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Abstract

This paper considers standard agency models, and provides a new nec-
essary and sufficient condition for the agent’s action to be implementable.
The new condition works best when we are interested in implementability
of the first-best action, which is an interesting question to ask if we in-
troduce a possibility of renegotiation. We derive some economic sufficient
conditions of implementability of the first-best action. We also show that
our condition is applicable to other models than the standard agency mod-
els, such as multi-agency models and an adverse selection model where the
principal can observe a signal of the agent’s type ex post.
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1 Introduction

In the standard agency model, the profit-maximizing principal must simulta-
neously decide the action she wants to induce the agent to choose, and the
contract which supports it in the least costly way. It is in this respect that
the decomposition proposed by Grossman and Hart (1983) facilitates analysis
considerably. The essence of their approach is to fix an action arbitrarily, and
then find a contract which minimizes the (expected) payment to the agent, un-
der the constraint that the agent is willing to choose the action. The solution
of this problem determines the maximum surplus of the principal, associated
with the action. Then the principal chooses the action which maximizes the
associated surplus. The decomposition is analytically convenient because the
cost-minimization problem the principal faces given an action often becomes
a tractable convex program, while the original problem of finding the optimal
contract is not.!

It is therefore important to determine whether the above cost-minimization
problem, given an action, has a solution at all; we say the action is imple-
mentable if the problem associated with the action is feasible. The existing
condition of implementability is the one by Hermalin and Katz (1991), which is
a direct application of Fan’s (1956) theorem on existence of a solution in linear
inequality systems. The condition, which is a necessary and sufficient condition
of implementability, builds on some convex analysis. Therefore, it is most con-
venient when the convexity structure of the model is well understood, although
this need not always be the case.

The purpose of this paper is to provide a new, alternative necessary and
sufficient condition of implementability in the agency model. In terms of math-
ematics, our condition is not very different from the one by Hermalin and Katz
(1991), but its appearance is. The condition states that an action of the agent
is implementable if (and only if) the action is a solution of some maximiza-
tion problem over the set of the agent’s actions. As will be seen in subsequent
sections, our condition is most relevant in examining implementability of the
first-best action, namely, the action that the principal induces the agent to
choose if the agent’s action is perfectly observable. This is because the max-
imization problem that appears in our condition can be easily related to the
maximization problem which determines the first-best action.

Using the condition, we derive the following economic sufficient conditions of
implementability of the first-best action. First, if the first-best action is still first-
best under the assumption that the principal can force the agent to randomize
among his actions, then the first-best action is implementable. Since the first-
best action is usually defined without a possibility of such randomization, being
first-best even when mixed actions are allowed is an additional requirement.
Second, if the first-best action is also first-best in the model where the agent is

In addition, one can explore properties of the cost-minimization problem which hold
independent of the fixed action. Those properties naturally take over to the optimal contract.



rather assumed to be risk-neutral (any other aspects of the model remain the
same), then that action is implementable.

If the agent is risk-averse, the first-best action need not be the second-best
action, because the cost of incomplete risk-sharing for the first-best action may
be very large, in comparison with other implementable actions. Nevertheless,
the issue of implementability of the first-best action is interesting per se, in rela-
tion to the literature on the role of contractual renegotiation in agency models.
For example, Hermalin and Katz (1991) consider an agency model where the
principal, after offering the initial contract and then observing the agent’s ac-
tion, makes a renegotiation offer. That is, the agent’s action is assumed to be
observable in their framework, but it is not verifiable or contractible. In this
setting, Hermalin and Katz (1991) show that, as a consequence of renegotiation,
any implementable action (when renegotiation is not allowed) is implementable
under renegotiation at the first-best cost. Therefore, their result states that any
agency cost associated with incomplete risk-sharing disappears when renego-
tiation is possible, if the action is implementable. However, the agency cost
still remains positive if the first-best action is not implementable. Thus imple-
mentability of the first-best action is an interesting question to ask, because it
determines when the agency cost completely vanishes, thanks to renegotiation.?

In this paper, we also discuss how our implementability condition applies to
other related models. We consider two types of model. The first is an extension
of the agency model to the case with multiple agents. As in the single-agent
model, we present an economic sufficient condition of implementability of the
first-best action profile. Again, the result is most relevant when renegotiation
is possible. Ishiguro and Itoh (2001) extend the idea of Hermalin and Katz
(1991) to the multi-agent setting, and show that any agency cost of an action
that is implementable without renegotiation vanishes, if there is an opportunity
of renegotiation. Together with their result, our condition is again helpful in
determining when the agency cost vanishes at all.

