potentially arises
under asvmmetric information. In this case, rencgotiation may undo some of the incentives

built in the contract. thus reducing the ex ante efliciency of the organization.
Consider now an organization where the contract is a mapping {rom production levels
to transfer payments. The agent produces at a level of his choice. and his remuneration

is contingent on the chosen production level as specified by the contracted mapping. Such

and Tirole (1988), Beaudry and Poitevin (1993, 1094), Maskin and Tirole (1992}, all study the effect of

renegotiation on contracts with asymmetric information.



organization is not as vulnerable to renegotiation as is the previous one.  Even though
some communication may take place, 1t 1s not verifiable as the contract specifies that the
wage depends on the production level. not on the content of communication between the
two plavers. Unverifiable communication does not change the set of alternatives that can
occur if renegotiation is rejected. It is therefore almost impossible for the two players to
agree on a Pareto improving contract, and renegotiation cannot be successful. Furthermore,
rencgotiation cannot succeed onee the agent has produced since then only the wage needs to
be paid. and the players cannot agree on whether to reduce it or increase it. Renegotiation

then has very little eflects on the ex ante efficiency of the organization.

The two types of organization just described differ in the nature of communication be-
tween the principal and the agent. By committing to some communication channels plavers
can mitigate the effects of renegotiation. Such commitment can be interpreted as an assign-
ment of rights to the playvers. When communication is verifiable, it is as if the principal
retains the right to produce. therefore centralizing to herself the production decision. The
contract then promises a given pavoff to the agent contingent on the production level. This
implies that communication must be verifiable for the agent to trust the principal into pro-
ducing at the contracted level after learning his information. Verifiable communication then

allows the principal to coordinate her production decision on the agent’s information.

When no verifiable communication takes place, it is as if the principal gives her production
rights Lo the agent. thus decentralizing the production decision to the agent. The contract
then promises to sell the production to the principal at a pre-specified price. This implies
that no communication is necessary to implement a production level. The agent has complete
autonomy over production. He can usce his information and the specification of pavoils in

the initial contract to produce at the required level.

With this interpretation. the concepts of centralization and decentralization within an
organization have the same interpretation as in an cconomyv. Centralization means that the
principal retains all rights and the agent has no autonomy over production decisions. while
decentralization means that the principal relinquishes his right to produce to the agent who
then has full autonomy over the production decision. The only difference between an or-
ganization and an economy is that. within an organization. payofls are endogenously given
through the initial bargained contract. In an cconomy. payoils are given by exogenously de-
termined market prices. Despite this difference. the similarity between the two environments

justifies using the concepts of centralization and decentralization when discussing the design
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of communication channels and decision-making within the organization.

The assumption that players cannot commit not to rencgotiate ex post has important
consequences for our understanding of internal organizational design. If full commitment is
possible, the two types of organizations are often equivalent (sce Mclumad and Reichelstein.
1987, for a characterization). When full commitment is not possible. however, organizational
design matters. A decentralized organization limits the scope for ex post opportunism by
limiting verifiable communication: a centralized organization cannot achieve such commit-
ment, and is thus vulnerable to renegotiation. Ex ante. plavers should design a decentralized

organizational form.

The superiority of decentralization over centralization within an organization may not,
however. be robust to the presence of bilateral private information. Suppose both the prin-
cipal and the agent possess some private information. For example. the principal may have
some information about demand. while the agent knows better the state of technology.
Optimal coordination requires that the production decision be based on the two plavers’
mformation. The organizational form must be setup 1o coordinate the private information
of the two playvers. while at the same time avoid costly (in terms of renegotiation) com-
munication channels. There is a trade-off here between coordination and limited verifiable
communication. The optimal organizational design is then represented by a contract which

optimally achieves this trade-off.

With bilateral private information many different contracts are possible. A completely
cenfralized organization is governed by a contract that specifies a menu {matrix) of production-
wagce pairs contingent on the verifiable reports of the two plavers. After learning their private
information, both plavers make a report. and the executed production-wage pair depends
on these reports. Such organization requires full verifiable communication. and hence vields
maximal coordination of the available information. It also allows. however, for strong rene-
gotiation possibilities since full verifiable communication reduces the set of implementable
alternatives if rencgotiation is rejected. It is then easy for the two players to agree to some

[Pareto improving contract.

A completely decentralized organization is governed by a contract that specifies a map-
ping from production levels into wages. After learning his private information the agent
decides on a production level based on the contracted mapping between output and wage

and his own private Information (but not that of the principal). A completely decentralized



organization eliminates all verifiable communication. and hence reduces the problem of rene-
gotiation at the expense. however. of minimal coordination of information. The efliciency of
the organization is then reduced because the production decision is based on very limited

information.

With one-sided private information, only these two types of organization exist. that is,
those with full verifiable communication {centralized) and those with no verifiable communi-
cation {decentralized). With bilateral private information. however. there exist hvbrid types
with partial veriflable communication. In a hierarchical organization. the principal may
communicate her information to the agent who then makes the production decision based
on this report and his own private information. It is governed by a contract that specifies
a whole menu of different mappings of production levels into wages where the choice of a
specific mapping is contingent on the principal’s report. I a hierarchy. partial verifiable
communication leaves some scope for renegotiation. but not as much as in a centralized
organization since, following otic-way communication. the set of implementable alternatives
is still fairly large (a whole production-wage mapping). It may then be hard for the playvers
to agree on what constitutes a Pareto improving allocation. A hierarchical organization al-
lows some coordination through partial communication, but it also opens the door to some

rencgotiation which affects its ex ante efliciency.

The first objective of this paper is to characterize implemented allocations for all three
types of organizational forms in environments with bilateral private information. The second
objective is to compare these allocations to study (1) the determinants of decentralization

in an organization and (2} the flow of information inside the organization.

There 1s a recent literature that studies the determinants of organizational form. Laf-
font and Martimort (1994) show how organizational design becomes a credible commit ment
against collusion. In a model with two regulators they shiow that separation of powers be-
tween these two regulators reduces their potential for discretionary behavior. The separation
of powers limits the information each regulator can extract from the firm, which is shown to
limit collusive behavior. This literature (see the citations in Laffont and Martimort) focuses
on collusive behavior to invalidate the Revelation Principle and to explain decentralization.

[t is complementary to this paper which focuses on commitment problems.

The basic idea that organizational form can resolve commitment problems has been

proposcd by Milgrom (1988) in a model of moral hazard. Mlilgrom shows that. if ex post



opportunism results in wasteful influence activities. decentralization of certain decisions to
players that care about them mayv be an optimal response to prevent these activities, [
focus on the design of communication channels as a means of coordinating and preventing

renegotiation.

Melumad, Mookherjee, and Reichelstein (1990, 1991) compare the relative efficiency of
different hicrarchical structures when communication costs are exogenously imposed. For
example. they show that decision-making should be decentralized 1o a better informed agent
if he cannot communicate all of his information to the principal. In this paper. | endogenize
or make precise what 1s the nature of these communication costs when full commitment is

not possible.

The next section describes the economic environment. Section 3 presents the analysis for
the one-sided private-information case. Section 4 provides a characterization of the imple-
mented allocations for the different organization forms in the bilateral private-information

case. Section 5 compares the different types of organizations. A conclusion follows.

2 The model

Two players form an organization to produce two actions a; and ay. Plaver i physically
executes action a;. Actions are irreversible once exccuted. | denote by a — (ay,aq) the
vector of action-pairs. | assume that a € A where A is a compact set. The environment
i which the organization evolves is stochastic. The variables ¢, and 8y parameterize the
uncertainty. Each vealization of the variable #; is drawn from a finite set ©; = {Uf'? o 0{[}.
The two variables are independently distributed. The probability of 07 1s 7, > 0. and the

probability of 85 is p, > 0.

Player 1. the principal. has state-contingent preferences over an action-pair a defined by
LU'(0,,65,a). The function U is monotonic, continuously differentiable. and concave in a for
all ) and €;. Plaver 2, called the agent. has state-contingent preferences over an action-
pair a defined by 17(f;,a). The function 17 is monotonie. continuously differentiable. and
concave in a for all #;. Note that the agent’s preferences do not depend on #;. The opposite
would unnecessarily complicate the analvsis. I assume that the principal and the agent have
opposite preferences over @ and ap. that is. signl,, = sign—1, for i = 1,2. The agent

has reservation utility ©. These assumptions ensure that the contractual problem is well
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hechaved.

In this environment, an allocation is a matrix of action-pairs where each entry is as-
sociated with a possible realization of the states of nature. Denote an allocation by g =

y=H . . o
{a*¥}] gzL. where a™ is the executed action-pair in states 07 and 3.

Consider the following example. An agent is hired to execute production. The variable
fla represents the productivity of the technology used to produce the units of output, and
;. the level of demand. The action a; represents the amount of units produced. while a;
is a transfer from the principal to the agent. This transfer can be interpreted either as the
agent’s wage, or as the amount of resources that the central office transfers to the agent’s
division. The agent’s preferences are V(0g,a) = v(ay) — e{az, 02) where e(as, 03) represents
the agent’s cost of producing @, units with the technology ;. The principal’s preferences are
U0,,0,,a) = P(0),)a, — clag, 02) — @, where P(6,) represents the price at which the units are
sold, and ¢{ay, fla), the cost of producing a, units with technology 0p. With an appropriate
choice of the functions v, ¢, P, and ¢. this example would satisfy all the above assumptions.
Ioven though this is an interesting example. in what follows T stick with the more general

formulation.

Events unfold as {ollows. Before the states of nature are revealed. the two players get
together and agree to some organizational form. An organization is a commitment to some
form of verifiable communication between the two plavers. Once the organization is in place,
nature chooses states ¢ and fl5. The required verifiable communication takes place, thus

inducing the execution of an action-pair a. Finallv. payofls are realized.?

The organizational form is implemented by a contract that the two playvers sign before
the states of nature are realized. The form of the contract dictates the communication
channels through which playvers coordinate on an action-pair. and thus the allocation that is
implemented. This allocation depends on the type of contract that can be written and on
the process by which the contract is chosen and carried out. A contract has the following

seneral structure,

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

ATPAY?

