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1. Introduction

The Revelation Principle has played a central role in the theory of incen-
tives. It presumes that agents can costlessly enter into comprehensive
contracts and process unlimited amounts of information. While the
Revelation Principle has proven useful in understanding the incentive
constraints imposed by private information, it has also been an impedi-
ment to the theory of organization design. As Myerson (1982) demon-
strated, when this principle applies, a completely centralized organiza-
tion performs at least as well as any other organizational arrangement.
In particular, any noncooperative equilibrium outcome of a decentral-
ized organization can be replicated by a centralized revelation mecha-
nism where all agents communicate their private information to a cen-
ter and receive instructions from it concerning actions to be taken. It
thus precludes a theory successful in explaining the widespread preva-
lence of decentralized decision making in organizationsand contracting
situations.

Optimal revelation mechanisms provide a useful performance
benchmark for evaluating particular organizational arrangements ob-
served in practice. For instance, Myerson (1981) and Myerson and Sat-
terthwaite (1983) have used the characterization of optimal revelation
mechanisms to examine the relative efficiency of specific auction and
bargaining procedures. Similarly Baron and Besanko (1992), Gilbert
and Riordan (1995), McAfee and McMillan (1995), and Melumad et al.
(1995) have examined the performance of delegated contracting ar-
rangements, using optimal revelation mechanisms as the reference
point.1 Nevertheless, as long as the Revelation Principle applies, one
cannot explain why centralized revelation mechanisms are not more
widely used in practice.

Our approach in this paper is to dispense with one of the more
questionable assumptions underlying the Revelation Principle. Specifi-
cally, we postulate that writing detailed incentive contracts is costly;
in particular, contracts corresponding to revelation mechanisms are
prohibitively costly. Under this hypothesis, we compare centralized
decision making with a decentralized scheme in which the principal
communicates and contracts with only one agent (the manager ) and

1. Similar perspectives have been adopted in the literature on regulation (e.g. Laffont
and Tirole, 1993) and intrafirm resource allocation (e.g., Harris et al., 1982; Kanodia,
1993).
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delegates authority to that agent to communicate and contract with
other agent(s).2

We view a contract as a collection of ‘‘if . . . , then . . .’’ statements
that specify the parties’ obligations (the ‘‘then . . .’’ parts) for different
contingencies (the ‘‘if . . .’’ parts). Depending on the organizational con-
text, a contingency will be determined either by agents’ reports, or by
their action choices, which are publicly verifiable. Since each contin-
gency has to be specified in advance as part of the formal contract,
often with the aid of lawyers, it is plausible to suppose that, everything
else remaining the same, contracts with more contingencies are more
expensive to write and understand.3 Moreover, in case of a contract
dispute, it will take third parties (such as courts) more time and effort
to comprehend contracts involving more contingencies.4

Our model does not specify an explicit cost for including contin-
gencies. We only require that contracts corresponding to revelation
mechanisms would be prohibitively costly, since they typically involve
an infinite number of contingencies. As a consequence, contracts will
be incomplete in the sense that they are not fully state-contingent.5 To

2. This is a broader notion of delegation than one in which the principal retains
authority over contracting with all agents but allows the latter to decide their own produc-
tion levels. Issues concerning such narrower forms of delegation can be raised in a single-
agent setting. It turns out that limiting the number of contract contingencies does not
serve to distinguish such forms of delegation from centralization, a point discussed in
further detail following Proposition 2. It is for this reason that we consider the broader
notion of delegation in this paper.

3. Hart and Holmstrom (1987) have argued that in some contexts the costs of incorpo-
rating a continuum of contingencies into a contract may not be prohibitively large. For
instance, if the parties can specify a simple mathematical function for the relationship
between contingencies and decisions taken by the principal, the complexity of the contract
will not vary significantly between contexts where the domain of this function is binary,
has a finite number of elements, or forms a continuum. In certain contexts this may
indeed be the case, e.g., where contracts are indexed proportionally to the rate of inflation.
However, in many other contexts contingencies are defined by a multitude of variables
(e.g. measures of quantity or quality of outputs delivered, cost conditions, or the state
of technology), whose relationship to subsequent production assignments and transfer
payments cannot be represented by a simple mathematical formula. In such situations it
seems plausible that the contract has to be phrased as a list of ‘‘if . . . , then . . .’’ statements,
whence the length of the list will affect the costs of writing the contract.

4. For an analysis of costly contract contingencies in a general equilibrium setting
see Dye (1985).

5. In the literature on incomplete contracts the basic assumption is that the state of the
world is not verifiable even though it is known to the contracting parties. Moreover,
parties make specific investments that are subject to a holdup problem. Parts of this
literature have considered the use of revelation mechanisms to provide the parties with
appropriate incentives for specific investment; see, for example, Green and Laffont (1988),
Rogerson (1992),and Che and Hausch (1996). While our analysis does not include specific
investments, it emphasizes asymmetric information and imposes contractual incomplete-
ness for complexity reasons, much in the spirit of Williamson (1975, 1985).
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keep the analysis tractable, our model assumes that each agent’s private
information is real-valued, and that contracts can involve only a finite
number of contingencies. As a consequence the information held pri-
vately by the agents is rich in comparison with what they can report
to others, i.e., the set of contingencies that can be formally incorporated
in the contract.6 In addition, if payments are conditioned on actions
chosen by agents, then only a finite number of action choices are ‘‘per-
mitted,’’ in order to limit the complexity of the contract.

When contracts cannot be fully state-contingent, delegated con-
tracting gains a potential advantage over centralization. Under delega-
tion, the principal empowers one agent (the manager) to decide the
agents’ production assignments. These decisions are made on the basis
of better information than the principal could possibly obtain under
centralization, owing to the limited nature of reports submitted by
agents. We shall refer to this effect as the flexibility gain inherent in
delegated contracting. On the other hand, earlier work on contractual
hierarchies has shown that delegated contracting is prone to experience
a control loss: the manager (respectively, the prime contractor) has an
inherent tendency to exploit his monopsony power to procure too little
from subordinates (the subcontractors). This is also known in the verti-
cal-integration literature as the distortion arising from the double mar-
ginalization of rents. Our earlier work [Melumad, Mookherjee, and Rei-
chelstein (MMR hereafter), 1995] has shown that absent any restriction
on contracts, the principal can overcome the control loss by monitoring
external procurement and subsidizing it at a suitable rate. Under certain
additional assumptions regarding the sequence of communication and
contracts, delegation can then be shown to replicate the performance
of the optimal revelation mechanism.

With limitations on the number of contract contingencies it will
be impossible for the principal to completely eliminate the control loss
that accompanies delegated contracting. As a consequence, the perfor-
mance comparison between centralized and delegated contracting de-
pends on the relative magnitude of the flexibility gain and the control
loss. Our main result in this paper is that, irrespective of the number
of admissible contract contingencies, the flexibility gain always out-

6. Thus, a more realistic formulation would represent the private information of each
agent as involving a large number of dimensions, all of which cannot be formally repre-
sented in the contract. We shall not pursue this approach, because the analysis of optimal
contracts would become significantly more difficult.
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weighs the control loss, thus implying that delegated contracting is the
preferred organizational mode.7

This result requires a number of conditions that include risk neu-
trality, an appropriate sequencing of contracts, the absence of collusion
between the manager and his subordinates, and, perhaps most impor-
tant, the principal’s ability to monitor the manager’s production contri-
bution.8 By example we demonstrate that if the principal were to ob-
serve only the aggregate team output, the resulting control loss under
delegation could become sufficiently severe so as to reverse our ranking
and render centralization superior. The importance of the other require-
ments in determining the performance of delegation was explained in
MMR (1995) in the context of costless contracting. In the current context
it is evident that in the absence of one or several of the above require-
ments, delegation may perform worse than centralization.9

In earlier work (MMR, 1992) we have also investigated the costs
and benefits of delegated contracting, but in a setting of costly commu-
nication. Specifically, agents were constrained to report messages from
a finite set, while contracts could still be based on a continuum of
possible action contingencies. Since action choices can serve as a partial
substitute for communication of reports, delegated contracting was less
constrained in MMR (1992). In the setting of this paper, the limit on
contract contingencies implies restrictions on both reports and action
choices, which additionally constrains delegated contracting compared
to the setting where only communication is restricted. Hence the results
obtained in this paper are stronger than those obtained previously. In
addition, in this paper we obtain sufficient conditions for delegated
contracting to strictly dominate centralization, whereas the earlier
paper only established conditions for weak dominance.

The paper is organized as follows. The model and the correspond-
ing optimal revelation mechanism are presented in Section 2. The opti-
mal centralized contract subject to limited contingencies is developed
in the first part of Section 3. In Proposition 1, we show that because of

7. Other agency models with limited communication include Green and Laffont
(1986, 1987) and Laffont and Martimort (1996).

