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Abstract

A the present paper we show that messages may improve efficiency even in
model of complete information. Messages are useful two main reasons. First,
if the principal is not allowed to use stochastic mechanisms, mechanisms with
messages can induced mixed strategies and hence indirectly a stochastic outcome.
Second, even if stochastic mechanisms are allowed, messages can allow correlation
between efforts and outcome. We then argue that indirect mechanisms can be
interpreted as delegation and show how simple indirect mechanisms can improve
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1 Introduction

In games with a single principal and several agents, the revelation principle is a well-

established result. Stated in terms of payoffs, it guarantees that every equilibrium

outcome of any communication mechanism can be also supported by an equivalent

incentive-compatible mechanism. Individuals’ rational behaviors in any coordination

mechanism can therefore be characterized without any loss of generality by restricting

attention to the set of incentive-compatible mechanisms.1

This paper analyzes the situation where a single principal strategically interacts with

many agents in a scenario of pure moral hazard. That is, thereis complete information

about agents’ types but every agent can take some non-contractible action affecting all

other players’ payoffs. In this context Attar, Campioni, Piaser, and Rajan (2007) argue

that stochastic mechanisms and private recommendations sent by the principal to each

single agent are necessary features for the revelation principle to go through in these

contexts.2

In the present article, we aim at showing why the previous is relevant. Most appli-

cations of mechanism design to moral hazard problems with many agents restrict the

analysis to deterministic (direct) mechanisms and ignore any form of communication

from the principal to agents. This restriction is with loss of generality. If communi-

cation is allowed, players can coordinate on equilibrium outcomes that would not be

achievable otherwise. Interestingly, we are also able to show that there are situations

where the explicit introduction of communication has a welfare enhancing effect.

We develop our argument through two examples. Our first example shows that

whenever private recommendations to agents are not explicitly considered, it is pos-

sible to introduce a communication mechanism which supports additional equilibrium

outcomes. In particular, the example is casted in a standardsetting, with the principal

being an utilitarian government. It turns out that, by properly designing communication,

1See Gibbard (1973), Green and Laffont (1977), Dasgupta, Hammond, and Maskin (1979), Myerson
(1979) and, for generalized principal-agent games, see Myerson (1982).

2Concerning the role of lotteries, Strausz (2003) shows a similar result in the context of incomplete
information games.
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the principal can eventually achieve the first best outcome,which was not feasible when

"simple" mechanisms are considered.

Our second example example shows that in a production model,communication

through message (or delegation) can be welfare improving. Byletting one agent to

choose the compensation scheme, the principal give to the other agent more incentives.

2 A general set-up

There is one principal dealing withI ≥ 2 agents. LetY be a set of deterministic allo-

cations available to the principal, with typical elementy∈Y. An allocation can be, for

example, a monetary transfer, a tax rate, price, or quantity, depending on the specific

application we are interested in. In particular, the principal can select any allocation in

the set∆(Y), i.e. in the set of lotteries that can be generated overY.

The agents have no relevant types. Each agenti ∈ I chooses an unobservable effort

ei ∈ Ei, whereEi is a finite set.3 Therefore, the model is one of pure moral hazard. We

denote the vector of efforts ase=
(

e1,e2, ...,eI
)

∈ E = ×I
i=1Ei.

We use the general communication structure for principal-agent models introduced

by Myerson (1982). The principal chooses a message spaceMi and a recommendation

spaceRi for each agent, and an allocation rule. For simplicity, takeMi andRi to be fi-

nite. Denote withM =×I
i=1Mi andR=×I

i=1Ri. The allocations and recommendations

chosen by the principal depend on the messages received fromthe agents. The prin-

cipal’s behavior is hence described by the choice ruleπ : M → ∆(Y×R). That is, the

principal may choose a lottery over allocations and recommendations for some message

arraym= (m1,m2, . . . ,mI ).

Recommendations can be private, which guarantees that the principal may induce a

correlated equilibrium in the continuation game in which agents choose efforts.

A mechanism offered by the principal is thus given byγ = (M,R,π). Mechanisms

are publicly observed, and the principal commits to his mechanism before the agents

send messages.