L. 4 menu of actions m(c) = {a™ "2}, 172

 where g™t € A for all ny, ny;

2This framework is one of hidden information as the two plavers contract before the states of nature are

realized.
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2. A wverifiable communication structure through which the two players coordinate on an

element of the menu,

A contract has some important features. First, it allows for mechanisms other than direct
revelation mechanisms since it 1s precisely the nature of the communication channels that is
under investigation here. Second. the coordination on a given action-pair is achicved through
the communication stage. The form of communication is derived endogenously and typically
depends on the informational environment as well as on the commitment possibilities. Third.
attention is restricted to contracts that only specify choices over deterministic outcomes.

Finally, I assume that a contract is enforceable.

The first objective of the papcer is to characterize the constraints that renegotiation
imposes on implemented allocations and analyze how different contractual arrangements can
alter these constraints. This is achieved by constructing a finite {renegotiation) game with the
following features. I assume that plavers have already signed a {status quo) contract: after
observing their private information, they communicate. possibly rencgotiate; and finally.
they cxecute the agreed-upon action-pair. Different organizational forms result in different
communication and renegotiation outcomes in this renegotiation game. The resolution of
this gzame can be used to derive conditions for an allocation to be robust to the possibility of
renegotiation for a given orgzanizational form. Such allocation is supported by a status quo

contract that is not rencgotiated along the equilibrium path of the rencgotiation game.®

The second objective of the paper i1s to compare the welfare of the two players under
different organizational forms. lor cach organizational form. there are tyvpically many al-
locations that are robust to renegotiation. | thercfore focus on the (constrained) efficient
allocation that maximizes the ex ante expected utility of the principal subject to a par-
ticipation constraint for the agent. and to conditions for it to be renegotiation-proof. The

comparison is then made on the basis of these allocations.”

$This same approach has been used by Maskin and Tirole (1992).

1One reason why the renegotiation gaine is not extended to include an initial contract proposal stage that
would endogenize the status quo contract is that an equilibrium renegotiation-proof allocation may fail to
exist in such a game. This nonexistence result is, however, only caused by the fact that the game is finite. In
a finite game, players can use the last stage of the game to commit to distortions which would be rencgotiated
away had the game one more renegotiation stage. The last stage may then allow plavers to implement the
optimal full-commitment allocation. This approach is not satisfactory and is therefore discarded in favor of

the one above.
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Before proceeding with the analysis of private information. | will characterize the optimal
allocation under symmetric information. Suppose first that the states of nature become

common knowledge and verifiable after they are revealed. Consider the following game.

1. The principal offers a contract c¢q.

2. The agent can accept or reject it. If he rejects it. the game ends. and both plavers

recelve their reservation utility.
3. In the third stage (if reached), the players publicly observe the states 0, and 5.

4. The executed action-pair is that prescribed by the clement of the menu m(cy) corre-

sponding to the ohserved states.

This game has a simple stricture and the communication channels are trivial. The contract
specifies a menu of action-pairs to be selected contingently on the realization of the states of
nature. The plavers publicly observe the realized states of nature. and simply execute the

action-pair from the contracted menu corresponding to the realized states.

For this game, the principal’s strategy is to make a contract offer at the initial stage.
The agent’s strategy is to accept or reject any offer the principal may make. Throughout
the paper, the equilibrium concept used is that of Perfect Bavesian Equilibrium (PBE) as
defined in Fudenberg and Tirole (1991).

It is casy to show that any cquilibrium allocation p* is a solution to the following maxi-

mization problem ?

maxigryy >op Tz o, pyU (07,05, a™)
st DL me o,V (05,07 > @

The equilibrium strategies are the following: the principal offers the contract ¢ with asso-
ciated menu m(c*) = p¥: the agent accepts all contracts vielding an expected utility of at

least 1.

“For simplicity | assume that the two plavers must stay in the organization following the realization of
the states of nature. First, this a reasonable assumption when studying ongoing organizations, and second,
the case where the agent could leave after the realization of 83 could also be studied using the techinique of

this paper.



The equilibrium allocation specifies an action-pair for each possible realization of §, and
;. The contract helps players coordinate on an action-pair as well as providing them with
some risk sharing. Organizational form is a matter of indifference in this framework. It is as if
contingent markets were complete. The states of nature arc verifiable and no communication

is necessary. The playvers simply execute the action-pair corresponding to the realized states.

The equilibrium allocation is ex ante as well as ex post eflicient. Ex post efficicney arises
because the two players agree on which action-pair to execnte following the realization of the
states of nature. There is therefore no room for successful rencgotiation. Such unanimity
over which action-pair should be executed may be lost if the states of nature were privately
observed. In the next section. I study the case in which ) is single-valued and the realization
of #; is privately observed by the agent. Section 4 looks at the bilateral private-information

casc in which player @ privately obscrves the realization of 8.

3 The one-sided private-information case

Results for the one-sided private-information case provides some mtuition on the effect of
renegotiation (or non-commitment) on optimal organizational design. Suppose that ) is
single-valued and @, € ©@,. Organizational forms differ in the way plavers can communicate.
Communication channels affect the incentives to reveal private information. and also the
possibility for renegotiation at different stages. “I'wo means of communication are considered.
First. the players can communicate verbally and verifiably. The contract would then specify
that, once the agent has obscrved ;. he must make a report to the principal. This report
is verifiable and conditions which clement of the contracted menu is to be implemented by
the principal. Second. the agent can communicate physically. The contract then specifies
that the agent exccutes a specific action level ay among all those specified by the different
elements of the contracted menu. The principal then undertakes her own action @y based
on the action selected by the agent and the contracted menu. In both cases. the contract
specifies pavofls for each possible action-pair.

The presence of incentive constraints generally introduces ex post distortions in the al-
location. Under full commitment. these distortions can be sustained ex post since no rene-

gotiation 1s allowed. Under limited commitment. however. plavers cannot commit not to

rencgotiate. They may then try to use renegotiation to eliminate such distortions. [ now
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characterize renegotiation-proof allocations under the two alternative communication struc-

tures when the two plavers cannot commit not to rencgotiate.

(Given an initial contract. renegotiation can occur at two instances. First, plavers can
renegotiate after the agent has learned his private information, but before he selects an
element of the menu. This is referred to as interim renegotialion. Second. renegotiation can
occur after the agent has sclected an element of the menu. This is exr post renegotiation.
Beaudry and Poitevin (1995) show that interim renegotiation has no effect on the set of

allocations implemented under full commitment.® 1 therefore focus on ex post renegotiation.

Ex post renegotiation is introduced by allowing one renegotiation round after the agent
has communicated his private information to the principal. Consider the following renegoti-

ation game in which plavers start ont with an arbitrary status quo contract cg.’
I. The agent observes the state of nature f.
2. The agent sclects an element sy € m(cy).
2.1 The principal can offer a new contract ¢; to the agent.
2.2 The agent can then accept or reject this new offer.
2.3 I 1t is accepted. the agent selects an element s; € m{ep).

3. The executed action-pair is that preseribed by the element s of the outstanding contract

C.

For this game. a strategy for the principal consists in offering a rencgotiation in stage 2.1 for
every element sg € m{cg) that the agent may have selected. The agent must communicate
with the principal for every possible states of nature he might have observed by selecting an
element in the menu of the status quo contract cg; accept or reject the rencgotiation offer
after any history so far; and if he accepts the rencgotiation ¢;. he must communicate again
with the principal by selecting an element in the menu of the accepted contract ¢;.

The approach used here is to characterize those ailocations that are supported by a status
quo contract which is not renegotiated along the equilibrium path even though it is possible

to do so. Allocations satisfving this property are called renegotiation-proof.

5This result is reminiscent of the “Groucho Marx” theorem proved in Milgrom and Stokey (1982),
“In this game, only the principal is allowed to make retiegotiation offers. This is meant as a simplifving

feature which has ne bearing on the qualitative results.
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Definition 2 A renegotiation-proof allocation for the renegotiation game is an
equilibrium allocation of the renegoliation game which is supported by a status quo contract

that is not renegotiated in stage 2.1 along the equilibrium path.

The characterization of renegotiation-proof allocations depends on whether communication
from the agent to the principal is verbal or physical. Suppose the organizational form is such
that all communication is verbal. The agent selects (verifiably) an element of the menu m(cy).
This may communicate some information to the principal who mav then try to renegotiate
the contract. The following proposition provides a characterization of renegotiation-proof

allocations when communication is verbal.®

Proposition 1 Suppose communicalion is verbal. An allocation {a*¥} s renegotiation-

proof if and only if it satisfies the following conditions.
() V(e > V{aY) Yy
(it) For ally', Zye)‘(au’) pU (0,05, av) >
max Y. . .(ay.)p-”‘L-'(Ol, noa¥) st V(03¢
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V(03.0%) > V(05.0°) ¥ 2.2" € Y (a¥)
where Y (ay') = {-y such that 05 € ©; and a¥ — ay'} .

This proposition provides a characterization of renegotiation-proofl allocations when com-
munication 1s verbal. These allocations must satisfy standard incentive-compatibility con-
straints and a set of constraints imposed by the requirement of renegotiation-proofness. The
conditions (ii) state that the equilibrium allocation must be such that. conditional on her
updated information following the agent’s selection in the menu m(c¢g). the principal cannot
find it profitable to offer a new incentive-compatible contract to the agent. For example. if
the cquilibrium allocation is separating, the set Y (a-"’) 1s a singleton, and these constraints

impose ex post efficiency.

Suppose now that communication is physical. The only difference with verbal commu-
nication is that the contract specifies that the agent must execute the action @y associated

with his preferred clement in the menu m(cp). This implies that the principal’s renegotiation

#This proposition corresponds to Beaudry and Poitevin's (1993) Proposition 5 and is therefore stated

without proof.



offer consists of a contract for which every clement of its associated menu includes the action

@y chosen by the agent. This effectively corresponds to the principal renegotiating only over
. - . ] . . . . . ) - 9

action a;. The following proposition characterizes rencgotiation-proof allocations.