8. Ability to monitor financial payments to subordinates (respectively, subcontrac-
tors) would also suffice, if monitoring of production contributions were not possible, for
the reasons explained in MMR (1992).

9. For instance, with a sufficiently large number of contingencies, the performance
levels of either contracting mode will be close to those obtained in a context with an
unlimited number of contingencies. Since centralized contracting achieves superior per-
formance when contracting is costless and any of the above requirements is not met, it
follows from a continuity argument that centralization will also be superior when the
number of contingencies allowed in the contract is large enough.
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the constraint on contracts the principal prefers that the agents report
sequentially rather than simultaneously (as in a revelation mechanism).
Proposition 2 then demonstrates that given the optimal centralized con-
tracting arrangement with sequential reporting (corresponding to any
given number of contingencies), there exists a delegated contracting
scheme involving fewer contingencies, which generates a level of
expected profit for the principal that is at least as high. Under some
additional assumptions, Proposition 3 shows that profits generated by
delegation are strictly higher. Concluding remarks are contained in
Section 4.

2. The Model

We consider a team production problem involving a principal and two
agents.10 Agent i can take some productive action ai from a set Ai . The
set of jointly feasible actions is the product A 4 A1 2 A2. For every
action profile a [ (a1, a2), the principal receives a monetary benefit
B(a). If agent i takes action ai , he bears the cost Ci(ai , u i), where u i [
Q i [ [ u i , u i] is a parameter representing the agent’s private informa-
tion (his type). As a consequence, the cost Ci(ai , u i) is not observable to
anyone except agent i . The cost parameters u i are drawn independently
from commonly known prior distributions Fi( u i) with positive densi-
ties ƒi(u i). Each agent has a reservation utility level normalized to zero.

Agents are compensated for the costs they bear by transfer pay-
ments xi made either by the principal or by another agent. All parties
are assumed to be risk-neutral. Hence, each agent’s utility is the (ex-
pected) difference between the transfer payment he receives and his
cost. Similarly, the principal seeks to maximize the difference between
the benefit B(a ) and the sum of the (expected) payments made to agents.
We make the following assumptions regarding the structure of produc-
tion and information:

(A1) Ci(ai, u i) 4 bi(u i)ci(ai), where bi( × ) is twice differentiable, strictly
positive, strictly increasing, and convex.

(A2) Each agent has the option of not producing at all at zero cost, i.e.,
there exists 0 [ Ai with ci(0) 4 0 and ci(ai) . 0 for all other
ai [ Ai .

10. The analysis easily extends to the case of n agents, where authority over contract-
ing and coordination with n 1 1 agents is delegated to the remaining agent. The case
n 4 2 simplifies the notation considerably, so we adopt this version throughout.
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(A3)
b ¢i ( u i )
bi( u i ) ×

Fi( u i )
ƒi( u i ) is increasing in u i .

Assumption (A1) postulates that the cost function is multiplica-
tively separable in the state variable u i and the production level. The
role of this assumption will become clear subsequently. We do not
impose a specific structure for the production sets, except for (A2),
which allows each agent to be inactive at zero cost. Finally, assumption
(A3) is a variant of the usual requirement that the inverse hazard rate
Fi(u i)/ƒi( u i) be increasing in u i . Basically, (A3) enables us to solve for
optimal contracts on the basis of the local conditions for incentive com-
patibility only. It also ensures that menus of linear contracts are op-
timal.11

It will be useful to recall the nature of optimal mechanisms when
the organization faces no contracting constraints. Then the Revelation
Principle applies, implying that the principal can without loss of gener-
ality restrict himself to centralized revelation mechanisms, where agent
i reports his entire private information u i to the principal, who subse-
quently decides transfers xi( u 1, u 2) and production assignments ai(u 1,
u 2). The optimal revelation mechanism solves the following problem:

max
a(u ),x(u )

E u 3 B(a( u )) 1 O
2

i4 1
xi(u ) 4

subject to: for all u i [ Q i , i [ $ 1, 2} :

(i) u i [ arg max
u˜i

Eu j
[xi(u ˜ i , u j ) 1 Ci(ai( u ˜ i , u j ), u i )],

(ii) Eu j
[xi( u i , u j ) 1 Ci(ai(u i , u j ), u i )] $ 0.

The first constraint (i) is the standard incentive compatibility con-
dition, requiring that truthtelling be a Bayesian-Nash equilibrium.12

Constraint (ii) is a participation constraint that reflects the fact that each
agent knows his cost prior to contracting.13

The solution to the above problem is well known from the litera-
ture on adverse selection. For any given production assignments, a( u )

11. See MMR (1992) for further discussion of this assumption.

12. We use the notation u 4 ( u 1 , u 2 ) and E u [ × ] 4 e u 1

u
1

e u 2

u
2

[ × ] dF2( u 2 ) dF1 ( u 1 ). Simi-

larly, Eu i
[ × ] 4 e u i

u
i
[ × ] dFi( u i ).

13. Alternatively, agents receive their private information after contracting, and they
can costlessly quit after receiving their information.
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[ (a1(u 1, u 2), a2( u 1, u 2)), the payments to the agents are uniquely
determined by the incentive and participation constraints. Further-
more, the agents will earn informational rents because of their private
information; i.e., their expected payoffs will generally exceed their re-
servation utility levels. The principal needs to trade off production
efficiency against the informational rents earned by the agents. The
optimal balance between these conflicting objectives is summarized by
the following result14:

Lemma 0 (MMR, 1995): Given assumptions (A1)–(A3), the produc-
tion assignments a*(u ) in the optimal revelation mechanism satisfy

(a*1( u 1, u 2), a*2( u 1, u 2)) [ argmax
(a1, a2)

$ B(a1, a2)1 h1(u 1)c1(a1) 1 h2(u 2)c2(a2)} ,

(1)

where

hi( u i) [ bi(u i)1 1 `
Fi(u i)
ƒi( u i)

b ¢i ( u i)
bi( u i) 2 .

Expression (1) implies that the principal effectively marks up each
agent’s unit cost by a factor exactly equal to the modified inverse hazard
rate [as defined in assumption (A3)]. The principal calculates optimal
production assignments with this measure of ‘‘virtual’’ cost, i.e.,
hi( u i)ci(ai), rather than with the true cost, bi( u i)ci(ai). In expectation,
the markup represents the informational rent that agent i earns due to
his private information.

3. Limited Contract Contingencies

In this section, we introduce restrictions on the complexity of contracts.
We identify the notion of complexity primarily with the number of
contingencies in a contract, and secondarily with the number of deci-
sions stipulated in each contingency. These collectively define the length
of the contract. Our basic notion of complexity is that contracts that
involve more contingencies and stipulate more decisions in each contin-
gency are costlier to write and enforce.

To illustrate the notion of limited contract contingencies in the
context of a revelation mechanism, note that agent i’s contract consists

14. The proof of this result can be found in MMR (1995).All other proofs are contained
in the Appendix.
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of the two functions $ ai( u 1, u 2), xi(u 1, u 2)} ( u 1, u 2)[ Q 12 Q 2
. We interpret

the pairs ( u 1, u 2) as the contingencies of the contract, since the agent’s
action choice and payment must be specified for all possible combina-
tions of reports. A revelation mechanism therefore involves a contin-
uum of contingencies, and for each contingency the contract specifies
two variables.

In the subsequent analysis we impose the exogenous restriction
that the number of contract contingencies is finite. This restriction re-
flects the notion that the cost of preparing and enforcing a contract is
increasing in the number of contingencies. While it will not be necessary
for our purposes to specify an explicit cost function, we are de facto
ruling out full revelation mechanisms as prohibitively costly. Our ap-
proach is consistent with the notion that in many contracting situations
the set of possible contingencies constitutes a large multidimensional
set, yet contracts are written on just a few summary variables.15

3.1 Centralized Contracting

With limitations on the number of contract contingencies the Revelation
Principle no longer applies, and the search for optimal mechanisms
becomes substantially more complicated. For instance, it is no longer
obvious that both agents should send their reports simultaneously to
the principal. Indeed, we shall show below that it is typically better
from the principal’s perspective for them to report sequentially. Fur-
thermore, mechanisms with sequential reporting could conceivably be
dominated by ones with even more complicated message-sending
rules, e.g., where agents send reports iteratively. The goal of this paper,
though, is to compare the performance of specific organizational ar-
rangements that differ with respect to the allocation of decision rights.
In that sense, we are not aiming for a theory of optimal mechanisms
when contracts are limited in complexity.