3We abuse notation in referring to the set of agents and its cardinality with I .
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There are two stages at which agenti moves in the game. First, she sends a message

mi to the principal. Then, after observing only her private recommendationsr i, she

chooses an effortei ∈ Ei. Given the offered mechanisms, letµi ∈ ∆
(

Mi
)

denote the

message strategy of agenti, and letδi : Mi ×Ri → ∆
(

Ei
)

be her strategy in the effort

game.

Agenti’s payoff from a final outcome(y,e) is given by the von Neumann–Morgenstern

utility function U i(y,e) and principal’s payoff byV(y,e).

In this complete information framework, a direct mechanismis simply a probability

distribution over allocation and efforts, i.e.π̃ ∈ ∆(Y×E). The principal does not solicit

messages from the agents, and directly suggests the actionsthey should take. That is,

Mi = /0 andRi = Ei for everyi ∈ I . A mixed strategy for an agent in a direct mechanism

is given byδ̃i : Ei → ∆
(

Ei
)

.

A direct mechanism is hence defined by( /0,E, π̃), whereπ̃ ∈ ∆(Y×E). Let ΓD be

the direct mechanism game among the principals. LetΓG be the indirect mechanism

game, in which the principal chooses(M,R,π), and each agenti plays a strategy pair

(µi ,δi).

In the following discussion we will often refer to deterministic mechanisms, i.e. to

those mechanisms in which the allocation rule is deterministic. When the choice of

allocations is deterministic, a mechanism is characterized by π : M →Y×∆(R), where

M is the message space andR the recommendation space. A direct mechanism with

deterministic allocations is defined by a lotteryπ̃ ∈Y×∆(E).

3 A First Example

Take one principal andI = 2 agents. LetY = {y1,y2,y3,y4}, E1 = {a1,a2} andE2 =

{b1,b2} be the relevant sets of decisions for the principal and the agents, respectively.

The corresponding payoffs are represented in the followingmatrices.
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y = y1

b1 b2

a1 (2,1,1) (10,8,2)

a2 (4,2,2) (15,5,10)

y = y2

b1 b2

a1 (4,2,2) (2,1,1)

a2 (15,10,5) (10,2,8)

y = y3

b1 b2

a1 (10,2,8) (15,10,5)

a2 (2,1,1) (4,2,2)

y = y4

b1 b2

a1 (15,5,10) (4,2,2)

a2 (10,8,2) (2,1,1)

Notice that for every array of efforts(a,b), the principal payoff turns out to be the

sum of the agents’ ones.

Let us first consider the direct mechanism game in which the principal does not use

communication, so thatR1 = R2 = /0. This mechanism is a simple take-it or leave-it

offer of the principal to the agent. In addition, suppose that the principal can choose

lotteries over allocations, so thaty = ∑
i∈{1,...,4}

piyi, with pi ∈ [0,1] being the probability

thatyi is chosen (of course, ∑
i∈{1,...,4}

pi = 1). Consider that the principal chooses in that

class of mechanisms the one characterized byp1 = 1. In other words, he announces

that he will take the decisiony1 for sure. The corresponding effort game for the agents

would be:

b1 b2

a1 (2,1,1) (10,8,2)

a2 (4,2,2) (15,5,10)

The sub-game above exhibits an unique equilibrium, agent 1 plays a1 and agent 2

plays b2. Thus, the considered mechanism gives a payoff of 10 to the principal. A

similar argument applies for any deterministic mechanismsof this type.

It is also immediate to see that no stochastic mechanism can give to the principal a

payoff of 15.
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Now, consider the following indirect mechanism. The principal communicates with

both agents 1 and 2 through the message spacesM1 = M2 = {m1,m2}. We maintain the

assumption thatR1 = R2 = /0. Allocations are determined in the following rule:

• If both agents send the messagem1, the principal selectsy1.

• If agent 1 sendsm1 and agent 2m2, the principal selectsy2.

• If agent 1 sendsm2 and agent 2m1, the principal selectsy3.

• If both agents sendm2, the principal selectsy4.