Proposition 2 Suppose communication is physical. An allocation is renegotiation-proof if

and only if it salisfies the following conditions.
V(08 0Y) 2 V() aY) Yy

With physical communication. renegotiation-proofness does not tmposc any additional con-
straints on allocations beyond incentive-compatibility. It is important to point out that
any attempt by the principal to renegotiate before the agent executes his action {interim
renegotiation) does not affect allocations that are interim efficient. Since the implemented
allocation would be interim efficicnt if ¢ was endogenous. interim rencgotiation would not

change the set of optimal renegotiation-proof allocations (Beaudry and Poitevin. 1995).

The comparison of the constraints in Propositions 1 and 2 indicates that. in general.
verbal communication is more constraining than physical communiecation in the absence of
full commitment. For example. with verbal communication, any separating renegotiation-
proof allocation must be ex post eflicient. This does not have to be the case with physical

communication.

This result can be given the following interpretation. Verbal communication can be as-
sociated with a centralized organization where the principal retains the rights to actions a;
and ap. collects all relevant information from the agent, and then implements the action-pair
dictated by the reported information and the initial agreement the plavers have. Alterna-
tively, physical communication can be associated with a decentralized organization in which
the principal confers the rights to action ay to the agent. The informed agent then chooses
his preferred level of ap based on his private information and the pavoffs specified in the
contract. The result implics that decentralization of decision making is a credible means
of avoiding the inefficiencics associated with renegotiation in environments where plavers

cannot commiit not to rencgotiate.

In one-sided private-information environments, a decentralized organization is always

preferred since only one player possesses private information. The organizational form then

9All proofs are relegated to the Appendix.
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serves the only purpose of avoiding renegotiation. This is optimally achieved through decen-
tralization. With bilateral private information. the organizational form must not only limit
the scope for renegotiation, but also coordinate the actions on the information of the two
players. The next section studies the trade-off between coordination (and centralization)

and the prevention of renegotiation through decentralization.

4 The bilateral private-information case

In this scction, 1 assume that §; € ©; aud f; € ©5, where the probabilities of 07 and 0§ are

7y > 0 and p, > 0 respectively.

With bilateral private information, there are three general classes of organizational forms.
In the first class, all communication is verbal. The two plavers simultancously make a report.
Based on these reports, the contract prescribes an action-pair to be undertaken. In the
sccond class. onc player first makes a report, the second then communicates its information
physically by executing its action, and finally the {irst plaver executes its action based on
the communicated information. I shall consider in turn the two cases in which the principal
or the agent first communicates verbally, In the third class, the two playvers communicate
their information sequentially and physically. The two cases in which the principal or the

agent communicates first are considered in turn.®

Before proceeding with the analysis. I present a benchmark case in which there is corplete
verbal communication and full commitment. Any given status quo contract ¢g would be

excaited according to the following game referred to as the FC game (for full commitment).

1. The principal observes the state #,. and the agent observes the state 8y,
2. The principal sclects a row g € m{cg). and the agent selects a column ng € m{co).

3. The executed action-pair is that prescribed by the intersection of the row rp and the

column ng.

O These three classes exhaust all interesting organizational forms. Plavers commmunicate either simultane-
ously, or sequentially. Simultancous communication must be verbal. It is easy to show that simnltaneous
physical comtmunication is {weakly) dominated by sequential physical communication. With sequential com-
munication, the second stage of communication is always physical to avoid renegotiation (sec Section 3).

The first stage may be verbal or physical, corresponding respectively to the second and third classes.

17



For this commitment game, the principal’s strategy is to sclect a row of the menu of the
status quo contract contingently on the state ;. The agent’s strategyv is to select a column

of the menu of the accepted contract contingently on the state .

Note that with bilateral private information. a menu is a matrix that associates an action-
pair with each possible realization of f; and 0. Therefore. by reporting its state of nature
a player selects either a row (the principal) or a column (the agent) of the matrix. The
executed action-pair is that at the intersection of the selected row and column. Also note
that the two players report their information simultanecously. Simultancous reports (weakly)
dominate sequential reports since. in the former case, cach playver’s incentive constraints only
have to hold in expectation over the other player’s types. while in the latter case, for onc

player they have to hold for every tvpe of the other plaver.

Incentive-compatibility constraints for this commitment game are represented by the

following conditions.

(1) Tomel (0%a™) > 3wV (0F,a) v,y
(i) 32, p U (67,04, a7) > 32, p, U (0%, 04, 0%%) Vi’

As with one-sided private information. the presence of incentive-compatibility constraints
usually prevents playvers from achieving ex post efliciency. With full commitment not to
renegotiate the contract. such distortions can be implemented. If. however. players cannot
commit not to renegotiate, they have an incentive to eliminate such distortions once they
learn their private information. Rencgotiation can occur after the information has been
learned. but before plavers communicate (interim renegotiation). or it can occur after the
players have communicated (ex post rencgotiation). For the same reasons as above [ focus

on ex post renegotiation.

The following subsections characterize the set of renegotiation-proof allocations for differ-
ent communication structures or organizational forms. In each case. a renegotiation game is
defined. For a given renegotiation game I, | define the set of renegotiation-proof allocations

as follows.

Definition 3 A renegotiation-proof allocation for the I' game is an equilibrium al-
location of the ' game which is supporled by a status quo contract that is not renegoliaied

in stage 2.1 along the equilibrium path.



This generic definition is used throughout the analvsis. Note that 1 delay the comparison of

the different organizational structures to Section 3.

4.1 Centralized organization

[ first examine the case in which the two plavers commuunicate their information simulta-
ncously and verbally. She implements the action-pair dictated by the reported information
and the initial contract. It is as if the principal was retaining the rights to actions a; and aq

and centralizing all information.
For any outstanding contract ¢;. the plavers play the following renegotiation game. re-
ferred to as the C game (for centralized communication).
1. The principal observes the state ). and the agent observes the state (.
2. The principal selects a row ry € m{cy). and the agent selects a column ng € rm{eg).
2.1 The principal can offer a new contract ¢; to the agent.
2.2 The agent can then accept or reject this new ofler.
2.3 If the contract ¢, is accepted. the agent selects a column n; € m(e;).

3. The execcuted action-pair is that prescribed by the intersection of the row r and n of

the outstanding contract c.

For the C game, the principal’s strategy is 1o select a row of the menu of the status quo
contract contingently on the state #,; and to offer a new contract ¢; to the agent contingently
on the history of the game.!" The agent’s stratesy is to select a column of the menu of the
status quo contract contingently on the state fla: to accept or reject the renegotiation offer
contingently on the history of the game: and to scleet a column in the menu of the contract

¢ (if it has been accepted) contingently on the history of the game.

The following proposition provides a characterization of rencgotiation-proof allocations

for the C zame.

" Note that, without loss of generality, the principal can be constrained to offer a contract ¢; whose menu

has only one row since the agent’s preferences and the status quo outcome do not depend on 8.
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Proposition 3 An allocation is reneqotiation-proof for the C game if and only if il satisfies

the follounng constrainis.

() Yo meV (0, a™) > ¥, m (08, a™) Yoy

,, max Zye)'({ary’} )pr((}f,()g,ay)
Ohey(faer)) .
(ii) ¥, p,U(07,05,a™) > >, ¢ st N , Vo,
V(03,a%) > 1(04.a7) vyeV (o} )
V(03,0%) > V(03,0°) Yz el ({aryf}r)

,, max Xyé).({ﬂw,} )py[ (07.05. a¥)
{ }yi}:({nly’}r) ‘

(ii1) Z p U (07,08, a™") > 5.t Y,y
w({}) V{0t o) 2 V(g a) vyey({a])
V(05.0%) > V(Ba) Vi ey ({a})

where Y ({a"y'}r) - {y such that 03 € ©, and {a™}_ = {a”’}r}.

This proposition describes conditions that must be satisfied by any rencgotiation-proof allo-
cation of the C game. Conditions (1) represent standard incentive-compatibility constraints
for the agent. The set YV ({ary'}J contains agent types for which the equilibrium allocation
is a™ when the principal’s type is z. If the allocation is separating. this sct reduces to
a singleton. The third condition then states that, given that the principal and the agent
have reported truthfully their private information. it is not possible for the principal to in-
crease her expected utility (computed with her revised beliefs) by renegotiating to a surely
acceptable contract by the agent. that is. an incentive-compatible contract that increases the
agent’s pavoff regardless of his belicfs about the principal’s tyvpe. For example. if the alloca-
tion is scparating for a subsct of tvpes, conditions (iii} imply that it must be ex post cllicient
for all types in this subsct. Conditions (ii) require that, given the expected renegotiation
possibilities by the principal after reports are in, she reports her tvpe truthfully. The set of
conditions (ii) are more stringent than standard incentive-compatibility constraints because

the prospect of rencgotiation may increase the desirability of reporting falsely.!?

The constraints in Proposition 3 are generally more stringent than those in the fuli-

commitment case. Renegotiation allows the plavers to undo ex post some of the distortions

I2Note that condition (ii) for ' = » implies condition (iii). The latter are included for expositional

Purposcs.
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included ex ante to induce truth-telling. Consequently. the principal’s incentive constraints
become more stringent since she accounts for the possibility of rencgotiating when evaluat-
ing different reports. The lack of commitment therefore reduces the set of implementable

allocations compared with the full-commitment case.

Renegotiation has some effect because all verifiable communication is verbal. It is there-
fore easy to change the action-pair once communication has occurred. This may be partially
avoided by having one of the players communicating verbally and the other physically. This

is the object of the next subsection.

4.2 Hierarchical organization

In this section. [ consider the case in which one player first communicates verbally its in-
formation to the other plaver. and then. the other playver. on the basis of this report and
its own information, undertakes its action. Finally, the first plaver undertakes its action.
This organizational form is a mixed structure where some information is centralized throngh
verbal communication, while some 1s being decentralized through physical communication.
We can associate this organizational form with a hicrarchical structure. Such organizational
form 1s vulnerable to renegotiation after the first player verbally reports its information since
no action has vet been undertaken. Once one of the actions has been undertaken. however,

there is no reom for further renegotiation.