The second model is an adverse selection model studied by Riordan and
Sappington (1988), where the regulator (interpreted as the principal) observes
a contractible signal about the type (cost structure, more specifically) of the reg-
ulated monopolist (interpreted as the agent), after the monopolist has chosen its
outputs. In this model, a contract can depend on the ex post signal, and this fea-
ture allows us to rewrite the incentive problem of each type of the agent (that is,
the incentive to report his type truthfully) into an incentive problem of a closely
related moral hazard problem. Thus implementability of a particular outcome
in an adverse selection model can be reduced to implementability of particular
actions in the corresponding agency model, and therefore our technique is appli-

2Hermalin and Katz (1991) also consider a model in which it is the agent who offers a
renegotiation contract, and show that the first-best action is always implementable at the first-
best cost. From this viewpoint, our results help examine when the format of the renegotiation
game, in particular, who makes the renegotiation offer, is irrelevant for the purpose of achieving
the first-best.



cable. We present an economic sufficient condition for implementability of the
first-best outcome, which is different from the one by Riordan and Sappington
(1988).

Legros and Matsushima (1991) use the same technique based on Fan’s (1956)
theorem for the issue of enforcing efficient action profiles within a partnership,
and they derive a necessary and sufficient condition to implement the efficient
action profiles by using an appropriate transfer scheme. Similar mathematics is
used in Fudenberg, Levine and Maskin (1994), who provide a sufficient condition
of sustaining the efficient actions by repeated play, rather than a transfer sched-
ule. See d’Aspremont and Gerard-Varet (1998) for an overview which explains
their results in a unified way. Thus it is interesting to examine whether our
new implementability condition gives some new insights to those partnership
models and provides some economically interesting sufficient conditions of im-
plementability. The main difference between the agency model (in particular,
the multi-agency model) and the partnership model is that budget-balancing
enters as an additional, linear constraint in the latter model.? It is an interest-
ing avenue of future research to accommodate the budget-balancing constraint
into our approach and extend it to the partnership model.*

The rest of this paper proceeds as follows. In Section 2, we describe the
model. In Section 3, the existing implementability condition is discussed, and
then we present a new condition of implementability. In Section 4, we apply
the new implementability condition to the standard agency model, and provide
several sufficient conditions of implementability of the first-best action. In Sec-
tion 5, we present an example of the agency model and see how our condition
works. In section 6, we extend our method to a multi-agency model and an
adverse selection model with an ex post signal. In both cases, we provide a
sufficient condition of attainability of the first-best actions/outcomes.

2 The Basic Model

There are two parties, the principal (often denoted P), and the agent (often
denoted A).> We denote the set of A’s actions (or efforts) by E, which is assumed
to be a finite set. The set of signals is a finite set Y, and the probability

3The idea of budget-balancing is also important in the repeated games studied by
Fudenberg, Levine and Maskin (1994). In order to achieve cooperative outcomes, the players
want to arrange future reward and punishment, so that future play does not entail efficiency
loss. This idea is quite similar to that of budget-balancing.

4As d’Aspremont and Gerard-Varet (1998) point out, the methods for the partnership
models are first used in some adverse selection models such as d’Aspremont and Gerard-Varet
(1979). Therefore, as we connect our implementability condition in the agency model with
the adverse selection model by Riordan and Sappington (1988), there may be some connection
between some other adverse selection models and the partnership model. It is another avenue
of future research to explore the connection.

5Throughout the paper, we assume that a female principal hires a male agent.



distribution of the signal given an action e € E is denoted by 7w(yle). We
assume 7(yle) > 0 for any y € Y and e € E.

The agent’s utility function is separable with respect to his action and mon-
etary income, and is given by u(w) — ¢(e), where w is the income. We assume
u : R — R is continuous, strictly increasing and unbounded above and below,
so that the inverse u~! exists, with the domain being R. We do not need any
additional restriction such as strict concavity. We also assume that the agent’s
reservation utility is zero. The utility function of the principal can depend di-
rectly on both the signal she observes and the agent’s action. Specifically, we
assume that if A chooses e, a signal y € Y is realized and P pays w to A, then
the principal’s utility is R(e,y) —w. Thus R(e,y) is her revenue under the state
(e, ).

Possible dependence of R on e implies that P might be able to observe e.
However, we assume e is unverifiable, and therefore the contract can depend
only on y. We thus denote a contract by w(y). One interpretation is that P
can observe the agent’s action only after a long period of time, and P must pay
to A before she learns e, because A is liquidity-constrained. In this case, it is
implicitly assumed that she cannot collect any penalty after learning the actual
effort of the agent.

In this setting, the principal’s objective is to find out the optimal contract
that is incentive compatible and individually rational. Hence the problem P
solves is

max yey[R(@ y) —w(y)]m(yle)

subject to

> ulw(y)mlyle) —ele) = Y u(w(y))m(yle’) — (') (1)

yey yey

for any ¢’ € E, and

> u(w(y))r(yle) —efe) = 0. (2)

yey

We denote the above maximization problem by (P*). Since we assume that u
is unbounded below, we can formulate (P*) so that the individual rationality
condition (2) is binding, without loss of generality.