This communication mechanism induces a simultaneous-movegame among agents,

which can be represented as follows:

(m1,b1) (m1,b2) (m2,b1) (m2,b2)

(m1,a1) (2,1,1) (10,8,2) (4,2,2) (2,1,1)

(m1,a2) (4,2,2) (15,5,10) (15,10,5) (10,2,8)

(m2,a1) (10,2,8) (15,10,5) (15,5,10) (4,2,2)

(m2,a2) (2,1,1) (4,2,2) (10,8,2) (2,1,1)

In this game, there is no equilibrium in pure strategies. Thegame has the following

Nash equilibrium:

• Agent 1 mixes between(m1,a2) and(m2,a1), with probabilities1/2 and 1/2.

• Agent 2 mixes between(m1,b2) and(m2,b1), with probabilities1/2 and 1/2

Clearly, these two strategies constitute an equilibrium, and moreover this equilib-

rium is unique. At equilibrium, the principal gets a payoff of 15.

In this equilibrium the principal uses communication devices to extract some private

information from the agents, thereby sustaining a correlated outcome over allocations

and efforts.

Proposition 1 In models of pure moral hazard, equilibria characterized through take-it

or leave-it offers might not be robust to the introduction ofindirect mechanisms.

6



Our proposition can be interpreted in different ways. First, it shows that one can-

not assimilate take-it or leave-it offers to direct mechanisms. In economies with moral

hazard, direct mechanisms must give to the principal the possibility to use private rec-

ommendations. As our example shows, the take-it or leave-itoffer fails to create a

correlation between the principal’s decisionsy and the agents’ efforts.

Such correlation can be replicated in the direct mechanism only if the principal sends

recommendations. In this case, the principal can achieve a payoff of 15 in a direct mech-

anism game where each agent finds it rational to follow her ownprivate recommenda-

tions. A direct mechanism with recommendations in this example may be characterized

as a functionπ : Y×E1×E2 → [0,1], whereπ(y,a,b) is the probability that principal 1

chooses allocationy and recommends efforta to Agent 1 andb to Agent 2.

In the equilibrium of the indirect mechanism above, the resultant distribution over

allocations and efforts is:π(y4,a1,b1) = π(y1,a2,b2) = π(y3,a1,b2) = π(y2,a2,b1) =

1/4.

Suppose the principal plays this strategy in the direct mechanism. That is, the prin-

cipal chooses allocations and efforts according toπ(·), and announces the resulting

recommendations to the agents.

It is straightforward to check that neither agent has an incentive to deviate, so the

mechanism is incentive compatible. For example, when agent2 is told “b2”, his poste-

rior beliefs place probability1/2 on (y1,a2) and 1/2 on (y3,a1). Given these beliefs,b2

is a best response.

The principal’s expected payoff from the indirect mechanism is 15. That is, the

principal earns a payoff which is strictly greater than any payoff achievable through

direct mechanisms.

The second interpretation of our proposition is a positive one. As clarified in the

introduction there is a sense in which if the Revelation Principle fails, there is room

for delegation. Hence, delegation may be relevant in model of moral hazard with many

agents with the additional restriction that the principal is allowed to use deterministic

mechanisms, only.

In our example, since the preferences of the principal represent the economy’s so-

cial surplus, using recommendations the principal achieves a first best allocation. This

outcome can be supported through direct mechanisms only if the principal is allowed
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to offer stochastic mechanisms. Correlation is achieved through recommendations, that

need to be stochastic (and private).4

In many models of economic interest, stochastic mechanismsare not considered

realistic. For example, Laffont and Martimort (2002) indicate that:"The enforcement

of such stochastic mechanisms in a bilateral one-shot relationship is thus particularly

problematic. This has led scholars to give up those random mechanisms or, at least,

to focus on economic setting where they are not optimal".5 Hence, if we follow this

indication we cannot rely on simple (but stochastic) directmechanisms to characterize

equilibria in moral hazard games. In this case, indirect mechanisms may outperform

direct ones.

In the next section we present how message-based mechanismscan be welfare im-

proving for the principal in a moral hazard case of economic interest.