There arc two forms of hierarchical structure. First. the principal can communicate
verbally with the agent who then executes his action. followed by that of the principal.
Information is flowing down the hicravchy. from the principal to the agent. In this case.
rights over the action-pair are conferred to the agent. The pavoffs that he gets [rom exercizing
these rights, however, are contingent on the report by the principal. Second, the agent can
communicate verbally with the principal, who then executes her action followed by that of
the agent. Information is [lowing up the hicrarchy. from the agent to the principal. The
principal then retains the rights to the action-pair, with pavofls being contingent on the

agent’s report. These two cases are considered in turn.
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4.2.1 Verbal communication by the principal

For any status quo contract ¢y, the plavers play the following renegotiation game referred to

as the HP game (for hierarchical communication initiated by the principal).

1. The principal observes the state 1, and the agent observes the state 0.
2. The principal selects a row rg € m(cp).

2.1 The principal can offer a new contract ¢; to the agent.

2.2 The agent can then accept or reject this new offer.

3.1 The agent executes an action a, among all those available in the menu of the outstand-

ing contract.

3.2 The principal executes the action a; associated with the choice of a; in the menn of

the outstanding contract.

I'or the HP game, the principal’s strategy is to seleet a row of the menu of the status quo
contract contingently on the state ¢;. and to offer a new contract ¢ to the agent contingently
on the lﬁstory of the gzame. The agent’s strategy is to accept or reject the renegotiation offer
contingently on the history of the game, and to execute an action ¢, In the menu of the

outstanding contract.

The HP game differs from the C game in that the agent can physically communicate his
information to the principal after she has communicated verbally. Renegotiation can arise
after the principal has verbally communicated when players have not vet physically commit-
ted to one action-pair. ollowing the agent’s physical communication. no renegotiation can

arise since only the principal’s action can then be changed.

Proposition 4 An allocation is renegotiation-proof for the HP game if and only if it satisfies

the following constrainis.

(i) {V(O ) 2 V(08.a) Yy} v
maxg,.y 5, p,U (07, 03, a¥)
(i1) Sy, pU(0F, 05, a™) > st V{03, a¥) > V(08.a"Y) Yy Va.x
V{03, a%) > V(05,0 Yy
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Conditions (i) are simply the agent’s incentive-compatibility constraints. These constraints
are conditional on the principal’s information since the agent executes his action after
the principal has communicated her information. Conditions (ii) represent the principal’s
incentive-compatibility constraints taking into account the possibility for renegotiation. Fol-
lowing the principal’s report ', the contract specifies that the exccuted action-pair must be
part of the vector {a”y} . The right-hand-side of the equation then states that the principal
y
can always successfully renegotiate to another allocation {a¥} that is incentive compatible
for the agent (sccond set of constraints), and that he weakly prefers to this vector regard-
less of his private information and beliefs (first set of constraints). Any such offer is surely
acceptable by the agent since it increases his payofls regardless of his beliefs. Note that the
renegotiated ofler need not depend on @, since the agent executes the action as before the
principal can communicate. and his preferences are independent of ¢). Conditions (ii) then
say that the principal must weakly prefer truthfully reporting her information to misreport-
ing and renegotiating to a surely-acceptable offer. The principal’s incentive constraints hold
in expected terms over the agent's information since the principal reports before the agent

communicates,

There are two differences between the constraints in Proposition 4 and those in the
full-commitment case. Iirst. renegotiation makes the principal’s incentive constraints more
stringent as she must take into account the possibility of rencgotiating before reporting.
Second, the sequentiality of communication implies that the agent’s incentive-compatibility

constraints must hold contingently on the principal’s private information.

4.2.2 Verbal communication by the agent

I now consider the case in which the agent f{irst communicates verbally his information to

the principal, and then the principal physically communicates by executing her action.

Given a status quo contract ¢. the players play the following rencgotiation game referred

to as the HA game (for hierarchical communication initiated by the agent).

1. The principal observes the state ;. and the agent observes the state 0.
2. The agent selects a column ny € m(c).

2.1 The principal can offer a new contract ¢; to the agent.
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2.2 The agent can then accept or reject this new offer.

3.1 The principal executes an action a; among all thosce available in the menu of the

outstanding contract,

3.2 The agent exccutes the action ag associated with the choice of a; in the menu of the

outstanding contract,

For the HA game, the principal’s strategy is to offer a new contract ¢; to the agent con-
tingently on the state ¢ and the agent’s choice of a column in the menu of the status quo
contract. and to exccute the action a; prescribed by the menu of the appropriate outstanding
contract. The agent’s stratcgy is to select a column in the menu of the initial contract contin-
gently on his private information. and to accept or reject the renegotiation offer contingently

on the history of the game.

Proposition § An allocation is renegotiation-proof for the HA game if and only if it satisfies

the following constraints.

() YomV (05, a™) 2 3, 7V (05.0) Vy,y
(i1) Zye}‘({rﬂy'}x) p, L0705, a™) >
Max(,:) xyi).({aw,}r) p, U (07,05, %)
st V{05, 0%) >V (04.a®) Yz, Vye y({a”/}r)
> p,U(05,08,a%) > > p U005 0%) Yz,
ve¥({ar'})) vy ({ar'},)

Vo, y

(iti) S opUEneay > Y p U0 aY) Y L vy
vey({av'}) vy ({ar'} )

where Y ({ary’}r) — {y such that 05 € ©y and {a™¥}, = {ary’}r}'

The conditions imposed by this communication scheme are different from those in the 11P
game because the two players move in reverse order and thus face different information struc-
tures before playing. The first conditions are the usual incentive-compatibility constraints
for the agent which hold in expected terms over the principal’s information since the agent
reports before the principal communicates. The second conditions represent the principal’s

incentive-compatibility constraints. The principal executes her action after the agent has
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reported his information. The right-hand side of the incquality states that, from any alloca-
tion {ary'}r dictated by the agent’s report, the principal can alwayvs successfully rencgotiate
to an allocation {a*} that is incentive compatible for the principal and weakly preferred
by the agent regardless of his private information and beliefs. Note that the renegotiated
offer depends on @) as the agent’s perception of the status quo is contingent on it. It does
not. however. depend on 05 as the principal selects a; before the agent can communicate
again. The conditions (ii) then say that, conditional on his revised belicfs about the agent’s
type. the principal must weakly prefer to truthfully report her information and not renc-
gotiate rather than renegotiate to a surcly-acceptable offer. The conditions (iii) represent
standard incentive-compatibility constraints for the principal where the principal evaluates
each action-pair using her revised beliefs following the agent’s report. In particular, if the
allocation 1s separating for the agent types, these constraints reduce to standard ex post

incentive-compatibility constraints,

Again, a simple examination of the constraints in Proposition 5 reveals that one-sided
(=]
verbal communication and non-commitment reduce the set of implementable allocations

compared with the full-commitment case.

4.3 Decentralized organization

Section 3 illustrates how physical communication becomes a means of avoiding renceotia-
tion 1 the one-sided private-information case. 1 now investigate. for the bilateral private-
information case, whether a decentralized organizational form in which communication is
only physical and scquential can be helpful in reducing the losses associated with non-
commitment and renegotiation. The only relevant case 1s that in which the two plavers
take their action sequentially. The first player executes its action without any information
from the other player. The sccond player then undertakes its own action thus coordinating
somewhat on the information conveved by the first player’s choice of action. Clearly, such
structure dominates a structure in which the two players would choose their respective action
simultancously, and thus would have no opportunity to communicate with each other. It
should now be clear that such organizational form is not vulnerable to rencgotiation because

of the physical nature of communication.

There are two possible organizational forms. First, the principal can communicate phys-

ically by executing her action. and the agent then undertakes his action. Information is
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(physically) flowing down the hicrarchy, from the principal to the agent. In this case, the
principal retains all rights over the action-pair. Second, the agent can communicate physi-
cally by executing his action. and the principal then undertakes her action. Information is
flowing up the hierarchy, from the agent to the principal. The agent then gets the rights

over the action-pair.

The difference between the hierarchical and decentralized organizational forms is not in
the assignment of rights per se. but rather in the fact that. in the first case, the menu can
be contingent on one plaver’s report, while it cannot in the second case. The extent of

decentralization is therefore higher in the second case.

4.3.1 Physical communication by the principal

Given a status quo contract cu. the plavers play the following rencgotiation game referred to

as the DP game {decentralized communication initiated by the principal).

1. The principal observes the state ¢;. and the agent observes the state ;.
2. The principal executes an action a; among all those available in the menu m{cg).

3. The agent executes the action ay associated with the choice of a) in the menu m(cy).

For the DP game, the principal’s strategy is to select an action @, contingently on the state
1. The agent has no strategy since the contract is assumed to be enforceable. that is. the
agent has no choice but to execute the action a; assoclated with the action a; in the menu

of the outstanding contract.

The DP game differs from the previous games in that no verbal communication is re-
quired by the contract. The two players simply execute their respective action in turn.
The implemented allocation can only depend on the principal’s information. and thercefore
the menu of its associated contract only consists of a single column. Since renegotiation
cannot arise after the principal has physically communicated. the offered contract will be
rencgotiation-proof. It is then clear that renegotiation-proof allocations satisfy 1the following

incentive-compatibility conditions for the principal.

S P U070 a®) 2 Y p, U (07,08, a7) Va2
Y Y
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The avoidance of renegotiation through physical communication is achicved at the expense
of lower coordination of the information of the two playvers. The equilibrium allocation can

only depend on the principal’s private information and not on that of the agent.

4.3.2 Physical communication by the agent

[ now consider the case in which the agent communicates physically with the principal by

selecting his action first.

Given a status quo contract cg. the plavers play the following renegotiation game referred

to as the DA game (for decentralized communication initiated by the agent).

1. The principal observes the state #). and the agzent observes the state 0.
2. The agent executes an action ay all those available in the menu m{e).