3 The Implementability Condition

The core of the decomposition by Grossman and Hart (1983) is to solve (P*)
in two steps. First, we fix e € E arbitrarily, and find a contract that maximizes
P’s payoff, under the constraint that A chooses e in an incentive compatible
and individually rational manner. We thus solve the following minimization



problem, which we call (P(e)).

min > w(y)r(yle)

yey

subject to (1) and (2). Note that (P(e)) is a convex problem if u is concave.

We call e € E is implementable iff the constraint set of the minimization
problem (P(e)) is nonempty; that is, a contract w(-) exists such that (1) and
(2) hold. We also say that a contract implements e if it satisfies (1) and (2).
While implementability does not generally ensure existence of a solution of
(P(e)), it does when we assume u is concave.5 Let V (e) be the value of (P(e)).
Then P will implement e that maximizes »_ .y R(e,y)7(yle) — V(e) over the
set of implementable actions. This is the second step of the Grossman-Hart
decomposition.

Here we concentrate on the first step and discuss when a given action e € F
is implementable. Hermalin and Katz (1991) offer a clearest answer to this
problem, which utilizes the existence theorem for the linear inequality system
by Fan (1956). We state the result without a proof, because it is well-known.

Theorem 1 Fize € E and let E' = E \ {e}. e is implementable if and only if
there exists no {A(ei)}e,er’, where A(e;) > 0 for any e; € E', such that

S Meor(yles) = n(yle) (3)

e, €E’

foranyy €Y, and

D Mei)eles) < cle). (4)

e, €E’

Theorem 1 has a clear economic interpretation. To see that, note first that
if there exist positive weights, {A(e;)}e;er/, such that (3) and (4) hold, we
have ), cp A(e;) = 1, by summing (3) up over y. Hence {A(€i)}e,cr can be
interpreted as a mixed strategy of the agent. (3) implies that the mixed strategy
induces the same probability distribution of the signal as e, and therefore results
in the same expected payment from P, given any possible contract. Since (4)
holds, this outcome-equivalent deviation costs less to the agent than e, and
therefore A is better off by choosing the mixed strategy given any contract. Thus
no contract gives A an incentive to choose e, so that e is not implementable.
What makes this result surprising is the only-if part; namely, no existence of such
outcome-equivalent and cost-saving deviation is sufficient for implementability.

Using Theorem 1, Hermalin and Katz (1991) provide the following simple
sufficient condition of implementability, which they call the “convex-hull condi-
tion.” We omit the proof, since it is trivial.

SFurthermore, strict concavity of u implies uniqueness of the solution.



Proposition 1 Fize € E and let E' = E \ {e}. e is implementable if w(-|e) is
not in the convex hull of {m(:|€')}ercp.

Using Proposition 1, we can prove, for example, that e is implementable
if there exists y € Y such that e uniquely maximizes (or uniquely minimizes)
7(y|-). This observation is in particular useful when F and Y satisfy the mono-
tone likelihood ratio property (MLRP). Then, for the “best” signal y, 7(y|-) is
maximized at the maximum level of efforts, which implies implementability of
that level of efforts.

As the above argument indicates, Theorem 1 is a convenient tool to de-
termine implementability of a certain action, but it requires some knowledge
about the convexity structure of the model. If the signal space is very rich,
it may be difficult to determine what the convex hull of {7(-|¢')}ercps is and
how it is related to w(-|e). This is why we believe introducing an alternative
implementability condition is useful. The following result, Theorem 2, provides
such an alternative. As will be seen in the subsequent sections, this condition
can be conveniently applied to various agency models, especially when we are
interested in attainability of first-best outcomes.

Theorem 2 Fiz e € E and let M be the set of probability distributions on E.
e is implementable if and only if there exist two functions, g : M — R and
h: R — R, such that

(i) For any m € M such that ), .pm(ei)m(yle;) = m(yle) for any y € Y,
where m(e;) is the probability of e; under m, we have g(e) = g(m).”

(i) h is strictly increasing, and

(iii) e solves

max [g(m) — h( Y m(es)e(er))]. ()

meM
e, €EFE

Proof. Suppose e is implementable, and let {w(y)}yev be a contract that
satisfies (1) and (2). Form € M, define g(m) = - oy 3", cp w(y)m(e;)m(yle:).
It is easy to see that g satisfies (i). Hence if we set h(xz) = z, for which (ii) is
trivially satisfied, then (1) immediately proves that (iii) is also satisfied. This
completes the proof of the “only-if” part.

Next, fix e € E and suppose that there exist g and h such that (i)-(iii) hold.
Define E' = E \ {e} and suppose that there exists A = {\(e;)}e,cr’, where
Ae;) > 0 for any e; € E’, such that (3) and (4) hold. Then m € M exists
such that m(e) = 0, >_, cp m(ei))m(yle;) = m(yle) for any y € Y, and that
> e.cpr m(ei)c(ei) < c(e). Hence by (i) and (ii), e cannot be a solution of (5),
a contradiction. Consequently, there cannot exist any A > 0 satisfying (3) and
(4). Hence by Theorem 1, e is implementable.