4 Profit maximization under moral hazard

We consider a principal who wants to maximize his profit. Thisprofit is equal to the

total production, which is risky. This example fits with models of fixed investment, and

binary production outcomes, where production can be eitherf > 0 in case of success or

0 in case of failure. The probability of success depends on the combined efforts made

by the agents (agent 1 and agent 2, respectively). We denotep
(

e1,e2
)

the probability

of success, wheree1 (resp. e2) is the effort of agent 1 (agent 2). The effortse1 and

e2 belong to the setE = {e1,e2}, which is the same for the two agents;e1 ande2 are

two real numbers, withe1 < e2. The probability of success is increasing in both its

arguments and it is symmetric:p(e1,e2) = p(e2,e1). We denote withT1 andT2 the

compensations that the agents receive from the principal incase of success. Agents are

protected by limited liability and hence the principal cannot asked them any contribution

in case of failure of the project.

4If the principal is forced to send recommendations deterministically, then no correlation can be cre-
ated through decisions and efforts.

5Laffont and Martimort (2002, Chap 2, p. 67). Their argument is formulated for single agent models
but, of course, applies in our multiple agent setting.
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All players have linear preferences, represented by the following functions. The

principal’s utility function is then:

V =
(

f −T1−T2) p
(

e1,e2) . (1)

Agent 1’s utility function is

u1 = p
(

e1,e2)T1−e1, (2)

and agent 2 has a similar utility function

u2 = p
(

e1,e2)T2−e2. (3)

We define the "first best" compensationT∗, i.e. the compensation such that each agent

is choosinge2 as effort and getting zero utility,

p(e2,e2)T∗−e2 = 0 (4)

that is,

T∗ =
e2

p(e2,e2)
. (5)

The compensatioñT is defined as the compensation such thate2 is incentive compatible

for agent 1 when agent 2 usese2,

p(e2,e2) T̃ −e2 = p(e1,e2) T̃ −e1 (6)

hence,

T̃ =
e2−e1

p(e2,e2)− p(e1,e2)
. (7)

The compensatioňT is defined as the compensation such thate2 is incentive com-

patible for agent 1 when agent 2 usese1,

p(e2,e1) Ť −e2 = p(e1,e1) Ť −e1 (8)
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thus,

Ť =
e2−e1

p(e2,e1)− p(e1,e1)
. (9)

Given the probability of success is symmetric,T̃ and Ť can be characterized for

agent 2 given the behavior of agent 1. To make the problem interesting, we assume that:

p(e1,e2)T∗−e1 > p(e2,e2)T∗−e2, (10)

and

(

f −2T̃
)

p(e2,e2) >

[

f − Ť −
e1

p(e1,e2)

]

p(e1,e2) > ( f −2e1) p(e1,e1) , (11)

which is satisfied iff is high enough.

Lemma 1 If communication is not allowed and if f is high enough, the compensation

policy
(

T̃, T̃
)

is the optimal compensation policy.

Proof. Suppose not. Hence it exists a compensation policy(T1,T2) giving more ex-

pected profit to the principal.

First inequalities (11) ensure that if the compensation policy (T1,T2) induces pure

strategies equilibrium in the agent’s game, then it cannot be more profitable than
(

T̃, T̃
)

.

If the compensation policy(T1,T2) induce a mixed strategy equilibrium, then the

principal’s profit can be written as

π1π2 ( f −T1−T2) p(e2,e2)+(1−π1) (1−π2) ( f −T1−T2) p(e1,e1)

+(1−π1) π2 ( f −T1−T2) p(e1,e2)+π1 (1−π2) ( f −T1−T2) p(e2,e1) ,
(12)

whereπ1 andpi2 are respectively the probability of agent 1 and agent 2 to play e2. If f

is high the preceding profit is smaller than
(

f −2T̃
)

p(e2,e2).

Now let us construct an indirect mechanism that gives to the principal a higher pay-

off than what he can get using mechanisms with no communication.
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Given a probabilityπ∈ (0,1), let us definêT as the compensation such that if agent 1

randomizes overe1 ande2 with probabilityπ and 1−π, agent 2 is indifferent between

her effort choices if and only if:

π p(e1,e1) T̂ −πe1 +(1−π) p(e1,e2) T∗− (1−π) e1

= πT̂ p(e1,e2)−πe2 +(1−π)T∗p(e2,e2)− (1−π) e2.
(13)

From the equation above, we can get an explicit expression for T̂:

T̂ =
e1−e2 +(1−π)T∗p(e2,e2)− (1−π) T∗ p(e1,e2)

π p(e1,e1)−π p(e1,e2)
. (14)

From the equation (13), we can also get an explicit expression for π, givenT̂:

π =
T∗ [p(e2,e2)− p(e1,e2)]−e2 +e1

T∗ [p(e2,e2)− p(e1,e2)]− T̂ [p(e1,e2)− p(e1,e1)]
. (15)

The probabilityπ belongs to(0,1) if

e1 p(e2,e2)−e2 p(e1,e2) < 0, (16)

and if T̂ is "high enough".