3. The principal executes the action a, associated with the choice of ay in the menu m{cy).

For the DA game, the agent’s strategy is to select an action ay contingently on his information

f),. For the same reasons as in the preceding scction, the principal has no explicit stratesy,

The implemented allocation can only depend on the azent’s information since he selects
his action before the principal has any opportunity to communicate. The menu of the
contract consists of a single linc. Again, renegotiation cannot arise after the agent has
physically communicated. It is then clear that renegotiation-proof allocations satisfyv the

following incentive-compatibility conditions for the agent.
Z TV (05, a%) > > 7, V(05 a’) V.
I x

Note that these conditions are cquivalent to standard ex post incentive constraints since the
allocation and the agent’s preferences are independent of the principal’s information. As
before. renegotiation is avoided at the expense of lower coordination of the information of
the two players. With one-sided private information, such coordination is not relevant. and
decentralization is therefore the most preferred organizational form. With bilateral private
information. coordination of information may be important. The next section compares the

various organizational forms.
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5 Comparisons of the different organizational forms

The different organizational forms can be compared by endogenizing the status quo contract
with an initial proposal stage where the principal offers to the agent a contract which supports
a renegotiation-proof allocation. For the I game, the optimal initial contract offer supports

the following allocation.'®

2) b - arg MaX(grvje RP()  Sox Tr 2oy PyU (07, 03, a™¥)

st D me V{05, a%) >

where RP(I') represents the set of renegotiation-proof aliocations for the I' game for some

status quo contract ¢.

Before comparing the different organizational forms, [ shall mention that existence of
rencgotiation-proof allocations is not a problem in well-behaved environments. For exam-
ple. in single-crossing environments.' the set RP({I") is closed aud nonewpty. Hence, for

appropriate values of ¢ there would exist a solution to problem (2).

[ first analyze the extent of decentralization in organizations. Consider an optimal al-
location under complete decentratization to the agent (DA renegotiation game). 4, This
allocation is independent of the principal’s private information ¢#,. Consider now the hier-
archical organization in which the principal first communicates verbally (HP renegotiation
zame). In that game. the principal can always refrain from communicating any information
about #; by offering a contract consisting of a menu with identical rows. Iler verbal commu-
nication is then uninformative to the agent. and the resulting allocation is independent of ;.

There are two cases. First. suppose that the allocation ;74

is renegotiation-proof under the
[IP organizational form, that is, 424 € RP(ITP). The allocation P is then weakly domi-
nated by a solution to problem (2) for the HP game. Second. supposc that the allocation g2
is not rencgotiation-proof under the HP organizational form. that is. o ”*4 ¢ RP(/IP). Tt is

DA Therefore.

then possible to show that there exists an allocation pff that dominates g
decentralization to the agent is weakly dominated by the hierarchical organization in which

the principal communicates verbally.

A similar argument shows that an optimal allocation under complete decentralization to

the principal (DI’ rencgotiation game) is weakly dominated by that of the hicrarchical form

3Note that a similar analysis could be performed with ex post individuality constraints for the agent.
MThese environments are defined below.
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in which the agent f{irst communicates verbally {HA renegotiation game). We can thercfore

state the following proposition.

Proposition 6 A decentralized organization s always weakly dominated by an appropriate

hierarchical organizational form.

The intuition is that, if it is optimal for the principal to condition the allocation on only
one playver’s private information. then this may be achieved equally well by a hierarchical
organization as by a decentralized structure. If, to the contrary. it is not optimal to do so.
then a hierarchical organization performs strictly better than a decentralized structure since

it allows conditioning on the two plavers’ private information.

This proposition implies that the solution to the one-sided private-information case is
generally not robust to the introduction of bilateral private information. The trade-off
between coordination and decentralization generally requires some coordination. making

verbal communication an essential ingredient of an optimal organization.

A last remark on this result is in order. If one interprets the decentralization solution
as a market solution with a nonlinear price schedule. then this result says that market
arrangements can be optimal with one-sided private information. but may not be optimal
with bilateral private mformation. In this case. a contractual solution with information

exchange, that is, an organization weakly dominates the market solution.

[t then remains to compare the relative efliciency of the different communication channels
characterized in the previous section. To simplify the analysis. comparisons are made for

the class of single-crossing games with only two types of principal and agent.
Assumption 1

.(9i::{o},oﬁ}_

L] [,‘7(91,02,(11,02) E 1.1(0],0‘2._02) — .
V{0, ay,az) = v(ay) — e(az, 3).
o Uy, > 0.1, < 0.1, >0, 1, <0.

,‘uz

o —17./V,, is decreasing in 0.

29



o —U,, /U, is increasing in 0, for each value of 02, and monotone in 0y for each value

Oflgl.

These assumptions impose a scparable functional form between the action variable ay and the
transfer a,. risk neutrality for the principal. risk aversion for the agent, and single-crossing
conditions on the players’ preferences.

The characterization of optimal renegotiation-proof allocations depends on the relative

size of the marginal trade-off for the principal and the agent. [ consider two cases.!®

—‘;1'2(0[‘7') _1:'1?(0%[) 7['."'(12(01’0;2[1’.) _Lrag(gl:oéq:')
T - — < — — — for all 7.
TL611(011') ‘al(a'”*') l"al(ola()%-') L“'al(ol_-o:'zq-')
Nal0f ) V08, ) | (0005 —Un (008 )
"Eu(OLa') ‘mwg{ ) (-‘ra1(0130511') 6701(01705{’_)

Case P

Case &

for all 4.

[ first characterize the optimal organizational form for Case 7. Moreover, | make the fol-

lowing additional technical assumption.
Assumption 2 U, 5,4, <0.

Proposition 7 Assume that the preferences are depicted by Case . and that Assumptions

1 and 2 are satisfied. The hicrarchical structure HA is the preferred organizational form.

In Case P. the full-commitment solution to problem (2) is independent of the agent’s private
information. Both types of principal arc. however. separated. Tvpe £} has an optimal pooling
(over the agent’s types) allocation. that is. an allocation at the tangency of Eg,U(0F.0,,-)
and Fg,17(62,-). Type 08 separates from type 0 with a pooling {over the agent’s tvpes)
allocation that is distorted towards overproduction. The intuition for this characterization
is the following. Incentive compatibility and separation for the agent requires the higher
tvpe 05 to get a higher wage @ and take a higher level of action a, than the lower type 0%
This is. however. contrary to the principal’s interest who, in Case P. values marginally more
the action of the lower type #%. Separation is then too costly. and the resulting optimal

allocation is pooling over the agent’s type.'®

15Beaudry and Poitevin (1993) show how these cases relate to familiar signalling or screening games. For
example, Case 5 would include the Spence configuration, while Case P encompasses Rothschild and Stiglitz
insnurance framework, provided that these two games were generalized to bilateral private information.

¥With one-sided private information and a contimum of 1yvpes. a similar characterization obtained in
Guesnerie and Laffont {1981) and Greenwood and McAfee (1991).
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When the agent’s types are pooled. the problem reduces to a one-sided private-information
problem. It is then optimal to delegate decision-making to the playver whose information af-
fects the allocation, namely the principal. In the HA structure. the agent must first send
a message. Since the allocation is independent of his tvpe. his message is meaningless. and
the principal follows by executing the action corresponding to her type. Note that in Case
P. non-commitment puts no restriction in the IIA game. The implemented allocation g/t

1s also a full-commitment optimal allocation.

[ now consider Case 5. Case S differs from Case P in that the optimal allocation is

separating for the principal’s and the agent’s types in each organizational form.

Proposition 8 Assume that preferences are depicted by Clase S. and that Assumplion 1 is
satisfied.
(i) For the C game. the optimal allocation is the solution to the following mazimization

problem.

1C - are MaxX(gry) 2p Tz 2, p, U (07,0, a™)
S Same S, p (0 a7) > 0
SV (03, a7) 2 o w V(05 a7Y) Yy,

max, L[(0%,05. a
ZyPyU(OT,O%,aW) > Zypy e ( 1-Y24 )

, Vo, o
st V(05.0) > V(05,a"¥)

(it) For the HP game, the optimal allocation is the solution to the following mazimization

problems for all x.

i argmaxgey T, p,U (07, 05, a%)
5.t Zyjnyl'(()g1 a¥) > o —r,

V(03,00 2V (05,0") Yy.y

/

where

{TI} — arg HIHX{‘DI} 2:{‘ WILFI(pT)
st ZI TePr S 0
(‘"vr(p:r) > U‘T(pr.) V-T,T’
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where U (ry) is the mazximized value of the first mazimization problem and the function U7

is implicilly defined by:

t.-’r(-rxn) maxggyy >, p,U(07,05, %)
st V(03,0¥) > V{03, a" ¥ (r)) Yy
V(04 a¥) > V(0L a¥) Vy.y

where {a*¥(ry)}, is the mazimand of the first mazimization problem.
(iii) For the HA game, the oplimal allocalion is the solution to the following marimization

problems for all y.

,{Lf"" = argmax,y 2,7, U{0]. 05, a7)

st Y p V(05 aF) > v=ry
[.( :lrao‘” ) 4,‘(0:]1"0.2’03-’) V‘T“T’

where

{ry} = argmaxgr,y 2, 2 U7 (ry)
st 2,y 0
0=y 2 5wV (03, v (ry)) Yy

where U¥(r,} is the mazimized value of the first marimization problem. and {a™(r,)}_ is its

maximand.

Hierarchical organizational forms differ from the centralized form by having sequential com-
munication. The cost of sequential communication is that the incentive-compatibility con-
straints of the second playver to move have to hold for every state of the private information of
the other player. The benefit of sequential communication is that renegotiation takes place
under asvmmetric information. which allows 1o sustain ex post distortions. Proposition 8

illustrates precisely that trade-off.

Before discussing Proposition . it is useful to give some intuition about the full-commitment
problem.'™ The full-commitment problem can be rewritten as the following two maximiza-
tion problems. For cach r.

UF(reyer) = maxgqey 3, pyU (07,05, a¥)
s.L. Zypy"(f?é’,ay) Z U =Ty
V08, oty > V(0 at) — ¢,

"This discussion is partly based on Maskin and Tirole (1990).
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where the nonbinding type I’s incentive constraint has been omitted,

max,, ., Y, 7 U7 (re. cr)
s Y,y €0
Yoo <0
CFI(TI«_ Cr) 2 }:y pr( {10;a aIJ‘U(T:r’:Cr’)) VIT‘TI

where {a™(r,, c;)}, is the maximand of the first maximization problem. The full-commitment
contracting problem can be interpreted as a problem of trading slack in the participation
(r.) and incentive (c;) constraints of the agent for different values of 8 subject to feasibility

constraints on the amount traded and the principal’s incentive constraints.!®

The presence of renegotiation limits the amount of slack that can be traded. For example,
any slack 1n incentive constraints is renegotiated awayv once communication has occeurred.
This 1s precisely the intuition behind the characterization of the optimal allocation of cach

hierarchical forna.