"We abuse notation so that e means a particular element of M.



As the above proof suggests, the idea of Theorem 2 is not very different from
that of Theorem 1. However, its apparent statement is quite different, because
it is stated in terms of a maximization problem. While the main difficulty in
applying Theorem 2 to implementability problems is to find out functions g and
h with the above properties, we will see in the subsequent sections that the task
might not be so difficult, especially when we are interested in implementability
of the first-best actions in agency and other related models.

4 The Standard Agency Model

In this section, we demonstrate how the new implementability condition, Theo-
rem 2, can be applied to the standard agency model. Throughout this section,
we make an additional assumption that the ex post revenue of the principal de-
pends solely on y. Thus we write R(e,y) = R(y). Therefore, the agent’s action
has an influence on the principal’s payoff only through (-|e).
As usual, the first-best action is defined as the solution of the following
problem.
max[» " R(y)m(yle) — u~" (c(e))]. (6)

ecE
yey

The underlying idea is that in the first-best world, P can write a contract that
is directly dependent on e. Then P would pay the amount to the agent that
leaves him no surplus if A chooses e, and would collect a large amount of fine
otherwise. By so doing, P obtains exactly the value of the objective function
(6).

For the later purpose, it is instructive to compare (6) with the following

problem.
ggﬁ[z > Ry)r(yle)mie) —u™ (Y m(e)e(e))]- (7)

yeY ecE ecE

Both (6) and (7) have the same objective function, although only pure actions
are allowed in (6). Thus the value of (6) is no greater than that of (7). Indeed,
it is often the case that the value of (7) is strictly greater than that of (6). To
see that, suppose u is strictly concave and two actions maximize (6). Then
the objective function of (7) is also strictly concave, and therefore any (non-
degenerate) convex combination of the two first-best actions achieves a greater
value.

Although the literature treats (6) as the description of the first-best world,
the problem (7) would be more relevant if P can force A to play mixed strategies.
In this case, the implicit scenario is that P has the ability to monitor not only
the agent’s action, but also realization of a randomization device on which the
agent’s behavior can depend. Therefore P can induce a mixed strategy m by
writing a contract which pays u=! (3", .y m(e)c(e)) to A if he conforms to m, and
collects a large amount of fine otherwise. Before randomization, the expected



payoff of A when he follows m is zero, so that A is willing to accept the contract.
Consequently, P obtains the value of the objective function (7).

We do not argue here which framework is a more relevant description of
the first-best world. We just invoke the new problem (7), because it helps us
understand when the first-best action (the solution of (6)) is implementable.

Proposition 2 Let e be a first-best action. If e also solves (7), then it is im-
plementable.

Proof. Define g(m) = >_ oy > .cp R(y)m(yle)m(e) and h = u~!, and let us
apply Theorem 2. It is easily seen that g and h satisfy conditions (i) and (ii),
respectively. Since e solves (7), condition (iii) also follows, and therefore e is
implementable.

Proposition 2 states that if the first-best action is “super first-best” in the
sense that it is still optimal if P can implement any mixed strategy, then the
super first-best action is implementable. Section 5 will give an example which
shows the difference between being first-best and being super first-best.

If u is strictly concave and differentiable, ! is also differentiable. Therefore,
e solves (7) if the first-order condition is valid at e, because the objective function

of (7) is strictly concave. If we write v = u™!, e solves (7) if and only if, for any
e € E\ {e},

> RW)n(yle’) —m(yle)] —v'(c(e)e(e’) — e(e)] < 0. (8)

yey

One advantage of (8) is that we need not know the exact structure of m, as far
as we know the structure of expected revenues of the principal as a function of
the agent’s action. Thus, if we define B(e) = >_ .y R(y)7(yle), all we have to
know about the model in order to apply Proposition 2 is about B, u and c.

We do not claim that Proposition 2 is always a better tool to check imple-
mentability of the first-best action than Proposition 1. Indeed, as the argument
just after Proposition 1 shows, if the MLRP holds and if the maximum level of
efforts is first-best, then Proposition 1 immediately proves that the first-best ac-
tion is implementable. Our point is that Proposition 2, or any other result that
stems from Theorem 2, offers an alternative tool to determine implementability
of (possibly first-best) actions.

The following result provides another sufficient condition of implementability
of the first-best action.

Proposition 3 Suppose the first-best action e is also the first-best action if the
von-Neumann Morgenstern utility function of the agent, w, is replaced with the
identity mapping of R. Then e is implementable.



Proof. Define g(m) = > v > .cp R(y)m(yle)m(e) and h(z) = =z, and let
us apply Theorem 2. It is easy to see that g and h satisfy conditions (i) and
(ii), respectively. By assumption, condition (iii) also follows, and therefore e is
implementable.