We begin with the natural extension of a revelation mechanism to
a setting with finitely many contingencies. Both agents simultaneously
send a message to the principal, but each agent is restricted to select
messages from a finite set Mi , with |Mi | [ ki . The contract stipulates
action choices ai(m1, m2) and payments xi(m1, m2) for all possible re-
ports (m1, m2). The resulting contract then involves k1k2 contingencies,

15. Related ideas have been explored in various strands of the decentralization litera-
ture; for instance, Hurwicz (1977, 1987), Mount and Reiter (1974), Jordan (1989) and
Baiman (1991).
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Principal Agent i Agent i Production
offers observes u i, reports mi and
contracts participation transfers

decision determined

FIGURE 1. TIME LINE 1: Simultaneous Centralized Contracting

with two variables specified for each contingency. The sequence of
moves is represented in Figure 1.

We shall refer to these mechanisms as simultaneous centralized
mechanisms; they stipulate for each agent a reporting (message-sending)
rule l i : Q i ® Mi and a contract ai : M1 2 M2 ® Ai , xi : M1 2 M2 ®
R . The principal seeks to maximize his expected profit:

max
ai(z),xi(z)

l i(z)

Eu 3 B(a( l (u 1, u 2 ))) 1 O
2

i4 1
xi( l ( u 1,u 2)) 4

subject to: for all u i , 1 # i # 2,

(i) l i( u i) [ arg max
mi [ Mi

Eu j
[xi(mi , l j( u j)) 1 bi( u i)ci(ai(mi , l j(u j)))],

(ii) Eu j
[xi(l i( u i), l j( u j)) 1 bi( u i)ci(ai( l i( u i), l j( u j)))] $ 0. (2)

The notation a(l ( u 1, u 2)) is shorthand for (a1( l 1( u 1), l 2( u 2)), a2(l 1(u 1),
l 2(u 2))), and l denotes ( l 1, l 2).

The two constraints represent the requirement that participating
in the mechanism and reporting according to the suggested rules form
a Bayes-Nash equilibrium.

The main difference from a revelation mechanism is that agents
have to select reports from a finite message set that induces partial
pooling for subsets of types. In this sense the complexity constraint
restricts the extent to which production assignments and payments can
be fine-tuned to variations in the true state of the world. As we show
below, the multiplicative separability assumption (A1) ensures that any
such mechanism is equivalent to one where the pattern of pooling rep-
resents an interval partition of the type space. In other words, if any
two types report the same message, then so do all intermediate types.
This greatly simplifies our analysis, since we can confine attention to
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FIGURE 2. SIMULTANEOUS CENTRALIZED CONTRACTING

reporting rules that induce a rectangular partition of the type space,
i.e., a grid. Formally, the principal selects for each agent a partition of
the type space Q i into ki intervals ( u u1 1

i , u u
i ], u 4 1, . . . , ki , with u 0

i

4 u i , u kii 4 u i . All types in the same interval ( u u1 1
i , u u

i ] then report
the same message mu

i [ Mi , so that the principal can no longer distin-
guish among them. See Figure 2 for an illustration of the case of four
contingencies, with two possible messages per agent. The communica-
tion can be interpreted as each agent reporting that costs are either
‘‘high’’ or ‘‘low’’; more detail cannot be incorporated, owing to the
need to limit the complexity of the contract.

In terms of the production assignments, the only difference from
a revelation mechanism is that the principal is constrained to select
the same assignments for all types in the same interval. Given any
assignment, the usual arguments underlying the revenue equivalence
theorem (see, for example, Myerson, 1981) apply, and therefore an
agent’s expected payment has to be equal to the virtual cost of his
production assignment. The principal’s optimization problem thus re-
duces to

max
$ u u

1} ,$ u v
2}

$ auvi }

O
k1

u4 1
O
k2

v4 1
E u u

1

u u11
1

E u v
2

u v11
2

1 B(auv
1 , auv

2 ) 1 O
2

i4 1
hi(u i)ci(auv

i ) 2 dF2( u 2)dF1( u 1),

(3)

where the variable auv
i denotes agent i’s action choice following reports

(mu
1 , m v

2).
To summarize, the problem of selecting an optimal centralized

mechanism with simultaneous reporting and k1k2 contract contingen-
cies can be represented as follows: the principal chooses a grid for Q 1
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Principal Agent i Agent 1: Agent 2: Production
offers observes u i participation participation and
contracts decision, decision, transfers

reports m1 reports m2 determined

FIGURE 3. TIME LINE 2: Sequential Centralized Contracting

2 Q 2 consisting of k1k2 rectangles. For each rectangle (contingency)
an agent’s contract specifies a pair (auv

i , xuv
i ). The action choices auv

i can
be chosen optimally, while the corresponding payments, by virtue of
the revenue equivalence theorem, are determined uniquely by the in-
centive and participation constraints.

Lemma 1: The value of the centralized contracting problem with simul-
taneous reporting as stated in (2) is equal to the value of the program in (3).

With limited contract contingencies it is conceivable that the prin-
cipal can gain from asking the agents to make their reports in sequence
rather than simultaneously. The second agent could be instructed to
send his message in response to the first agent’s report. The exact se-
quence of events is described in Figure 3. The advantage of sequential
reporting is that the second agent can condition his report on the infor-
mation revealed by the first agent. This additional flexibility will gener-
ally induce better coordination of the agents’ decisions.

The principal’s optimization problem with sequential reporting
is similar to that with simultaneous reporting. However, agent 2’s re-
porting rule now takes the form l 2( u 2, l 1( u 1)). Given assumption (A1),
the principal can again restrict attention to reporting rules that form an
interval partition of the type space of each agent. Sequential reporting
allows for the partition of Q 2 to depend on the report sent by the first
agent. Specifically, types in ( u u,v1 1

2 , u uv
2 ) can send the report mv

2, follow-
ing the report mu

1 of the first agent. Figure 4 illustrates the additional
flexibility of sequential mechanisms when each agent can send one of
two messages.

Contrasted with the increased flexibility is the fact that incentive
and participation constraints for agent 2 are strengthened, since agent
2 has the advantage of knowing agent 1’s report before responding to
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FIGURE 4. SEQUENTIAL CENTRALIZED CONTRACTING

the principal. Specifically, agent 2’s incentive compatibility constraint
takes the following form:

muv
2 [ arg max

m2 [ M2

[x2(mu
1, m2) 1 b2( u 2)c2(a2(mu

1 , m2))]

for all 1 # u # k1 and u 2 [ ( u u ,v1 1
2 , u uv

2 ).

Furthermore, the participation constraint has to hold ex post, i.e.,

x2(mu
1 , muv

2 ) 1 b2( u 2)c2(a2(mu
1 , muv

2 )) $ 0.

It turns out, however, that these seemingly stronger constraints impose
no additional cost on the principal. The reason is essentially the same
as that described in Mookherjee and Reichelstein (1992); an optimal
mechanism in which truthful reporting is a Bayes-Nash equilibrium
and the participation constraints apply in an interim sense can be re-
placed by another mechanism in which truthtelling is a dominant strat-
egy and the participation constraints hold ex post. Furthermore the new
mechanism yields the same expected payoff to the principal.

We are now in a position to characterize the principal’s expected
payoff under centralized contracting with sequential reporting.

Proposition 1: The value of centralized contracting with sequential
reporting of k1 and k2 messages, respectively, is equal to the value of the
following optimization problem:

max
$ u u

1} ,$ u uv
2 }

$ auvi }

O
k1

u4 1
O
k2

v4 1
E u u

1

u u11
1

E u u,v
2

u u,v11
2

1 B(auv
1 , auv

2 ) 1 O
2

i4 1
hi(u i)ci(auv

i ) 2
dF2( u 2)dF1( u 1). (4)
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Comparison of (3) and (4) immediately shows that the principal
is better off with sequential than with simultaneous reporting for any
given message sets M1 and M2. Problem (4) reduces to (3) if one addi-
tionally imposes the constraint that the cutoff values for agent 2’s report
u uv

2 be independent of Agent 1’s report u. As mentioned before, though,
there may well exist other centralized contracting arrangements which
dominate even (4). Such mechanisms may involve iterative message
sending and/or delegation of the action choices once agents have sent
their messages. The centralized contracting scenario we consider is
nonetheless of considerable interest, since it is the direct analogue of
a revelation mechanism in a setting with limited contract contingencies.

3.2 Delegated Contracting

Consider now a contracting arrangement wherein the principal only
contracts with agent 1, who in turn is authorized to subcontract with
agent 2. This arrangement amounts to a three-tier hierarchy in which
agent 1 acts as an intermediate principal (a ‘‘manager’’ or ‘‘prime con-
tractor’’). As in many contexts of procurement contracting, agent 1 (the
prime contractor) pays agent 2 (the subcontractor) out of her own
pocket, and this payment cannot be monitored by the principal. How-
ever, as explained above, we assume that the principal does monitor
the allocation of production assignments between the two agents.