In the HP game. because of renegotiation following the principal’s communication. no
slack is possible in the agent’s incentive constraints, that is. ¢, = 0 for all . The optimal
values for {r,} are then chosen subject to the agent’s participation constraint and the princi-
pal’s incentive constraint. These are the two constraints in the sccond maximization problem
of the proposition. The principal’s incentive constraints are different in the proposition since
they must take into account the possibility for rencgotiation. A tyvpe r principal reporting
x' can obtain UZ(r,) through rencgotiation. where this is defined in the last maximization
problem. Since renegotiation occurs after the agent learns his private information, onc par-
ticipation constraint for each y must hold. This implies that r, can be chosen differently
from 7, and still satisfy the principal’s incentive constraints. There mayv therefore be partial
insurance provided across the states ). Some insurance 1s also provided against 05 since ex
post distortions across the states )y can be sustained because the principal does not know

the agent’s tvpe when renegotiating.

Similarly. in the HA game. renegotiation following the agent’s communication results

in no slack being traded in the principal’s incentive constraints, that is. ¢, - 0 for all

BContrary to Maskin and Tirole’s analysis, the principal's incentive constraints mayv be binding here.
They do not bind in Maskin and Tirole’s model because the principal knows the state ; before offering
the contract. This limits, for insurance purposes, the cross-subsidization that can occur across the different

types of principal, and thus relaxes the incentive constraints.
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y.'® The optimal values for {r,} are then chosen subject to the agent’s participation and
incentive constraints. These are the two constramts in the second maximization problem
of the proposition. There may therefore be partial insurance provided across the states
2 depending on the interaction between the agent's incentive constraints and his demand
for insurance. Some insurance is also provided against @) since ex post distortions across
the states ¢, can be sustained because the agent does not know the principal’s tvpe when

renegotiating.

In summary, both hierarchical forms are quite similar. Iach one provides fairly good
insurance against one state, but bad insurance against the other state. which is the state on

which renegotiation is based.

The centralized form provides some insurance against both states as slack can be traded in
the participation as well as incentive constraints of the two plavers. The lncentive constraints
are, however. modified by the requirement that ali action-pairs must be ex post efficient. This

eliminates the amount of implicit insurance provided by ex post distortions.

The trade-off between a hierarchy and a centralized structure can be represented by the
trade-off between the diflerent insurance possibilities. On the one hand. ex post distortions
improve risk sharing. Such distortions can be sustained with a hierarchical structure but not
with a centralized form. On the other hand. incentive-compatibility constraints which hold
in expected terms (as in a centralized structure) provide a form of risk sharing that a hierar-
chical form cannot provide. The two forms of organizations present different possibilities for
insurance, and the trade-off between the two depends on the preferences and the variance of
the two players’ private information. I now look at this trade-off for some limiting cases.

[t 1s easy to sce from Proposition 8 that, regardless of the uncertainty on f;, the allocation

pF can be arbitrarily close to the full-commitment allocation when 0 is close enough to

0% Alternatively. regardless of the uncertainty on #). the allocation g+

can be arbitrarily
close to the full commitment allocation when 02 is close enough to 0. Furthermore. in each
case, the allocation 1% is bounded away from the full-commitment allocation. We therefore

have the following proposition.

Y¥The vector {r,.¢,} can be defined from the transformation of the full-commitment problem into two
maximization problems where slack is traded in the participation constraint of the agent and the incentive

constraints of the principal for different values of #; subject to the agent’s incentive constraints.



Proposition 9 Assume that the preferences are depicted by Case S, and that Assumption
1 1s satisfied. The hierarchical structure [P (11A4) is the preferred organizational form if 0}
(041 ) s close enough to 8% (0% ).

In a hierarchy, information should be flowing from the player who has the “least important”
information to the other player to minimize the costs associated with rencgotiation. Decision
making is decentralized to the player with the “most important” private information, where
the information is important if it influences significantly the action to be taken. For example,
if 8" is significantly different from 0f. presumably that the optimal action-pair is influenced

significantly by the value of 6.

A centralized organization is always dominated by an appropriate hicrarchical organi-
zation when 8/ is close to 6% for some i. When. however. the private information of both
plavers is important to the characterization of the optimal allocation. sequential communica-
tion becomes more costly in terms of lack of insurance against both states, and therefore the
centralized form should be the preferred organizational structure. A centralized organization
should then arise when all dimensions of private information are important to the efficiency

of the organization.

6 Conclusion

This paper offers a framework for studyving the trade-ofl between centralization and decen-
tralization. Typically, one associates with centralization a better coordination of all relevant
information in decision-making. It is also generally thought that centralization bears some
costs. This paper makes precise what the costs and the benefits of centralization are. The
costs of centralization come from the renegotiation of contracted allocations. while benefits
stem from the coordination of the decision on all available information.

An optimal organization must sctup formal communication channels through which in-
formation flows to the decision-maker. These channels offer the opportunity to renegotiate
contracts, and such renegotiation has some ex ante efficiency costs. Organizational form
then becomes a credible commitment to some communication channels that trade-ofl be-

tween coordination of information and its associated rencgotiation costs.

Finally. this analysis suggests that it may be hard to derive a general approach to
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asymmetric-information problems with non-commitment. The results of this paper show
that rencgotiation-proof constraints depend on the details of the organizational form, and
are likely to grow in complexity as the dimensions of the private information (and/or the size
of the organization) increase. A “Renegotiation-Proof Revelation Principle” thus appears
unreachable. The Revelation Principle is possible in a world with commitment because all
organizational forms require the common property of incentive-compatibility. Such common
property in renegotiation-proof environments has not been characterized vet. This explains

why one must proceed with a case-by-case analysis.
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APPENDIX

Proof of Proposition 2 The necessity part of the proposition is straightforward: all rencgotiation-

proof allocations must be incentive-compatible,

The proof of the sufficiency part consists in constructing strategies and beliefs that sup-
port any incentive-compatible allocation as an cquilibrium allocation that is not renegotiated

along the equilibrium path of the renegotiation game. Consider the following strategies and

beliefs.

Stage 2: The agent of type y selects his preferred action-pair in the menu. a¥ € m(c), and

execute the associated action ab.

Stage 2.1: Regardless of her beliefs. the principal makes no contract offer. Her beliefs are
. . .. . ' [
simply the Bayvesian revision of her prior concentrated on the set Y (ay ) where a¥ s

the selected pair by the agent.

Stage 2.2: The agent of tyvpe y accepts all contract offers which are weakly preferred to the

. ! .
allocation a¥ . and rejects all other offers.

Stage 2.3: The agent of type y selects his preferred allocation in the menu m(c,). and

execute the associated ag action,

It 15 clear that these strategics and beliefs form a PBLE of the renegotiation game. In stage
2. the agent anticipates no renegotiation. and he therefore chooses his favored clement in
the menu of the outstanding contract by executing its associated action ag. In stage 2.1,
the principal can do no better than not making any offer. since she knows that the agent
accepts only those contracts that are weakly worse off for her. Iinally, in stages 2.2 and 2.3,
the agent accepts all contracts that he weakly prefers to the status quo. and then seclects his

preferred element in the menu of the outstanding contract. QLD

Proof of Proposition 3 The first part of the proof shows that conditions (1)-(iii} must be
satisfied by any renegotiation-proof allocation for the C game.

Conditions (i) are standard incentive-compatibility constraints for the agent which. without
loss of generality, must be satisficd by any renegotiation-proof allocation.

Consider now the conditions (iii). Suppose one is not satisflied for a value of  and ¥’ in a

renegotiation-proof allocation. Renegotiation-proofness implies that, along the equilibrium
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path. following the reports & (the principal) and y’ {the agent). the action pair «®¥ must be
executed without being renegotiated. Consider the principal’s beliefs following the reports.
The principal must (Bayesian) revise her prior in the set Y ({ary’}r). Since the action-
pair a®¥ does not satisfy condition (iii). there must exist a vector of incentive-compatible

action-pairs {a¥} fory € Y ({a“’y’} ) such that

Y U@ 8,0Y) > Y pU07.05,a7),
wy({e),) wex(fa),)

and V{05, a¥) > V(03,0 ) for all y € Y ({ary’}r). Suppose that, in stage 2.1, the principal
offers to the agent a contract ¢; with mn{¢;) — {a¥} fory € ({a”'}x). BBy construction. the
agent should accept this contract regardless of his beliefs regarding the principal’s tvpe since
rejection would implement the action-pair @ which is strictly worse than an appropriately
chosen element of {a¥}. Acceptance of ¢; by the agent effectively induces the principal in
offering this contract, thus upsetting the equilibrium. Conditions (iii) must then be satisfied
by a renegotiation-proof allocation,

Consider now the conditions (ii). Suppose that one is not satisfied for a value of # and 2’
in a renegotiation-proof allocation, and that the principal of type r reports 2'. The interior
of the right-hand-side of condition (il) represents the maximum the principal of type x can
get by reporting ' when the agent reports 3. The principal can attain it by renegotiating
to an allocation that will surely be accepted by the agent regardless of his beliefs. (This
is casily shown by the same argument as above.) Summing these terms over ¥ gives the
expected utility the principal gets by reporting @’ before she knows what the agent will
report. If condition (ii) is not satisfied, the principal has an incentive to report x'. and
then rencgotiate to an allocation that will surely be accepted by the agent. Hence. any

rencgotiation-proof allocation must satisfly the conditions (it).

The next step in the proposition is to construct strategies and beliefs for the C game
that support any allocation satisfyving conditions (i)-(iii) as a renegotiation-proof allocation.

Consider the following strategies and beliefs.