The assumption of Proposition 3 is most likely to be satisfied if the agent
is almost risk-neutral, because then the first-best action is likely to remain the
same, if we rather assume that the agent is risk-neutral.® Note that the above
proof does not need the fact that e is first-best in the original agency problem.
Thus it follows that the action that would be optimal if the agent were risk-
neutral is implementable, whether it is also first-best in the original model or
not.?

As was stated in the introduction, Propositions 2 and 3 are important when
combined with the analysis of the role of renegotiation by Hermalin and Katz
(1991). Assuming that the agent’s action is observable to P but unverifiable,
Hermalin and Katz (1991) consider two cases in which a renegotiation contract
is offered after P observes e, either by P or by A, respectively. In the framework
where P makes a renegotiation offer, Hermalin and Katz (1991) show first that
the set of implementable actions is not affected by introduction of renegotiation,
and then show that any action that is implementable without renegotiation is
implementable at the first-best cost under renegotiation. Therefore, the princi-
pal’s payoff is equal to the objective function of (6).

Hence the agency cost completely disappears if the first-best action is imple-
mentable. While Hermalin and Katz (1991) present the convex hull condition
(Proposition 1) as a sufficient condition of implementability of an (possibly
first-best) action, our results are considered as alternative sufficient conditions
of implementability of the first-best action.

Another important result of Hermalin and Katz (1991) is that if A makes
the renegotiation offer, the first-best outcome is always achieved. Thus, from a
welfare viewpoint, it is better to let the agent make the renegotiation offer, in a
weak sense. However, to the extent that the first-best action is implementable,
the same outcome is attainable when P makes the offer, and therefore the format
of the renegotiation game as to who proposes renegotiation does not matter.
From this viewpoint, Propositions 2 and 3 also tell us when such an irrelevance
result obtains.

A recent paper of Edlin and Hermalin (2001) considers the intermediate
case where the renegotiation surplus is divided according to exogenously given
nonzero bargaining powers of the parties. Then Edlin and Hermalin (2001)
show that the first-best action is implementable at the first-best cost under

8However, the second-best contract that implements the first-best action would be affected
by the exact shape of u.

9 An alternative, more direct proof of Proposition 3 goes as follows. Since e is optimal for a
risk-neutral agent, the “sell-the-firm” contract satisfies both (1) and (2). Hence the contract
obtained by mapping the sell-the-firm contract by w~!, implements e for the agent with w.

10



any allocation of bargaining powers at the renegotiation stage, if the first-best
action is implementable without renegotiation and if it satisfies an additional
requirement, which is closely related to the convex-hull condition. Our result
is not directly applicable to their framework, because Propositions 2 and 3
alone will not tell us whether the additional condition is satisfied. Nonetheless,
our method seems to complement the stronger irrelevance result by Edlin and
Hermalin (2001) at least in some cases.

5 An Example

In this section, we present a specific example of the agency model, and examine
how our condition of implementability of the first-best action, Proposition 2,
works in comparison with the convex-hull condition. Indeed, the example has
such simple structure that a direct application of Theorem 1 gives a complete
characterization as to when the first-best action is implementable. Nevertheless,
the example is helpful in understanding how our condition is used, and how it
is different from the convex-hull condition.'® In this respect, it is worthwhile to
work with a simple example.

We have only three actions of the agent and two signals, which we write
E = {ej,ez,e3} and Y = {y1,y2}. We assume 7(yzle;) = 0.1, w(yz2|e2) = 0.5
and 7(yzles) = 0.9; u(x) = /x5 c¢(e1) =0, c(ez) = 1 and c(eg) = p > 1; and

_ _ 5 ify=ys

Rle.y) = Ry) = {0 otherwise )
Thus y» may be considered as a good signal, and a more costly action makes yo
more likely. Note that the MLRP is satisfied in this example.

By solving (6), it is easy to show that the first-best action is eq if & > /3
and es if 4 < v/3. Since the convex-hull condition in Proposition 1 is satisfied
for ez, implementability of ez immediately follows, whether it is first-best or
not. Thus Proposition 2 is not particularly useful when p < /3.

Hence let us assume p > /3, which implies that es is the unique first-best
action. Since

w(fe2) = grCler) + gmCles),

the convex-hull condition is not satisfied for e5. By Theorem 1, however, we
know that ey is implementable if

1

cle2) < =c(er) + 56(63).

N =

As a result, ey is implementable in our example iff u > 2. It also follows that
the first-best action is not implementable when p € (v/3,2).

10Tn fact, the example will tell us that the two conditions are mutually independent.

11



Let us compare this observation with what can be said about implementabil-
ity of es by applying Proposition 2. In order to apply the proposition, e; must
solve (7). Since u is strictly concave and differentiable, we can use (8). If we set
e = e and €' = eq, (8) reduces to 0 < 0, which is always true. If we set e = ey
and e’ = es, then (8) reduces to p > 2, which is equivalent to implementability
of e5. Thus this example shows that Proposition 2 can be a powerful tool to
determine when the first-best action is implementable.