When contracting is costly and necessarily incomplete, a three-
tier hierarchy possesses one potential advantage. Agent 1 can design
the subcontract for agent 2 on the basis of full information about her
own cost. This may result in improved decision making when com-
pared to a centralized arrangement in which decisions can only be
based on agent 1’s limited communication. On the other hand, a poten-
tial drawback of delegated contracting is that the principal may experi-
ence a control loss, owing to the monopsony power granted to agent
1. This problem has been identified in various models of hierarchical
contracting, including McAfee and McMillan (1995) and Qian (1994).
Our earlier work (MMR, 1995) has shown that in the absence of con-
tracting constraints, the principal can alleviate the control loss com-
pletely by constructing a suitable subsidy for outsourcing to agent 2.
To calibrate the subsidy correctly, however, the principal has to know
agent 1’s true cost state u 1, as this determines the magnitude of the
monopsony distortion. To elicit this information, however, the princi-
pal has to offer agent 1 a contract with a continuum of contingencies,
corresponding to different possible true values of u 1. This is of course
not feasible in the present setting. Hence the control loss cannot be
eliminated with a limit on the number of contract contingencies.



Contract Complexity, Incentives, and the Value of Delegation 271

Principal Agent 1 Agent 1 Agent 2 Agent 1 Transfers
offers observes u 1, selects observes u 2 , decides a1 determined
Agent 1 participation m1 and a participation
a contract decision subcontract decision,

for Agent 2 reports m2; a2

determined

FIGURE 5. TIME LINE 3: Delegated Contracting

The sequence of events under delegation is described in Figure
5. In particular, we assume that agent 1 can commit to the prime con-
tract before entering into a subcontract with agent 2.16

The principal designs a contract for agent 1 that stipulates the
payment x1 as a function of the benefit level B delivered, the manager’s
own contribution a1, and m1, a message that agent 1 sends to the princi-
pal at the time of contracting. The message m1 is selected from a finite
set M1, thus allowing the manager to self-select into different incentive
contracts depending on his private information. Following the selection
of a contract for himself, the manager selects a pair of functions
$ x2(m2), a2(m2)}m2[ M2

specifying the payment that the manager will
make to agent 2 and the associated action choice.

The number of contingencies in the subcontract clearly equals k2

4 |M2|, and for each contingency the subcontract specifies two vari-
ables, just as in the centralized arrangement. The contract for agent 1
is, however, different in that it must be conditioned on action choices
made by her. Hence limits must be imposed on the range of actions
that agent 1 is permitted to select from. For each message m1, the princi-
pal can specify a control set S(m1) such that

S(m1) , A1 2 $ B(a1, a2) | a1 [ A1, a2 [ A2} . (5)

The interpretation of this control set is that, having selected m1, agent
1 is contractually obligated to deliver a combination of a1 and B that
belongs to the finite set S(m1). The number of contingencies in the prime

16. MMR (1995) demonstrated that this sequence of contracting is the most beneficial
to delegation.
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contract is then given by å m1[ M1
|S(m1) |.17 In particular, if |M1| 4 k1,

and |S(m1)| 4 k2 for all m1, then the prime contract involves k1k2 contin-
gencies. In this manner, restricting the number of contingencies in the
delegation contract limits the range of production assignments as well
as reports that agent 1 can select from. In contrast, the setting of limited
communication studied in MMR (1995) did not impose any limits on
the range of production assignments. Hence delegation is more con-
strained when it is contractual complexity rather than communication
capacity which is restricted.

Given the prime contract, agent 1’s type u 1 and his message m1,
we denote agent 1’s payoff by

p 1(a1, a2, x2 | x1(× ), m1, u 1) [ x1(B(a1, a2), a1, m1) 1 x2 1 b1( u 1)c1(a1).

The manager’s subsequent problem of designing a subcontract is to
select for agent 2 a reporting rule l 2( u 2) : Q 2 ® M2 and functions
a1(m2), a2(m2), x2(m2) to maximize

E u 2
[ p 1(a1( l 2( u 2)), a2( l 2( u 2)), x2( l 2(u 2)) | x1( × ), m1, u 1)] (6)

subject to the constraints that for all u 2 [ Q 2,

l 2( u 2) [ arg max
m2[ M2

[x2(m2) 1 b2( u 2)c2(a2(m2))],

x2( l 2( u 2)) 1 b2( u 2)c2(a2( l 2( u 2))) $ 0,

(a1(m2), B(a1(m2), a2(m2))) [ S(m1) for all m2 [ M2.

The choice of subcontract will generally depend on the prime
contract and agent 1’s type u 1. In the terminology of Maskin and Tirole
(1990), the subcontracting problem involves an informed principal
problem with private values: i.e., agent 1’s valuation of the output deliv-
ered by agent 2 depends on u 1, regarding which agent 1 is privately
informed. Nevertheless, this variable exercises no direct effect on agent
2’s utility. Due to the assumed risk neutrality, however, the informed-
principal problem has essentially no effect, and we can solve for the
optimal subcontract as if agent 1’s type were common knowledge be-
tween the two agents.18

17. We are implicitly assuming here that the contract states that agent 1 will be paid
nothing, unless one of the production combinations in S(m1 ) is delivered, and this exclu-
sion clause is costless to write into the contract, or alternatively is equivalent to the cost
of writing a single contingency.

18. As Maskin and Tirole demonstrate in their paper, this is generally true when
both parties have utility that is linear in money. The only advantage that agent 1 could
conceivably extract from his private information is to delay revelation of his own type
u until after agent 2 responds to the offered contract, thereby imposing risk on agent 2
associated with the realization of u 1 . With risk neutrality this serves no purpose at all.
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We denote the principal’s maximum payoff under centralized
contracting with sequential reporting and k [ k1k2 contingencies for
both agents by p c(k1k2, k1k2). Formally, p c(k1k2, k1k2) is the optimal
value of the objective function in (4). The principal’s maximum payoff
under delegated contracting is denoted by p d(k̃, k *) when the prime
contract and subcontract involve k̃ and k * contingencies, respectively.
The main result of this paper is the following.

Proposition 2: Centralized contracting with sequential reporting is
dominated by delegated contracting in the sense that p c(k1k2, k1k2) #
p d(k1k2, k2) for all k1 and k2.

Note that in comparison with the corresponding centralized con-
tract, delegation involves fewer contingencies in the contract for agent
2, while the number of contingencies in agent 1’s contract remains the
same. The message sets of all agents have the same size: hence the
result here implies also the superiority of delegation when only com-
munication is limited, as in MMR (1992). Moreover, the subcontract
specifies the same variables per contingency, i.e., the production assign-
ment and the payment for agent 2. For agent 1, a contingency is defined
by the realization of the three variables B, a1, m1. For each contingency
the prime contract stipulates just one variable, i.e., x1, rather than the
two variables (x1, a1) under centralization.Hence the delegation mecha-
nism is less complex than a centralized mechanism, judging not only
by the total number of contingencies, but also by the number of deci-
sions the principal takes in each contingency.

The proof of Proposition 2 is constructive. Given a centralized
contract, the principal can design the prime contract under delegation
so as to leave agent 1’s message space M1 and the domain of possible
production decisions $ auv

1 , auv
2 } unchanged. Given that agent 1 sends

message mu
1, his discretion over production decisions is restricted ex-

actly to the set of possible production assignments resulting under cen-
tralization following the message mu

1 . In other words, the control set
S(mu

1) is the set of k2 possible production assignments $ auv
1 , auv

2 }k2v4 1 in
the centralized contract. Despite this restriction, though, agent 1 now
decides on the production assignments with full knowledge of his own
type u 1, while under centralization the principal only knows that agent
1’s cost belongs to the interval (u u1 1

1 , u u
1]. This feature entails a flexibil-

ity gain for delegation.19

19. Note that this advantage would continue to exist even if the centralized regime
were permitted to use iterative reporting schemes. While the latter increase the flexibility
of the centralized arrangement by narrowing down the uncertainty faced by the principal
concerning agent 1’s type, they cannot eliminate it entirely, owing to the finite restriction
on message spaces.
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FIGURE 6. SUPERIORITY OF DELEGATION OVER
CENTRALIZATION

On the other hand, recall that the control loss problem inherent
in delegation is that agent 1 has a tendency to use his monopsony
power to bias production in his favor when allocating tasks between
agent 2 and himself. The principal can counteract this distortion by
subsidizing procurement from agent 2. The limitation on the number
of contract contingencies however restricts the set of reports that agent
1 can send regarding his own type, thus preventing the principal from
calibrating the outsourcing subsidy correctly. Nevertheless, we find
that the control loss can be ameliorated sufficiently so as to induce
agent 1 to make uniformly ‘‘better’’ decisions than would have resulted
under centralized contracts with the same number of contingencies.