Stage 2: The principal of type z reports truthfully. The agent of tvpe y reports truthfully.

Stage 2.1: If the principal has reported truthfully in stage 2, she makes no contract offer. If

she has misreported. she offers a contract supporting the solution to the right-haud-side
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of condition (ii). Her belicfs are simply the Bavesian revision of her prior concentrated

on the set Y ({a“’f}I).

Stage 2.2: Following the reports " and y'. the agent of type y accepts all contract offers
which are weakly preferred to the allocation @™ ¥, and rejeets all other offers. His beliefs
arc simply the Bayesian revision of his prior. Note that these beliefs are irrelevant for

the acceptance decision since the agent’s pavofl is independent of 6.

Stage 2.3: The agent of type y sclects his preferred allocation in the menu m(e;).

[t is clear that these strategics and beliefs constitute a PBE of the C game. If the contract
¢ 1s accepted, the agent sclects his preferred element in its associated menu. Given this
selection strategy. it is rational for the agent to accept those contracts that he weakly prefers
to the status quo action-pair a™¥ . Given this acceptance strategy, a principal tvpe that
has reported truthfully can do no better than make no offer since the status quo allocation
satisfies conditions (iii). A principal tvpe that has misreported offers her preferred contract
m the set of contracts that the agent weakly prefers to the status quo. that is. the solution
to the right-hand-side of condition (ii). Finally. given the ensuing resolution of the game
and given that the status quo allocation satisfies conditions (i} and (i1}, it is optimal for the

two players to report truthfully. Q.E.D.

Proof of Proposition 4 The first part of the proof shows that conditions (i)—(ii} must be
satisfied by any rencgotiation-proof allocation for the 1P game.

Conditions (i) are standard incentive-compatibility constraints for the agent which reflect
the sequentiality of decisions in the game. These constraints must naturally be satisfied by
any renegotiation-proof allocation.

Consider now the conditions (i1}, Suppose one is not satisflied for a value of 2 and =" in a
renegotiation-proof allocation. Renegotiation-proofness implies that. along the cquilibrium
path. upon reporting r (the principal). every executed action-pair in the vector {a.r-"}y is
not renegotiated. Since condition (ii) is not satisfied for x and z'. there exists an incentive-
compatible vector of action-pairs {a¥}  such that 3, p, U7(07,05,a") > 3, p,U(07,05, a™).
and V(0§,a¥) > V(63,a”¥) for all y. Suppose that the principal reports 2’ in stage 2. and
offers in stage 2.1 a contract ¢ with m(c) = {a¥}, Instage 2.2 it is a dominant strategy for
the agent to accept the contract ¢ because, by construction. this contract yields a strietly
better allocation for the agent regardless of his beliefs about the principal’s type. In stage

2.1, the principal then offers the contract ¢. which is preferred 1o the status quo contract.
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given that she has reported =’ in stage 2. In stage 2. the principal then has an incentive to
report 1’ and renegotiate since, by construction. this vields her a strictly higher expected
utility than reporting 7. IHence, all conditions (i1} must be satisfied by a renegotiation-proof

allocation for the HP game.

The next step in the proposition is to construct strategies and beliefs for the HP game
that support any allocation satisfving conditions (i)-(ii} as a renegotiation-proof allocation.

Consider the following strategies and beliefs.

Stage 2: Conditional on her type. the prineipal selects her preferred row in the menu m(cg).

Stage 2.1: Regardless of her type. the principal makes no contract offer if she has reported
truthfully. Otherwise. she oflers a contract supporting the solution to the right-hand-

side of condition (i1).

Stage 2.2 Conditional on his tvpe y and the principal’s report z. the agent accepts all
contract offers that are weakly preferred to a*¥ and rejects all other offers. Iis beliefs
are simply the Bayvesian revision of his prior. They are irrelevant for his acceptance

decision since his pavofl is independent of #.

Stage 3.1: The agent selects his preferred action-pair in the menu of the outstanding con-

tract, and execute the associated action ay.

It is clear that. if an allocation satisfies the conditions (i) -(il). these strategies and beliefs

form a PBE of the HP game. Q.FED.

Proof of Propesilion 5 The first part of the proof shows that conditions (i) {ii) must be
satisficd by any renegotiation-proof allocation for the 1A game,

Conditions (i) represent the agent’s incentive-compatibility constraints in expected terms
over the principal’s type since the agent sclects a column of the menu before the principal has
any chance of communicating her information to the agent. It is clear that these constraints
must be satisfied by any renegotiation-proof allocation for the HA game.

Consider now conditions (ii). Suppose one is not satisfied for a value of r and y' in a
renegotiation-proof allocation. Renegotiation-proofness implies that, along the equilibrium
path. following the agent’s report y'. every exceuted action-pair in the vector {a”‘y'}r is

not renegotiated. In stage 2.1, the principal Bayesian updates her prior over the support
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y ({a"y’} ) Since condition (i1} is not satisfied for x and 3. there exists a vector of action-
r

pairs {a*}_ such that

> pUOL 007 > Y p U008, a™),
ex({e)) wx((oy )

and V(0Y,a%) > V(05.a") for all z and y € y({a”’} ) Furthermore, this vector is

incentive compatible for the principal conditional on her revised beliefs. that is,

Z pul‘v(oiozvaz) > Z pyl"r((}i*()gta’:’)
vy ({a'},) vey({a'} )

for all z,2". Suppose that the principal offers a contract ¢ with m{¢) — {a”}, in stage 2.1,
By construction. this new contract strictly dominates the outstanding contract for the agent.,
and he therefore accepts it regardless of his beliefs at stage 2.2, Given this, the principat
indeed offers the contract ¢ after the agent has reported ' at stage 2. Hence, all conditions
(i1) must be satisflied by a rencgotiation-proof allocation for the A game.

I now consider the conditions (iii). These constraints state that, conditional on the principal’s
Bayesian updating of her prior following the agent’s report. the principal has an incentive to
report truthfully at stage 3.1, These constraints must be satisfied by any renegotiation-proof

allocation.

The next step in the proposition is to construct strategics and beliefs for the HA game
that support any allocation satisfving constraints (i)-(iii} as a renegotiation-proof allocation.

Consider the following strategies and beliefs.

Stage 2: Conditional on his type. the agent selects his preferred column in the memu m(cqg).

Stage 2.1: Regardless of her own type and the agent’s selection. the principal makes no
contract offer. Her beliefs are simply the Bayvesian revision of her prior concentrated

on the set Y ({a”’}r).

Stage 2.2 Conditional on his type y and his report y', the agent accepts all contract offers
that are weakly preferred to {(1”'}I for all 7. and rejects all other offers. The rejection
of an offer {a™}_ is supported by the beliefs that the principal has type 2 if 105, a%) <
V(0 a™v').



Stage 3.1: The principal selects her preferred action-pair in the column of the outstanding

contract and execute the associated action ay.

It 1s cledr that. if an allocation satisfies the constraints {i)- (iii). these strategies and beliefs

form a PBE of the HA game. QLD

Proof of Proposition 6 We first show that the allocation pg”# is weakly dominated by the allo-

1E of the HP game. Since P is independent of 0. its conditions for renegotiation-

DA

cation p
proofness are equivalent to conditions (1) in Proposition 4. Suppose {irst that P4 satisfies
conditions (ii) of Proposition 4. It would then be renegotiation-proof for the 1P game,
and the result would be proven. Now. suppose that pP* does not satisfy conditions (ii)
of Proposition 4. This implies that at least one type of principal can increase its expected
utility without decreasing that of the agent (and without violating the agent’s incentive
constraints). For each principal type 2'. compute the solution to the maximization prob-
lem of the right-hand-side of coustraints (i) in Proposition 4 with a™¥ - ,u.f". Since the
constraints of that maximization arc independent of 6. these solutions themselves satisfy
the principal’s incentive compatibility constraints (i} in Proposition 4. Furthermore, they

satisfy the agent’s incentive-compatibility constraints. This means that these solutions are

renegotiation-proof for the HP game. Since this allocation is strictly better than p”*, the
resitlt is proven.
I now show that the allocation P = {a®}, of the DP game is weakly dominated

DpP

by the allocation p*# of the HA game. Since p”7 is independent of ;. its conditions for

renegotiation-proofness are equivalent to conditions (iii) in Proposition 3. Second. conditions

P

(i) of Proposition 5 are also satisfied for g”# since it is independent of #,. Finally. by

definition we have:

) — ~ f ok !
,u’ P arg maX{aI} Z:r Ty L!‘, puE ( f, ;, CII)

st X mey, p b (05.07) >
YL, U (07, 05,a%) 2 5, p,U(67.04.a) Yoz,

Suppose that PP does not satisly condition (ii) for some «'. This implics that
Dop U7 05,07 ) > D p, U067, 65, a7)
y ¥

where {a.}, solves the right-hand-side of condition (ii) for = 7’. This can only be possible

!

if an incentive constraint is binding at a® for a type #”. Otherwise, the principal cannot
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increase her expected pavoft without decrcasing that of the agent in some state . This
implies that 37, p U070, 07") > Eypr(O'f”,6’5_,"1 a®") for this incentive constraint to still
be satisfied. If no incentive constraint is binding at ¢®". then this inequality cannot hold
while at the same time maintaining agent 2 as well ofl in all states y. Il an incentive constraint
is binding at a” . then the previous argument is repeated until no incentive constraints are
binding. at which point a contradiction is recached. This implies that 27 must satisfyv
conditions (ii). It is therefore renegotiation-proof for the 1A game. Consequently, it is

weakly dominated by the allocation g/ of the A game. Q.E.D.

Proof of Proposition 7 (1) The f{irst step in the proof is to compute the full-commitment
allocation for a given value for 0. The next step is then to characterize the optimal full-

commitment allocation. Finally. I show that the IHIA same supports this allocation.