However, we must admit that Proposition 2 somewhat works too well in this
example. To see this, let us replace (9) in the above example with

_[10 ify=uyo

Rly) = {0 otherwise (10)
Although this change does not have an effect on when e, is implementable, it
does have an effect on when it is first-best. In the new example with (10), ez is
first-best iff ;1 > /5. Again, using (8), we can show that ey solves (7) iff p > 3.
To sum up, while the first-best action e, is indeed implementable if p > /5,
Proposition 2 covers only the case where p > 3.

6 Extensions

So far, we are concerned with applying our implementability condition to the
standard agency model. In contrast, this section shows that it is applicable to
other closely related models. In the following two subsections, we first consider
an agency model with multiple agents, and then an adverse selection model
studied by Riordan and Sappington (1988). As before, much emphasis is put
on attainability of the first-best actions/outcomes in both models.

6.1 A Multi-Agency Model

We extend the basic model to the following multi-agency model, where there
are only two agents (Agent 1 and Agent 2). Let E; be the set of Agent 4’s
actions, which is finite. Now we define F = E; X FEs, which is the set of action
profiles. Y is the (finite) set of signals, and the probability distribution of the
signal given e = (e1,e2) € E is w(yle). We assume 7(yle) > 0 for any y € ¥
and e € E.

Agent 4’s utility is w;(w;) — ¢;(e;), where w; is her income. Each u; is con-
tinuous, strictly increasing and unbounded above and below, so that ui_l exists.
Here P’s revenue depends entirely on y, denoted by R(y). Since there are two
agents, now the contract is {w(y)}yey, where w(y) = (wi(y), w2(y)).

An action profile e = (e, e2) is implementable if there exists {w(y) }yey such
that

Y wilwily)mlyle) = ciles) = Y uiwi(y)w(yl(el ;) — cier) (11)

yey yeY
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for any i and any €} € E;.1!

(11) reveals that implementability of an action profile é is equivalent to
implementability of two actions in two different single-agency models. Namely,
for each ¢ = 1,2, let A(i;€;) be the agency model with the action set E;, the
signal set Y, the probability distribution 7(y|(e;,é;)) and the utility function
ui(w;)—c;(e;).**> Then é is implementable iff each ¢; is implementable in A(i; ;).

Let e* = (e7, e3) be a first-best action profile. That is, it solves

max[ > | R(y)m(yle) ) —uyt(ei(en)) = ugy H(ez(ea))).
yey
We want to prove a counterpart of Proposition 2 in the model with two agents.
Let M; be the set of probability distributions on E;, whose generic element is

m; = {m;(e;)}e;em,;. Let us consider the following problem.

2

omax [0S Rr(lemle) - > ut (Y miedale)),  (12)

YyEY e€E i=1 e;€E;

where m(e) = my(e1)ma(ez). For the same reason discussed in Section 4, e*
need not solve (12) in general.

Proposition 4 Let e* be a first-best action profile. If it also solves (12), then
it is implementable.

Proof. By assumption, each e} solves

max [ 57 R)n(yl(es, e))mi(edm; (€]) — u; (32 males)eilen)):

miEM;
yeY eeE e, ek,

If we set

Z Z R y| €i, ]))ml(el)mi(ej)

yeY eekE

and h = ui_ in each A(i; €}), Theorem 2 implies that each e; is implementable.
Therefore e* is 1mplementable

As in the model with a single agent, Proposition 4 is important when we
introduce renegotiation. Indeed, this is the subject of Ishiguro and Itoh (2001),
who analyze the same type of two-agent model with a particular renegotiation
format. Ishiguro and Itoh (2001) assume the agents can observe their actions
before realization of the signal, while P cannot. Immediately after observing the
other agent’s action, one agent makes a renegotiation offer, which is accepted

HHere we ignore the individual rationality condition because we can always adjust w so
that it is satisfied.
12We do not specify the revenue of P, because it is irrelevant for our purpose.
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or rejected by the other agent and then by the principal. In a similar vein
to Hermalin and Katz (1991), Ishiguro and Itoh (2001) show that the agency
cost for an action profile which is implementable under no renegotiation van-
ishes if such renegotiation is possible.!® Thus if the first-best action profile
is implementable without renegotiation, the agency cost completely vanishes.
Proposition 4 gives an answer as to when this is the case.

As we derive Proposition 4 as an analog of Proposition 2, we can easily prove
an analog of Proposition 3 in this multi-agency setting. The extension is very
easy, so we omit it here.