To further illustrate the reasoning underlying Proposition 2, con-
sider an example in which there are two competing suppliers with
cost functions Ci(ai , u i) 4 u iai, respectively. Suppose both u i ’s are
distributed according to the same density ƒ( u i), resulting in common
virtual cost functions h( u i). The benefit function B( × , × ) takes the form
B(a1, a2) 4 max $ a1, a2} , and the benefit level is exogenously fixed at
B 4 1. The optimal revelation mechanism then calls for agent 1 to
deliver a1 4 1 if and only if h( u 1) # h( u 2), which is equivalent to u 1

# u 2. Otherwise agent 2 is asked to deliver a2 4 1, so the low-cost
producer is given the entire contract.20 The optimal production assign-
ments are thus described by the diagonal in Figure 6: this necessitates

20. It can be shown that in this setting the optimal revelation mechanism can be
implemented by a second price auction.
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each agent reporting his entire private information, i.e., the realization
of u i . In turn this causes the corresponding contract to contain a contin-
uum of contingencies.

Consider now a scenario in which there are four contingencies in
the centralized contract, with two messages from each agent. It is then
no longer possible to implement second-best production assignments,
as the principal cannot identify which producer has the lower cost in
all states of the world. We know from Proposition 1 that the optimal
centralized contract with sequential reporting will take the form of a
rectangular partition of the cost parameter space, rather than the diago-
nal partition. Heuristically, it will involve choosing the rectangular par-
tition that is the closest approximation to the diagonal partition. In
particular, if agent 1 has cost u 1 # u 1

1, he reports m1
1. Hearing this,

agent 2 reports m1
2 if u 2 # u 1

2 and m2
2 otherwise. In the former case

agent 2 produces the entire quantity, and in the latter case agent 1 does.
If u 1 . u 1

1, agent 1 reports m2
1. Subsequently agent 2 reports m1

2 if u 2

# u 2
2 and m2

2 otherwise. The values of u 1
2 and u 2

2 are also the prices at
which agent 2 is offered the contract depending on agent 1’s message.
The cutoff levels u 1

2 and u 2
2 are such that for some type ( u *1 or u **1 ) of

agent 1 in the corresponding interval, production decisions are exactly
second-best (see Figure 6).

In delegated contracting, the principal can use the following
mechanism to achieve higher profits. Agent 1 is asked to use the same
reporting rule as in the two-tier mechanism. Following message mu

1,
he is offered an incentive scheme of the form xu

1 4 b u 1 a1 g u , where
b u is a fixed payment, and g u is a ‘‘tax’’ parameter chosen as follows:
g 1 4 h ( u *1) 1 u *1 and g 2 4 h ( u **1 ) 1 u **1 . Consequently, agent 1 will
make a take-it-or-leave-it offer to agent 2 at the price h 2 1( u 1 ` g 1) if
u 1 # u 1

1, or, at the price h 2 1(u 1 ` g 2) if u 1 . u 1
1. Hence, the unit tax

g i mitigates the control loss, since in the absence of monitoring agent
1 would have chosen the price h 2 1( u 1). By construction, the coefficients
g 1 and g 2 are such that the types u *1 and u **1 continue to implement
the second-best decisions. Figure 6 shows that the production assign-
ments corresponding to the h 2 1( u 1 ` g i) rule are uniformly closer to the
diagonal than the production assignments in the optimal centralized
mechanism as represented by the flat lines corresponding to the con-
stant prices u 1

1 and u 2
2. As a consequence, the production decisions are

uniformly better from the principal’s standpoint.
When communication rather than the number of contract contin-

gencies is limited, as in our previous paper MMR (1992), the only con-
straint pertains to the size of each agent’s message set; production deci-
sions are not restricted at all. Agent 1 can then select arbitrary
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production assignments under delegation, based on his own private
information, besides reports from agent 2. The flexibility advantage of
delegation is then further boosted: a continuum of different assign-
ments can be selected by agent 1, corresponding to different values of
u 1, given any report sent by agent 2. In the preceding example, how-
ever, this additional flexibility was not valuable, since the aggregate
benefit level desired by the principal was fixed exogenously. More gen-
erally, if the principal’s aggregate benefit were a continuous function
of team output, the added flexibility in production assignments would
enable achievement of a higher expected payoff.

The contrast between the context of limited communication and
limited contract contingencies can be illustrated more sharply in a sin-
gle-agent setting. Suppose the only restriction is on the size of the
agent’s message space; then delegation of decisions concerning produc-
tion to the agent would generally generate superior performance to
centralization. This is because delegation permits a continuum of possi-
ble production decisions that are fine-tuned to the agent’s private infor-
mation, unlike centralization, where the principal decides on produc-
tion based on reports from the agent. On the other hand, when the
only constraint is on the number of contract contingencies, centralized
and delegated decision making are equivalent. The reason is that dele-
gation also must be characterized by a finite range of possible produc-
tion levels that can be selected by the agent, owing to the need to limit
the number of contingencies in the delegation contract.

In the example used above to illustrate the reasoning of Proposi-
tion 2, delegation achieved a strictly higher expected payoff for the
principal than did centralization. The following result provides suffi-
cient conditions for this to hold in more general settings. In stating the
result, we shall need the following definitions. First, say that communi-
cation with agent i is valuable under centralization if the principal’s payoff
in (4) increases as one moves from ki 4 1 to some ki . 1 (holding kj ,
j ¹ i, fixed). Second, given a vector of unit prices p 4 ( p1, p2) for
the two inputs, let a( p ) denote the vector of input levels (a1, a2) that
maximizes B(a ) 1 p1c1(a1) 1 p2c2(a2). We define the production struc-
ture to be nonseparable if for any pair of input prices p, p ¢ both lying in
[h1(u 1), h1( u 1)] 2 [h2( u 2), h2( u 2)], and any corresponding pair of opti-
malproduction assignments a( p ), a( p¢ ), if a2( p ) ¹ a2( p¢ ), then also a1( p )
¹ a1( p ¢ ). In words, when the production contribution procured from
one agent changes, so must the contribution procured from the other
agent. This condition thus requireness jointness in the production of the
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two agents, necessitating coordination of their respective production
assignments.21

Proposition 3: Suppose that communication with agent 2 is valuable
under centralization, and the production structure is nonseparable. Then the
dominance of delegated contracting over centralization in Proposition 2 is
strict, i.e., p c(k1k2, k1k2) , p d(k1k2, k2) for all k1, k2.

To conclude this section, we illustrate the importance of the as-
sumption that the principal can monitor the production assignments
selected by agent 1. If the principal were to consider only the aggregate
benefit level delivered, but not agent 1’s contribution a1, the control
loss might outweigh the flexibility gain inherent in delegation. To dem-
onstrate this point, consider again the above procurement example
where the two agents are ex ante identical and the desired benefit level
is fixed exogenously at B 4 1. The optimal delegation mechanism will
then be of the following simple form: the principal offers agent 1 a
fixed payment in the amount of

x1 4 h1 1( u 1)F(h1 1( u 1)) ` u 1[1 1 F(h1 1( u 1))]. (7)

The amount x1 is calculated to exactly compensate the highest cost type
(u 1) of agent 1 for delivery cost incurred.

This prime contract induces agent 1 to make agent 2 a take-it-or-
leave-it offer to produce the entire assignment at the price h 2 1(u 1).
Hence agent 2 ends up as the exclusive producer if and only if u 2 #
h 2 1( u 1). The flexibility of the three-tier mechanism is embodied in this
decision rule, since the allocation of production is decided on the basis
of agent 1’s exact information about his own cost u 1. This flexibility
gain, however, is not necessarily desirable, since the resulting decision
rule is distorted relative to the second-best rule.

The following sequential centralized mechanism performs better
than the above delegation mechanism. Agent 1 is asked to report m1

1

if u 1 # u 1
1. The principal awards the entire contract to agent 2 if u 2 ,

h 2 1( u 1
1) [ u 1

2, and to agent 1 otherwise. If agent 1 reports m2
1 (i.e., u 1

. u 1
1), the contract is awarded to agent 2 if and only if u 2 # h 2 1( u 1)

21. Note that if the optimal production assignments of the two agents were com-
pletely separable, e.g., if the principal’s benefit function B were additively separable in
a1 and a2 , then delegation could not lead to any flexibility gain at all: better information
about the cost conditions in the production of one agent would not generate any improve-
ments in the contract designed for the other agent. Hence some degree of nonseparability
is necessary for delegation to achieve more flexible production assignments than centrali-
zation.
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(i.e., agent 2 reports m1
2). The principal’s expected cost from this central-

ized mechanism equals

K( u 1
1)F( u 1

1) ` K( u 1) [1 1 F( u 1
1)], (8)

where K( u 1) [ h 1 1(u 1 )F(h 1 1( u 1 )) ` u 1[1 1 F(h 1 1( u 1))]. The ex-
pected cost in (8) is clearly less than in (7), i.e., with u 1

1 4 h1 1( u 1 ) and
x1 4 K(u 1); therefore the principal is better off under centralization.
By adopting a centralized mechanism, the principal loses some produc-
tion efficiency associated with delegation. At the same time, though,
types u 1 , u 1

1 earn lower rents in the three-tier hierarchy, and the
resulting expected cost is lower under centralization. Put differently,
the advantage of flexibility under delegation is appropriated by agent
1 rather than by the principal.