We need to define a second compensation. The compensationT• is defined as

p(e1,e2) T•−e1 = p(e2,e2) T̃ −e2. (17)

which implies thatT• = T̃.

Proposition 2 If p(e2,e2) is sufficiently close to p(e1,e2), there exists an indirect mech-

anism that gives the principal a payoff greater than p(e2,e2)−2T̃ .

Proof. Take the following four mechanisms with no communication:M1, M2, M3 and

M4. They are defined byM1 =
(

T̃,T∗
)

, M1 =
(

T̃, T̂
)

andM3 = (T ′
1,T

′
2), M4 = (T ′′

1 ,T ′′
2 ).

Let us construct the indirect mechanism̃M such that:
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(m1,m1) −→ M1,

(m1,m2) −→ M2,

(m2,m1) −→ M3,

(m2,m2) −→ M4.

(18)

where, if agent 1 and agent 2 coordinate on the same message(m1,m1) then the

principal will play according toM1, and so on.

From the conditions above if agent 2 plays(e2,m1), agent 1 is indifferent between

(e2,m1) and(e1,m2). Strategies(e1,m1) and(e1,m2) are not (strictly) profitable devia-

tions.

If agent 1 mixes over(e2,m1) and(e1,m2) with probabilities(1−π) andπ, agent 2

has no incentive to deviate toward(e1,m1). This comes from the definition of̂T. It is

easy to design the mechanismsM3 andM4 such that the strategies(e1,m2) and(e2,m2)

are not profitable deviations.

The profit of the principal is now:

p(e2,e2)
(

f −T∗− T̃
)

(1−π)+π p(e1,e2)
(

f − T̂ −T•
)

. (19)

Whenπ goes to zero, this profit goes to

p(e2,e2)( f −T∗− T̃)− p(e2,e2)
e1−e2 +T∗p(e2,e2)−T∗ p(e1,e2)

p(e1,e1)− p(e1,e2)
. (20)

Hence, the condition that gives to the principal higher profits under the mechanism

M̃ is:

T∗ +
e1−e2 +T∗p(e2,e2)−T∗ p(e1,e2)

p(e1,e1)− p(e1,e2)
< T̃, (21)

which can be rewritten as:

e2

p(e2,e2)
+

e1−
e2

p(e2,e2)
p(e1,e2)

p(e1,e1)− p(e1,e2)
<

e2−e1

p(e2,e2)− p(e1,e2)
. (22)
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From (10), we havep(e2,e2) e1− p(e1,e2) e2. Hence condition (22) is satisfied when-

everp(e2,e2) is sufficiently close top(e1,e2).

In order to implement the indirect mechanism that we describe in the example, the

principal must have enough reserves of cash. The compensation T̂ may be very high

and with a small probability it must be paid to agent 2. Specifically, the compensation

T̂ may be greater thanf − T̃.

5 Conclusion

In the present paper we had two main objectives.

First, we argued that even in simple models of complete information a naive version

of the Revelation Principle does not apply. In the sense that in models of moral hazard

one cannot restrict attention to take-it or leave-it offers, optimal mechanisms character-

ized in that way can be outperformed by mechanisms includingmessages. We show this

by means of a simple example. Hence, to apply the Revelation Principle the principal

must be able to design stochastic mechanisms and to send random recommendations to

the agent.

Having shown that, we next argue that when the principal cannot propose stochastic

mechanisms, and hence cannot send stochastic recommendations, there is room for in-

direct communication. In particular, in that situation it may be useful for the principal

to use mechanisms based on messages as in an incomplete information setting.
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