Consider the following maximization problem.

maxiey o, Pyl (01,05, a¥)
st L,pV (05, >0
V(05 . a") > V(0F oty
V(g at) > V0, 0t

(3)

The necessary first-order conditions are:
at . —=pp 4 Appv'{al) + vp(at) — v (ak) = 0
as . prue,(01,05,a5) — Aprea, (ak 0F) — vpeq, (ad 05) 4 e, (ak 04) - 0

af © =(L=pr) + AL = pop'(a]’) — vpe'(all) + vy’ (af’) — 0

az’ o (1= pr)ue, (01,057, a3") — M1 — pr)ea,(ag . 051) + vpeay (adf, 05 ) — vpyea, (aff 0F) = 0
where A, ¥y, and 'y are the respective multipliers of the three constraints.

First. suppose that the allocation is separating. Incentive compatibility implies that a? < aff
for e - 1,2. There are two cases. Either vy > 0 and vy = 0. or vy = 0 and vy > 0.
Suppose first that vy > 0 and vy = 0. The first and third first-order conditions. the concav-
ity of v and incentive compatibility imply that p,/(Ap; + ) > (L—p) /(A1 = pr) — vr).
But this implies that vp < 0. a contradiction.

Supposc now that vy = 0 and vy > 0. The last two first-order conditions imply that
Uy, (0108 all) — e, (al, 02) /2 (af") = 0. which in turn means that tyvpe /f is ex post cffi-
cient. Simple manipulations of first-order conditions yvield: Apy - (pr + vye'(ar))/v'(al)

and vy = pr{l — po)(v'(ak) — '(a!)) /(' {a! ) (aF)). Substituting for these expressions in



the first-order condition for af yields (after some manipulations):
1 ]

my L
(ar’)  v'{ar)

and V4,9, < 0 (the single-crossing assumption on 17), the last term is

ey (01, 05, b Y=o (ak, 0£) /1" (@) (1) { } (ear (0, 08) — ey (ak, 05)) = 0.

Because a{{ > af’

negative. This implies that ug, (0), 05, ak) — e,,(ak, 05)/0'(aF) > 0. which means that tvpe
L is underproducing compared to his ex post eflicient locus. Further manipulations of the

same equation yvield:

1 1

v(af)  o(alf)

Because aff > al, the last term is positive. This implics that

Ua, (0105 H aé) —Ca, (aédagér‘)/t"(a‘lq)"} { ] (gplcaz ((15,05} - (1 - pL)eaz(aéjr 0?))

Uay (01,05, 0k ) — eq {ak, 05) /2 (alf) < 0, which means that type L would be overproducing at
(a‘lq, aL) Furthermore. the assumption for Case £ implies that, for any given transfer a;.
the ex post efficient level of ay is always greater for type L than for tvpe f1. There is therefore
a contradiction: given that type f/ is ex post efficient and type L is underproducing. type L
cannot be overproducing at (a‘ll{ rxf). Hence. the optimal allocation cannot be separating.
This pobling result is useful to characterize the full-commitment allocation when 8, is the

principal’s private information.

(2) The second step of the proof is to compute this full-commitment allocation. Consider

the {ollowing maximization problem.

max(gry) 2, Tr 2, P, U0, 05, a®¥)
st Y, ), p V(0. a™) > ¢
e V(08 0"y 2 5w V(05 a7
Zrﬂr"(oh’ aIH} > E T I'(OH a“")
2, Pl (9" 5, a) 232, p,U(0F, 03, a"')
2, U017, 05, a) > 37 p,U (9”~ 2, atv)

It is casy to show that the type /! principal’s incentive constraint is not binding. This
is due to the fact that the principal is risk neutral. the agent. risk averse, and the type
H principal values a; more than type L. These assumptions imply that, under symmetric
information for 1. the transfer would be constant, and az would be higher for 0 than 0F.
Under asymmetric information for ). the type L principal would therefore like to mimic type

IT. Tt follows that the type II’s allocation must be distorted to satisfv type L's incentive

46



constraint. This implies that type L’s allocation is not distorted because of the presence of
asvmmetric information about #;. It is therefore independent of the agent’s type as shown
in the first step of the proof. Now. consider the necessary first-order conditions to problem

(4) for a''L and ™'

ﬂ{”‘ L —pLTH + /\PLTFI{?”(G‘{{L) - LZ'LWJH’I(G{”‘) - 'U'HWH’L"(G{{L) +oryp, =0
allt . prmpua, (00,05 aflt) — Appwpreg, (a7 05) — VLT 1€a, (@l ¥, 0F)

F T oy (A E08) — Ompprute, (0F, 05 alf*) = 0
al = —(1—p w4 A1 = pr)rpe' (@) — vpmp'(al™)

tugmpt(af ) + om(1 —pL) = 0

s (1= P (01,05 a1y = (1 = p)ear(ad 7 0F) + ermieas e 05)

T Cay (@ 0y — om g (1 = ppug, (00,05 . ad) =0
where A, ¢, vy, and 750 are the respective multipliers of the first four constraints. the last
not being binding by the above argument. These first-order conditions are similar to those
of problem (3} when U is replaced by U{017,-} — oU(0f,-). Furthermore. it is casy to show

that the first-order conditions imply 0 < o < 1.

Under Assumption 2. the function I7(01.) — oU(07.-} inherits the same single-crossing
property as U. as well as preserving the characterization of Case P. Applying step one of the
proof then implies that the type /1 principal’s allocation must be independent of the agent’s
type. To scparate itself from type L. type /I distorts her allocation by pooling the agent’s
tvpes rather than separating them. The [ull-commitment allocation is then independent of

the agent’s type.

(3) The last step is to argue that the communication structure HA can implement the
full-commitment allocation. The first two steps of the proof have shown that the problem is
reduced to a one-sided asymmetric-information environment. The results of Section 3 show
that it is optimal to delegate decision making to the informed agent. The ITA structure
achieves. this by having the principal executing her action before the agent. The agent’s
prior message is essentially meaningless given that the allocation is independent of his type.

Q.E.D.

Proof of Proposition 8 (1) It is easv to show that the allocation p© is separating. Any

) E g2 }

pooling of a subset of types of the principal or agent is renegotiated. This results directly

from the single-crossing assumptions and the Case S assumption. Given full separation. the
& & p

incentive constraints in the maximization problem of the proposition simply corresponds to

the conditions in Proposition 3.
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(ii) I first provide an upper bound on the expected utility of the principal in the HP game
by imposing on the full commitment problem necessary conditions for HP renegotiation-
proofness. The full-commitment problem can be rewritten as the following sequence of

maximization problems. For cach .

(:’VJ:(T'I’ Cr) — MaX{qu} 2, p, U {07, Y. a¥)
8.t Zy pyl'(()g’ay) 2 U =7y
V(05 ™) 2 V(05 a") — e

where the nonbinding incentive constraint has been omitted.?”

maXy, ., 2.r WICIT(TIH Cy)
st Y, ., <0
2T <0
(7 (i ca) > 35, U (07 04,67 (e 2)) Y.

where {a™¥(r,, cr)}y is the maximand of the first maximization problem. For similar reasons
as above, the optimal allocation p#* is separating. Rencgotiation proofness in the HP game
implies that ¢, — 0 for all z. Suppose that there exists a type o such that ¢+ < (1. Following
her report, the type 2’ principal could always successfully renegotiate such slack until the
incentive constraint becomes strictly binding. This implies that ¢, > 0 for all x. Since the
feasibility constraint savs that 3, @ ¢, < 0. it follows that ¢, — 0 for all . The next step 1s
to show that the principal’s incentive-compatibility constraints are modified by renegotiation
and should be expressed as in the statement of the proposition. Suppose the type o principal
mimics type 7', Tvpe = knows she can renegotiate from the type ' allocation. As shown in
Proposition 4. such renegotiation yvields U7 (). where U* is defined in Proposition * and
replicates condition (ii) of Proposition 4. The principal’s incentive constraiut must then be
U (ry,0) = U (%) > U'*{r.). This shows that the maximization problems in Proposition 8

give an upper bound to the principal’s expected ntility in the HP game.

I now argue that this upper bound is renegotiation-proof in the HP game. Consider the
conditions in Propesition 4. Conditions (i) are trivially satisfied by the characterization in
the proposition. Conditions (ii) are also satisfied. First. conditions {ii) for ¥ = 1’ are satisficd
by the first maximization problem. Second. for » / r'. a mimicking principal can obtain

U(rw). The constraint 7% (r,) > [7=(r,) then corresponds to condition (ii). Conditions

2074, is straightforward 1o show that tyvpe L's incentive constraint is not binding.
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(i) are then satisfied by the solution defined in the proposition. The upper bound 1s HP

renegotiation-proof. This completes this part of the proof.

(iii) 1 first provide an upper bound on the expected utility of the principal in the H A game
by imposing on the full-commitment problem necessary conditions for HA renegotiation-
proofness. The full commitment problem can be rewritten as the following sequence of

maximization problems. For cach y.

6ry(ryacy) = MaX(ge} 2oz 7{1[-'(0{,()‘12",01)
st D, p NV (05,07) >0 -1y
U(OF, 05, ab) > U(0F, 05, a™) — ¢,

where the nonbinding tvpe I1's incentive constraint has been omitted.

max, ., 2, U1y cy)
st 2,pry <0
2oy Py S 0
=Ty z Zzﬂrly( ‘gréry’(ry':cy')) Vy.y

where {@*¥{r,,¢,)}. is the maximand of the first maximization problem. For similar reasons
as above, the optimal allocation pf?! is separating. I now show that renegotiation proolness
in the HA form implies that ¢, = 0 for all y. Suppose that there exists a type y' such that
¢, < 0. Following the agent’s report y'. the principal could always successfully renegotiate
such slack until her incentive constraint becomes strictly binding. This implies that ¢, > 0
for all y. Since the feasibility constraint says that 3, pye, < 0.1t follows that ¢, = 0 for all y.
These restrictions imply that the full-commitment problem reduces 1o the maximization in
the proposition, which then provides an upper bound on the expected utility of the principal

in the HA game.

[ now argue that this upper bound is renegotiation-proof in the HA game. Consider
the conditions in Proposition 5. Conditions (i} and (iii) are incentive constraints which are
satisfied by the characterization in the proposition. Conditions (i) are also satisfied. This
can be shown using a similar argument as that emploved in the last part of the proofl of

Proposition 6. The upper bound is HA rencgotiation-proof. Q.LD.