4. Concluding Remarks

Our analysis has shown that with limited contract contingencies a prin-
cipal will generally benefit from delegating authority to coordinatepro-
duction and to contract with other agents. By designing a suitable prime
contract the principal can align her own preferences with those of the
manager sufficiently so as to take advantage of the flexibility inherent
in delegation. These results are consistent with the widespread preva-
lence of managerial hierarchies and with the practice of subcontracting.
At the same time, our results point to several features that appear essen-
tial in order for a subcontracting arrangement to indeed be superior.

Our model ignored a number of factors that may favor centraliza-
tion over delegation. These include the possibility of collusion between
agents; the presence of limited-liability constraints on agents, which
prevent intermediate contractors from bearing too much risk; and the
inability of the principal to ensure the appropriate sequencing of con-
tracts under delegation.22 In a setting where contract complexity restric-
tions are absent and the Revelation Principle applies, the importance
of these factors for the performance of delegation arrangements has
been established in MMR (1995). When there are restrictions on contract
complexity and some of the above conditions are not satisfied, the orga-
nization designer is likely to face the following trade-off: delegation is
beneficial in that it enables production decisions to be more flexible,

22. Collusion between agents or inappropriate sequencing may involve the agents
entering into a side contract before agent 1 responds to the contract offered by the princi-
pal. This expands the extent of private information of agent 1, and therefore also the
rents that the latter can capture. In a similar vein, ex post limited liability constraints on
agent 1 would also enable her to capture larger rents. See MMR (1995) for further details.
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while centralization allows better control. Further research into the na-
ture of this trade-off is necessary.

We restricted attention to a setting with only two production
agents, and thereby to a comparison of a two-tier hierarchy (centraliza-
tion) with one involving three tiers and a single branch (delegation).
With more than two agents, the designer can select from a larger set
of multitier hierarchies, varying both in the number of vertical layers
and in the number of branches. When a hierarchy contains multiple
branches, the need to coordinate their decisions also arises. Mookherjee
and Reichelstein (1995, 1997) examine such issues in a setting involving
no restrictions on contract complexity or communication. They show
that any multitier hierarchy consistent with the technology in a suitable
sense continues to achieve optimal outcomes, equivalent to those under
centralization. Hence a large variety of structures attain equivalent per-
formance. Once contracts are restricted in complexity, a nontrivial
choice amongst different hierarchial structures arises. We know from
the results of this paper that centralization is dominated by a specific
three-tier hierarchy with a single branch, but comparison of the latter
with other structures remains to be explored.

The optimal amount of decentralization in large firms continues
to be the subject of much debate in the management literature. Our
concern for contract complexity is but one of many factors that are
likely to affect the design of organizational subunits with decision-
making responsibility. In particular, our model lacks an explicit recog-
nition of the time managers have available for the purpose of processing
information, coordinating decisions, and actually carrying out the deci-
sions.

Recent papers by Mount and Reiter (1995), Radner (1993), Radner
and van Zandt (1992, 1995), Reiter (1996), and Bolton and Dewatripont
(1994) propose a variety of models that all take into consideration the
amount of time it takes an organization to arrive at decisions. While
these models are explicit in the amount of information an agent can
communicate and process in a given amount of time, they have ignored
incentive issues thus far. Ultimately, however, a satisfactory theory of
organization design must address both incentive considerations and
limited information-processing capabilities.

Appendix

Proof of Lemma 1: We prove first that there is no loss of generality
in restricting attention to interval partitions. Given any message mu

i [
Mi , define
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Q u
i [ $ u i | l i(u i ) 4 mu

i } ,

u u
i [ inf Q u

i , u u
i [ sup Q u

i , and

M u
i [ $ mi [ Mi | mi 4 l i( u i ), u u

i # u i # u u
i } .

Step 1: All types in [ u u
i , u u

i ] are indifferent between all messages in
M u

i .

Proof: Take any two types, u i , u ¢i in [ u u
i , u u

i ] with l i( u i) 4 l i( u ¢i ) 4
mi . Suppose there is u 9i [ (u i , u ¢i ) with l i( u 9i ) 4 m ¢i ¹ mi . We show
that types u i , u 9i , and u ¢i are all indifferent between the messages mi

and m ¢i .
Let X [ Eu j

[xi(m ¢i , l j ( u j ))] 1 Eu j
[xi(mi , l j ( u j ))] and Y [

E u j
[ci(ai(m ¢i , l j( u j ))) 1 ci (ai(mi , l j( u j )))]. Then the incentive con-

straints imply

bi(u i )Y $ X, bi( u 9i )Y # X, bi( u ¢i )Y $ X.

Suppose Y . 0. Then bi( u 9i )Y . bi(u i)Y, as bi is strictly increasing, which
contradicts the first two inequalities. If Y , 0, we similarly get a contra-
diction of the last two inequalities. Hence Y 4 0, upon which the in-
equalities imply X 4 0, and all three hold as equalities. In other words,
all three types u i , u 9i , and u ¢i are indifferent between the messages mi

and m ¢i , establishing our claim. M

Delete ‘‘unused’’ messages from Mi to form M̂i [ $ mi [ Mi | mi

4 l i( u i) for some u i [ Q i} , and reorder elements of M̂i so that u u
i #

u u` i
i for any mu

i [ M̂i . Let k̂i [ |M̂i |; obviously k̂i # ki .
Now construct a new (interval) partition $ u ˆ u

i } k̂iu4 1 such that
Fi( u ˆ u

i ) 1 Fi( u ˆ u1 1
i ) 4 Prob [$ u i [ Q i | l i( u i) 4 mu

i } ] [ e Q m
i

dFi . Choose
the reporting rule l ˆ i( u i) 4 mu

i [ M̂i if u i [ ( u ˆ u1 1
i , u ˆ u

i ]. Note that this
implies

Prob [$ u i [ Q i | l i(u i ) 4 mu
i } ] 4 Prob [$ u i [ Q i | l ˆ i( u i )4 mu

i } ] [ f u
i ,

(i)

i.e., the probability that message mu
i is reported is unchanged.

Step 2: If the reporting rules l 1( u 1) and l 2( u 2) are replaced by l ˆ 1( u 1),
l ˆ 2(u 2) respectively, then incentive and participation constraints continue to
be satisfied, while the principal’s expected welfare is unaffected.

Proof: Suppose we alter agent i’s reporting rule from l i(u i) to l ˆ i( u i).
Agent j’s expected payoff when reporting message mj [ Mj is

O
u

f u
i [xj(mu

i , mj ) 1 Cj(aj(mu
i , mj ), u j )],
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and (i) implies that agent j’s payoffs are unaffected by the switch in i’s
reporting rule. Similarly, if agent j reports mj , the principal’s expected
welfare is

O
u

f u
i 1 B(a (mu

i , mj)) 1 O
2

l4 1
xl(mu

i , mj ) 2 ,
which is similarly unaltered.

It remains to show that agent i’s incentive and participation con-
straints are satisfied under the new reporting rule l ˆ i( u i ). Consider any
type u i in ( u ˆ u1 1

i , u ˆ u
i ). By construction, u ˆ u1 1

i $ u u
i . Furthermore, u ˆ u

i $
max $ u u1 1

i , u u
i } . (If this is not the case, then å u

l4 1 Prob[$ u i [ Q i | l i( u i)
4 m l

i} ] 4 Fi(u ˆ u
i ) . max $ Fi( u u1 1

i ), Fi(u u
i )} $ å u

l4 1 Prob [$ u i [ Q i |
l i( u i) 4 m l

i} ], which contradicts (i).) Therefore, we have max $ u u
i

2 1,
u u

i } . u i . u u
i . Suppose u u

i $ u i . u u
i . Let l i( u i) 4 m v

i , i.e., u i chooses
the message mv

i in the original reporting rule. Since there exists u ˜ i [
[u u

i , u u
i ] with l i( u ˜ i) 4 mu

i , application of Step 1 yields the result that
type u i is indifferent between messages mu

i and m v
i .