6.2 An Adverse Selection Model

The purpose of this subsection is to apply our implementability condition to
some adverse selection models. Generally speaking, the application is not easy
because the adverse selection model is very different from the moral hazard
model in structure. An important exception exists, however, which is a model
studied by Riordan and Sappington (1988), where the principal receives some
signal about the agent’s actual type after the agent chooses efforts. We introduce
their model and discuss attainability of the first-best outcome, which is also the
subject of Riordan and Sappington (1988), using the method developed in this
paper.

Let us start from description of an adapted version of the model by Riordan
and Sappington (1988). P hires A, whose type is unknown to P. Let © be
the set of the agent’s types, assumed to have n elements and denoted by © =
{61,602, --,0,}. The agent, given his type and a contract (to be defined later),
chooses an action from the set X = {x1, 22, -+, 2,}. We assume z € X is
observable and verifiable. Tt costs the agent c¢(x;0) if his type is § € © and his
action is z € X. Note that both X and © have exactly n elements. The idea is
that X is a subset of a larger action set, each element of which corresponds to
the action P wants a certain type of A to choose from the larger set.'* Since x
is verifiable, P can prevent A from choosing an action outside X, by setting a
severe penalty for such a deviation.

After choosing the action, and before the payment is made, P observes a
signal about A’s type. As in Section 2, let Y be the set of signals, which is
assumed to be finite. We denote the probability of signal y € Y given that the
agent is of type 6 by u(y|6).'> We assume u(y|0) > 0 for any y € Y and 6 € ©.
The signal is also verifiable, so that P can write a contract contingent on both

13Precisely speaking, their result is based on the assumptions that the signal is two-
dimensional (y = (y1,¥2)), y1 and y2 are independent, and the marginal distribution of
y; depends entirely on e;. Hence the signals are independent performance signals in their
model.

14Thus we deliberately exclude the case in which P wants some types of the agent to choose
the same action.

15The implicit assumption is that A cannot change the distribution of the signal by changing
his action. Thus we do not allow any garbling of the signal by A.
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x € X and y € Y, which is the innovation of Riordan and Sappington (1988).
Thus the contract is given by w(z,y). Given a contract w, if x is chosen and y
is observed, the payoff of the agent of type 0 is w(z,y) — ¢(z;0), and the payoff
of the principal is R(x,y) — w(x,y). Note that P’s revenue depends on both x
and y, but not on #, while A’s cost depends on both z and #, but not on y.
Finally, both parties are assumed to be risk-neutral (hence no risk issue in this
model), and the agent’s reservation utility is zero, irrespective of his type.

We are interested in whether P can induce A with type 6; to choose x;, for
any ¢. The answer hinges on whether there exists a contract w such that

D uylbw(zi,y) — c(zi;0:) > Y p(yloi)w(z,y) — c(;0:)  (13)

yey yey

for any ¢ and x € X, and

> uylbw(as, y) — c(wi;6;) > 0 (14)

yey

for any . Unlike (2), here we cannot set the individual rationality condition to
be always binding, because some type of the agent may enjoy information rents.
We say w is feasible if it satisfies both (13) and (14).

Fix w, and define

vf =Y 10w, y) — clw; 6;) (15)

yeY

for each i. Using (15), we define the following agency problem for each ¢, denoted
by A(i;w), such that

E=0, (16)

m(yl0) = nu(ylo), (17)

c(0;) = c(zi;05) + v} (18)

and u(x) = 2.1% By (16), the expressions in the left-hand-sides of (17) and (18)

are relevant.
The following result establishes an important link between feasibility of the

given contract w and implementability of some actions in the agency problems,
A w)’s.

Proposition 5 Let w be given, and consider A(i;w) for each i. Then w is
feasible iff for each i, the contract defined by w' = {w(zi,y)}yey implements
the action 0; in A(i;w).

16 Again we do not specify the revenue of P, since it is irrelevant.
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Proof. Note that implementability of 6; by w® in each A(i;w) is equivalent to

> w(zi, y)w(yl6s) — c(8:) = Y wlxs, y)m(ylo;) — c(6)) (19)

yey yey

for any 7 and any j, and

> wlws, y)w(yl0:) — c(6;) = 0 (20)
yey
for any i. By (15), (17) and (18), (19) and (20) are equivalent to (13) and
(14). Hence feasibility of w is equivalent to implementability of §; by w® in each
A(i; w), which completes the proof.

Now we turn to a special case of the above adverse selection problem, in which
each x; is a solution of

e 3 R, y)u(ylfs) - ez 6:). (21)

yey

Thus, x; is the efficient action given that the type of the agent is 6;, in the
sense that it maximizes the joint surplus.'” We say the first-best outcome is
implementable if there exists a contract w which is feasible and satisfies (14)
with equality for any i. Thus implementability of the first-best outcome requires
not only efficiency, but also full extraction of surplus.