Finally, suppose u i . u u
i . u u

i and l i( u i) 4 m v
i . Then by the

above argument u u
i

2 1 . u i . u u
i , and by the chosen reordering of

messages, u u
i . u u

i
2 1. Therefore, by Step 1, u i is indifferent between

mv
i and mu

i
2 1. Since by hypothesis max $ u u

i
2 1, u u

i } 4 u u
i

2 1, we have
u u

i
2 1 $ u u

1 and u u
i . u u

i . u u
i

2 1; it follows that message mu
i is used by

some types between u u
i

2 1 and u u
i

2 1. So type u i is indifferent between
mu

i
2 1 and mu

i , and therefore between mu
i and m v

i .
To complete the proof of the lemma, we note that with interval

partitions, the principal’s objective function reduces to (3) if one incor-
porates the local incentive constraints. Hence, it remains to show that
the solution to (3) is globally incentive-compatible. For this, it suffices
to show that the solution to (3) satisfies the monotonicity conditions
au
1

1 1,v $ au
1
v and au

2
,v1 1 $ au

2
,v. Given (A1), the optimization problem

in (9) requires the choice of $ auv
1 , auv

2 } that maximize

B(a1, a2) 1 hu
1c1(auv

1 ) 1 hv
2c2(auv

2 ),

where hu
1 [ e u u

1

u u11
1

h1( u 1) dF1( u 1)/[F1( u u
1) 1 F1( u u1 1

1 )] (with hv
2 defined

in
a symmetric fashion). Since hi( u i) is increasing in u i , it follows that
hu
1 $ hu

1
2 1 and hv

2 $ hv
2
2 1. Hence, au

1
1 1,v $ au

1
v , and au

2
,v1 1 $ au

2
v , complet-

ing the proof. M

Proof of Proposition 1: The following optimization program corre-
sponds to the centralized contracting arrangement with sequential re-
porting and k1k2 contingencies per contract:

max
ai(z),xi(z)

l 1(z), l 2( l 1,z)

E u 3 B(a(l 1( u 1), l 2( l 1( u 1), u 2))) 1 O
2

i4 1
xi( l 1( u 1), l 2( l 1( u 1), u 2)) 4
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subject to

l 1( u 1) [ arg max
m1[ M1

Eu 2
[x1(m1, l 2(m1, u 2))1 C1(a1(m1, l 2(m1, u 2)), u 1)]

for all u 1 [ Q 1, (i)

l 2(m1, u 2) [ arg max
m2[ M2

$ x2(m1, m2) 1 C2(a2(m1, m2), u 2)}

for all m1 [ M1, u 2 [ Q 2, (ii)

E u 2
[x1( l 1( u 1), l 2(l 1( u 1), u 2))1 C1(a1(l 1( u 1), l 2( l 1(u 1), u 2)), u 1)] $ 0

for all u 1 [ Q 1, (iii)

x2( l 1( u 1), l 2( l 1( u 1), u 2)) 1 C2(a2( l 1( u 1), l 2(l 1( u 1), u 2)), u 2) $ 0

for all u 1 [ Q 1, u 2 [ Q 2. (iv)

Requirement (ii) in the above program says that agent 2 should
have an incentive to report message m2 4 l 2(m1, u 2) if his type is u 2

and agent 1 reported m1. As in the case of simultaneous mechanisms,
it can be shown that because of multiplicative separability assumption
(A1) one can confine attention to interval partitions such that
( u u1 1

1 , u u
1] 4 $ u 1 | l 1( u 1) 4 mu

1} , 1 # u # k1. Similarly, the interval Q 2

is partitioned into k2 intervals, depending on the message m1 of agent
1:

( u u ,v1 1
2 , u u,v

2 ] 4 $ u 2 | l 2(mu
1 , u 2) 4 mv

2} .

From here on, the steps in the proof are analogous to those in the proof
of Lemma 1. Global incentive compatibility of the solution follows from
the fact that the expected production costs are decreasing in each
agent’s type. M

Proof of Proposition 2: Let the optimal centralized contract involve
the partition $ u u

1 , u u
2
v} of the message sets of the two agents, with associ-

ated production assignments $ auv} . Thus, if agent 1’s type is u 1 [
( u u

1
2 1, u u

1] and agent 2’s type is u 2 [ (u u
2

,v1 1, u u
2
v], then the former

sends the message mu
1 , the latter sends mv

2, and the production assign-
ments are (au

1
v , au

2
v). Conditional on u 1 [ ( u u

1
2 1, u u

1], the principal’s
payoff is

p c(k1k2, k1k2 | u 1)4 O
k2

v4 1
[B(auv)1 h1( u 1)c1(auv

1 ) 1 huv
2 c2(auv

2 )] D Fur

2 , (i)

where D Fuv
2 [ F2( u u

2
v) 1 F2(u u

2
,v1 1) and hu

2
v denotes the expected virtual

cost of agent 2 conditional on the event that u 2 [ ( u u
2

,v1 1, u u
2
v], i.e.,
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huv
2 [ E u uv

2

u u,v11
2

h2(u 2) dF2( u 2)/ D Fuv
2 .

Now consider the following prime contract under delegation. The
principal chooses the same partition $ u u

1} for agent 1 as under centrali-
zation, and the control sets are defined as follows:

S(mu
1) 4 $ (a1, B ) | a14 au

1, B 4 B(auv
1 , auv

2 ) for some 1 # v # k2} .

Thus agent 1 can choose any combination of production assignments
that the principal might have chosen under centralization. Further-
more, the prime contract for agent 1 is chosen as follows:

x1(B, a1, mu
1) 4 b u

1 ` B 1 g u
1c1(a1),

where g u
1 will be specified below, and the corresponding fixed payment

b u
1 ensures that marginal types earn the required informational rents.

Suppose that type u 1 [ ( u u
1

2 1, u u
1] does indeed report mu

1 (we verify
this claim at the end of the proof). Since c2(au

2
v) $ c2(au

2
,v` 1), it is optimal

for type u 1 [ ( u u
1

2 1, u u
1] of agent 1 to select an interval partition denoted

by $ u u
2
v(u 1)} and the production assignment auv when agent 2 reports

mv
2, i.e., u 2 [ (u u

2
,v1 1( u 1), u u

2
v( u 1)]. Agent 1’s expected payoff then be-

comes

O
k2

v4 1
h B(auv) 1 [b1(u 1) ` g u

1]c1(auv
1 ) 1 huv(u 1)2 c2(auv

2 ) j D Fuv(u 1).

where

D Fuv(u 1)2 [ F2( u uv
2 ( u 1)) 1 F2( u u,v1 1

2 ( u 1)),

and

huv(u 1)2 [ E u uv
2 (u 1)

u u,v11(u 1)
2

h2( u 2) dF2( u 2)/ D Fuv(u 1)2 .

This generates the following expression for the principal’s expected
profit:

p d(k1k2, k2 | u 1) 4 O
k2

v4 1

[B(auv) 1 h1( u 1)c1(auv
1 ) 1 huv(u 1)2 c2(auv

2 )] D Fuv(u 1)2 .

To prove the theorem we establish that for every u 1 [ Q 1,

p d(k1k2, k2 | u 1) $ p c(k1k2, k1k2 | u 1).

We shall proceed through a sequence of steps. In what follows, fix 1
# u # k1 and some type u 1 [ ( u u1 1

1 , u u
1]. Given a partition $ u uv

2 } and
numbers g and h1, define
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W($ u uv
2 } , g | h1) 4 O

k2

v4 1

[B(auv) 1 (h1` g )c1(auv
1 )1 huv

2 c2(auv
2 )] D Fuv

2 .

It follows that given the delegation scheme, type u 1 of agent 1 selects
the partition to maximize W( × , g (u 1) | h1(u 1)), where g ( u 1) 4 g u

1 `
b1( u 1) 1 h1(u 1). In contrast, the partition of Q 2 under centralization
will maximize W(× , d ( u 1) | h1 ( u 1)), where d ( u 1) 4 h1( u ˜ u

1 ) 1 h1( u 1), and
u ˜ u

1 is defined by

h1( u ˜ u
1) 4

E u u
1

u u11
1

h1( u 1) dF1( u 1)

F1( u u
1) 1 F1( u u1 1

1 ) .

Let $ u u
2
v(h1, g )} denote the partition that maximizes W( × , g | h1).

Defining

R( g |h1) 4 O
k2

v4 1
[F2( u uv

2 (h1, g )) 1 F2( u u,v 1 1
2 (h1, g ))]c1(auv

1 ),

it is evident that the resulting profit for the principal is

V( g | u 1) [ W($ u uv
2 (h1( u 1), g )} , g |h1( u 1)) ` g R( g |h1 ( u 1)).

In particular, we note that p c(k1k2, k1k2 | u 1) 4 V( d ( u 1) | u 1), while
p d(k1k2, k2 | u 1) 4 V( g (u 1) | u 1). To conclude the proof we need the
following two technical steps.

Step 1: For every h1, R( × | h1) is nonincreasing.

Step 2: For every u 1 [ ( u u
1

2 1, u u
1], V( g | u 1) is nondecreasing (non-

increasing) in g when g , 0 ( g . 0).

Proof of Step 1: This follows from a standard revealed-preference
argument. Take g and g ¢ such that g . g ¢ . Then

W($ u uv
2 (h1, g )} , g | h1) $ W($ u uv

2 (h1, g ¢ )} , g | h1),

W($ u uv
2 (h1, g ¢ )} , g ¢ | h1) $ W($ u uv

2 (h1, g )} , g ¢ | h1).

Adding these two inequalities, one obtains the claim. M

Proof of Step 2: Define

W*( g | h1) 4 W($ u uv
2 (h1, g )} , g | h1)

to be the maximized value of W( × , g | h1) over all partitions, so that
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V( g | u 1) 4 W * ( g | h1( u 1)) ` g R( g | h1( u 1)).

By a standard envelope argument,

W*( g | h1) 4 W * (0 | h1) 1 E g

0
R( t | h1) dt,

implying

V( g | u 1) 4 E g

0
[R( g | h1( u 1)) 1 R( t | h1( u 1))] dt ` V(0 | u 1).

The claim now follows from Step 1. M

Returning to the main proof, suppose the principal sets

g u
1 4 h1( u ˜u

1) 1 b1( u ˜u
1).

Then for u 1 4 u ˜ u
1 we have d ( u 1) 4 g ( u 1) 4 0. For u 1 , u ˜ u

1 we have

g ( u 1) 4 b1( u 1) 1 h1( u 1) ` [h1( u ˜ u
1) 1 b1( u ˜u

1)] $ 0,

d ( u 1) 4 h1( u ˜ u
1) 1 h1( u 1) 4 g ( u 1) ` [b1( u ˜u

1) 1 b1( u 1)] . g ( u 1).

A similar argument shows that when u 1 . u ˜ u
1 then d (u 1) , g ( u 1) ,

0. It follows that V(g ( u 1) | u 1) $ V( d ( u 1) | u 1), proving that the principal
obtains a payoff under delegation which is at least as high as that under
centralization.

It remains to show that the delegation mechanism is globally in-
centive-compatible, i.e., type u 1 will indeed report mu

1 to the principal.
If type u 1 were to report mw

1 instead of mu
1 , the subsequent subcontract-

ing problem would amount to selecting a partition, which depends on
u 1 and mw

1 , so as to maximize

O
k2

v4 1

$ B(awv) 1 [b1( u 1) ` g w
1 ]c1(awv

1 ) 1 hwv(u 1)2 c2(awv
2 )} D Fwv(u 1)2 ,

with $ aw
1

v ,B(awv)} [ S(mw
1 ). Let P( u 1, w ) denote the resulting maximized

value of this expression, and let $ u wv( u 1)
2 }k2v4 1denote an optimal solution

to this problem.
Using standard arguments [see Mirrlees (1986) and MMR (1995)],

it suffices to demonstrate that the function ¶ P( u 1, w)/¶ u 1 is nondecreas-
ing in w for all u 1. Since

¶ P( u 1, w )
¶ u 1

4 O
k2

v4 1
1 b ¢1( u 1)c1(awv

1 ) D Fwv(u 1)2

and g w
1 4 h1( u ˜ w

1 ) 1 b1( u ˜ w
1 ) is nondecreasing in w, the monotonicity

follows from the same argument used in Step 1. M
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Proof of Proposition 3: It suffices to show that there exists u [ $ 1, . . . ,
k1} such that u u1 1

1 , u u
1 , and a set of types u 1 [ ( u u1 1

1 , u u
1] of positive

measure, for which the strict versions of Steps 1 and 2 in the proof of
Proposition 2 hold. Specifically, we need to show that for all such u 1,
V( g | u 1) is strictly increasing in g in a neighborhood of g ( u 1). In turn
this requires that R( g |h1( u 1)) be strictly decreasing in g in a neighbor-
hood of g (u 1). Let u ˜ u

1 be defined as in the proof of Proposition 2.
Given arbitrary u, h1, g , it follows from straightforward differen-

tiation of W( × , g |h1) that for any w [ $ 1,..., k2} ,

¶
¶ u uw

2
W($ u uv

2 } , g |h1) 4 f2( u uw
2 )n( u uw

2 ; auw, au,w ` 1, h1, g ), (1)

where

n( u 2; a, a ¢ , h1, g ) [ B(a )1 B(a¢ ) 1 (h1` g )[ c1(a1) 1 c1(a ¢1)]

1 h2( u 2)[c2(a2) 1 c2(a¢2)].

Hence we obtain the following properties:

(i) ¶ W/¶ u uw
2 is independent of u uv

2 for any v ¹ w. Thus, given any pair
of partitions over agent 2’s type space $ u uv

2 } and $ u ˜uv
2 } , we have

W($ u uv
2 } , g |h1) 4 W($ u ˜uv

2 } , g |h1)

` O
k2

v4 1
E u uv

2

u ˜uv
2

f2(x )n(x; auv, au,v` 1, h1, g ) dx. (2)

(ii) W is unimodal in u uw
2 , in the sense that W( × , g |h1) is increasing in

u uw
2 at any u uw

2 , u uw
2 (h1, g ), and decreasing in u uw

2 at any u uw
2 .

u uw
2 (h1, g ), strictly so if auw

2 . au,w` 1
2 . This follows from auw

2 $
au,w` 1
2 by virtue of the incentive compatibility condition for agent

2.

Properties (i) and (ii) together imply:

Step 3: For arbitrary h1, g , and any $ u ˜ uv
2 } ¹ $ u uv

2 (h1, g )} ,

W($ u uv
2 (h1, g )} , g | h1) . W($ u ˜uv

2 } , g | h1)

if it is the case that there exists some v [ $ 1, . . ., k2} for which

u uv
2 (h1, g ) [ int Q 2 and auv

2 . au,v` 1
2 .

Step 4: For some u, 1 # u # k1, such that u u1 1
1 , u u

1 , there exists a
neighborhood N of u ˜u

1 such that for any u 1 [ N, in some neighborhood L of
g ( u 1) it is true that for any g [ L, u uv

2 (h1( u 1), g ) lies in the interior of Q 2,
and auv ¹ au,v` 1 for some 1 # v # k2.
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Proof: Suppose this is false. Then for every u and every integer n we
can select u n

1 [ Q 1 satisfying | u n
1 1 u ˜u

1 | , 1/n, and a corresponding
sequence g mn ® g ( u n

1) as m ® ` , such that for every v with auv ¹
au,v` 1, u uv

2 (h1( u n
1), g mn) is noninterior, i.e., either u 2 or u 2. This implies

that for every n, communication with agent 2 is of no value in the
problem of maximizing W( × , g nn | h1( u n

1)) over all k2-element partitions
over agent 2’s type space Q 2. Since this problem satisfies all the condi-
tions for the theorem of the maximum, taking n ® ` we obtain a
solution to the problem of maximizing W( × , 0 | h1( u ˜ u

1)) over all parti-
tions. However, this problem reduces exactly to the problem of select-
ing an optimal centralized contract, contradicting the assumption that
communication with agent 2 is valuable under centralization. M

It follows from Step 4 that for every u 1 [ N and every g [ L
there exists a value of v [ $ 1, . . . , k2} such that u uv

2 (h1(u 1), g ) [ int
Q 2 and auv ¹ au,v` 1.

Step 5: u uv
2 (h1( u 1), g ) [ int | Q 2 and auv ¹ au,v` 1 implies auv

2 .
au,v` 1

2 , auv
1 ¹ au,v` 1

1 , and

u uv
2 (h1, g ) ¹ u uv

2 (h1, g ¢ ) if g ¹ g ¢ .

To prove this, note that by incentive compatibility for agent 2 we
have auv

2 $ au,v` 1
2 . Now if auv

2 4 au,v` 1
2 , then the production nonsepara-

bility condition implies that auv
1 4 au,v` 1

1 , since auv by definition maxi-
mizes B(a ) 1 hu

1c1(a1) 1 hv
2c2(a2). Hence we contradict the premise that

auv ¹ au,v` 1, and it must be the case that auv
2 . au,v` 1

2 .
A similar argument establishes that auv

1 ¹ au,v` 1
1 . Finally, note

that u uv
2 (h1( u 1), g ) [ int Q 2 implies that n(u uv

2 (h1( u 1), g ); auv , au,v` 1,
h1( u 1), g ) 4 0. For any such v, if it is also true that auv

1 ¹ au,v` 1
1 , then

g ¹ g ¢ implies

u uv
2 (h1( u 1), g ) ¹ u uv

2 (h1( u 1), g ¢ ),

which completes the proof of Step 5.
Steps 3, 4, and 5 taken together then establish that there exists u

with u u1 1
1 , u u

1, and a neighborhood N of u ˜u
1 , such that for any u 1 [

N there is a neighborhood L of g ( u 1) such that for any g [ L and g ¢
¹ g we have

W($ u uv
2 (h1(u 1), g )} , g |h1( u 1)) . W($ u uv

2 (h1( u 1), g ¢ )} , g |h1( u 1)).

Thus, the first inequality in the proof of Step 1 is strict, and R( g | h1( u 1))
is strictly decreasing in g , in a neighborhood of g ( u 1), for a set of u 1’s
of positive measure. This concludes the proof of Proposition 3.
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