Let A*(z) be the agency problem obtained by setting vi = 0 for any j
in A(4;w) (any other aspect of A(i;w) remains the same). The analysis of
those moral hazard problems, A*(i)’s, turns out to be crucial in examining
implementability of the first-best outcome in our adverse selection model. To see
this “duality,” we give a new proof of the main result of Riordan and Sappington
(1988), which provides a necessary and sufficient condition of implementability
of the first-best outcome. While Riordan and Sappington (1988) prove the same
result with help of the mathematics Hermalin and Katz (1991) used for the proof
of Theorem 1, the idea of our proof is to utilize the relationship with A*(4).

Theorem 3 The first-best outcome is implementable iff for each i, there does
not exist an (n + 1)-dimensional vector A\ > 0 such that

Aorpt(l0:) =Y Aep(y|6r) (22)
k=1
foranyy €Y, and
Angrc(zs i) = O Ape(ai; ) = 1. (23)
k=1

171f we instead consider that A can choose from a larger set X’ O X, then each z; would be
the solution of (21) over the larger set X’. Again, we exclude the case where the same action
solves (21) for two different types.
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Proof. Fix i. If some A > 0 satisfies (22) and (23), then summing up (22)
over y € Y yields Apy1 > A If A1 = Ay, then A\; = 0 for any j # 4, and
therefore (23) cannot be true. Thus we have A,11 > A;.

Hence no existence of such A > 0 is equivalent to no existence of n = {n;};i,
where 7; > 0 for any j # 4, such that

p(yl6:) = nin(ylo;) (24)
J#

for any y € Y, and

mu > an xz, (25)

J#i

By Theorem 1, no existence of 7 > 0 such that (24) and (25) hold is equivalent
to implementability of 6; in A*(i).

The proof is complete if we show that implementability of 6; in A*(7) for any
1 is equivalent to implementability of the first-best outcome. Suppose each 6;
is implementable in A*(7), and let {w(z;,y)}yey be a contract that implements
it. Then, proceeding in the same way as the proof of Proposition 5, we can
show that the contract w(z,y) satisfies (13) and (14), with (14) being equality.
Hence the first-best outcome is implementable. In contrast, suppose the first-
best outcome is implementable, and let w(z,y) be a corresponding contract.
Since (14) holds with equality for any ¢, we have v = 0 for any 7. Thus by
Proposition 5, for each i, 6; is implementable in A*(z), which completes the
proof.

The above proof also establishes the following result as a corollary, which is
another necessary and sufficient condition of implementability of the first-best
outcome. We will use it in the subsequent analysis.

Proposition 6 The first-best outcome is implementable iff for any i, 0; is im-
plementable in A*(3).

Now we explore an economic sufficient condition of implementability of the
first-best outcome, relying on our method. The following condition is essential
in the analysis.

Condition 1 Let us define

Z R(z,y)u(yl0) — c(z;0). (26)
yey
Then we have
mm B(x;;0;) > mz;éx B(z;;6;). (27)
i,j7
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Roughly speaking, Condition 1 is satisfied if the situation is a coordination
problem. Namely, P (or the regulator, in the original model of Riordan and
Sappington (1988)) does not know which action fits the state of the world
(known only to the agent, which is the regulated monopolist in their frame-
work) best, but she knows that any coordination failure results in the worse
social surplus than successful coordination at the worst state.'®

Proposition 7 The first-best outcome is implementable if Condition 1 holds.

Proof. Fix 4, and consider A*(i). Let M be the set of probability distribu-
tions on ©. If we set g(m) = >° oy D pee R(zi, y)m(O)u(ylf) and h(z) = z,
then it is easy to see that conditions (i) and (ii) of Theorem 2 are satisfied.
Since #; maximizes B(z;;0) over © by (27), (26) implies that §; maximizes
g(m) —h(D_gce m(0)c(wi;0)) on M. Hence condition (iii) of Theorem 2 is also
satisfied. Therefore, by Theorem 2, 6; is implementable in A*(i). Since ¢ is
arbitrary, implementability of the first-best outcome immediately follows from
Proposition 6.

It is interesting to compare this result with the economic sufficient condi-
tions of implementability of the first-best outcome obtained by Riordan and
Sappington (1988). Their sufficient conditions (Corollaries 1.4 and 1.5, Riordan
and Sappington (1988)) are closely related to the convexity structure of the
model, such as convexity of c¢(x;0) with respect to 8, and so on. This is not
surprising because their analysis is based on the same mathematics that derives
Theorem 1. In contrast, we are able to provide another sufficient condition that
is much more related to the underlying welfare maximization problem.

18Condition 1 is hard to interpret in the original framework by Riordan and Sappington
(1988), where the type of the agent (the monopolist) corresponds to the degree of production
efficiency. Thus Condition 1 presumes a different situation, but note that nothing in the
description of the model limits us to the issue of regulating the monopolist. Indeed, even
in the context of regulation, Condition 1 is relevant if the variable the government wants to
control is coordination-oriented, such as the location of its plant and/or outlet. While the
government wants the firm to locate where products are much needed from a social point of
view, the firm would choose the location based on private incentives.
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