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In this paper we consider the problem of implementation when a principal hires many
agents and is not able to monitor their actions. We distinguish two cases: (i) when actions are
mutually observable among agents, (ii) when actions are not observable at all. In (i), there is a
mechanism in which the first-best arises as a unique perfect equilibrium. In (ii), we show by two
examples that typically there are multiple equilibria if the principal merely offers a set of optimal
sharing rules. However, we prove that the principal can use these optimal sharing rules as a
starting point and construct a multi-stage mechanism that has a unique second-best perfect
Bayesian equilibrium.

1. INTRODUCTION

Several papers have studied the principal-many agent problem: Holmstrom (1982),
Demski and Sappington (1984), Mookherjee (1984) and Malcomson (1986). The major
focus of these papers is the structure and welfare properties of the optimal incentive
schemes (sharing rules) the principal offers agents who take unobservable actions in a
correlated environment. These sharing rules are intended to implement a vector of agents’
actions as an equilibrium whose outcome maximizes the principal’s (second-best) welfare.
However, the implementation problem has never been adequately addressed. Optimal
sharing rules are in general not sufficient to guarantee the principal’s desired actions as
the only equilibrium in the agents’ game. In other words, the incentive schemes may fail
to implement uniquely the principal’s preferred actions. This problem is most explicit
when agents are assumed to use Nash equilibrium strategies, since typically there are
multiple Nash equilibria. In many examples, as we show below, the Nash equilibrium
the principal wishes to implement can involve agents choosing weakly-dominated
strategies, or there may be other Pareto superior (from the agents’ point of view) Nash
equilibria. It is then not at all clear that the principal’s preferred equilibrium will arise.

There have been attempts to avoid multiple equilibria, see Demski and Sappington
(1984) and Mookherjee (1982, 1984). The previous approach has been to strengthen the
set of incentive constraints so that the principal’s preferred equilibrium is in some sense
more stable. In other words, the principal is supposed to solve a more constrained
maximization problem. Apart from the fact, as Mookherjee (1982) has shown, that this
may be more awkward to solve, the principal’s welfare, due to extra constraints, invariably
decreases. However, as we demonstrate in this paper, there is an alternative way to solve
the implementation problem: by considering game forms with larger strategy sets, the
principal, exploiting features of the second-best incentive contracts, may be able to knock
out unwanted equilibria. Such a method has proved useful in a “hidden information”
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model of Demski and Sappington—see Ma, Moore and Turnbull (1987). In that paper,
besides a pair of incentive contracts, the principal also allows an agent to have more
strategies. By choosing the extra strategies and outcome function judiciously, we can
prove that the extended mechanism has a unique second-best Bayes-Nash equilibrium.
Here we are interested in Mookherjee’s model. This is an extension of Grossman and
Hart (1983). To provide a solution to the multiple equilibria problem of this “hidden
action” model, in addition to strategies we also put stages in the mechanism. Under
some conditions and by appealing to sequential rationality in the sense of Kreps and
Wilson (1982), we are able to implement actions as a unique perfect Bayesian equilibrium
whose outcome is the same as the desired equilibrium outcome if the principal had offered
just a set of incentive contracts. We therefore argue that there is no need for the principal
to incur additional cost by resorting to strengthening incentive contracts. In fact, he can
use the second-best contracts as a starting point to construct a “‘bigger’” game to determine
a unique (and still) second-best equilibrium outcome.

One other possibility that the recent literature has not explored is that even though
the principal does not observe agents’ actions, the agents nevertheless may be able to. It
is not hard to imagine situations in which agents operate together and take mutually
observable actions while there is no other party who can monitor them. In this case, the
analysis proceeds quite differently. We are able to establish a first-best result: the principal
may extract all relevant information about actions from agents. Indeed, under a mild
condition, we present a multi-stage mechanism to implement any desired actions as a
unique perfect equilibrium with first-best outcomes. In a recent paper, Moore and Repullo
(1986) also study multi-stage mechanisms in a general model and provide necessary and
sufficient conditions for sub-game perfect implementation of social choice corresponden-
ces. We note that the main distinction is that in their paper, the framework is “hidden
information”, while in ours, it is ‘“hidden action”.

The paper proceeds as follows. In Section 2, Mookherjee’s many agent model is
summarized. We discuss first-best contracts in a multi-stage mechanism when actions are
mutually observable in Section 3. Section 4 gives two examples to illustrate the consequen-
ces of multiple equilibria in the case of privately observable actions. We introduce another
multi-stage mechanism that (sequentially) uniquely implements second-best outcomes in
Section 5. Last, conclusions are given in Section 6.

2. THE MODEL

For most of the paper we shall concentrate on the case of one principal contracting with
two agents, although the results derived generalize to any finite number of agents and
we shall point out the necessary extensions as we go along. A principal owns two
production processes, f%(a, b, 6%), g = A, B, where (6", 8°) is a vector of discrete random
variables which may be correlated, and (q, b) is a pair of actions to be decided by agents
A and B respectively. For a pair of actions and a realization of the random variables,
each production process generates one of a (finite) range of possible outputs. Let
XA={x{,...,x’and X®={xP,..., x7} be the possible outputs for f* and f* respec-
tively. The sets of actions available to agents A and B are also finite and denoted by
A={a,,...,ax} and B={b,,..., b, } respectively. It is more convenient to work with
probability distributions on X%, g = A, B induced by a pair of actions and the random
variables. Hence, we let ;(a, b;) be the probability of output pair (x7, x) in X% x X *
under actions (a,, b)) in Ax B. It is assumed that for each pair (x;', x;°) there is at least
one action pair (ay, b;) such that 7;(ay, b)) >0. With (a, b;), the principal, who is risk
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neutral, derives a benefit F(ay, b) =Y, m;(a, b)) F(x}, x?), for some function F. Agents
have von Neumann-Morgenstern utility functions that are additively separable in income
and action. Thus A’s utility function is VA(Y"*) — G"*(a,), where Y* is income received
from the principal. We shall assume V*(-) to be strictly increasing and concave. For
convenience, we do not put bounds on the utility function V*, but none of the results
in this paper relies on imposing arbitrarily heavy penalties on an agent. The utility
function of B is analogously defined; however, to ease notation, we shall make the
inessential assumption that A and B have identical utility functions, thereby dropping
the superscripts. Each agent has a reservation utility U. The random variables (6%, 0%)
are not observable to anyone. This completes the basic structure of the model.

We are concerned with the situation where the principal cannot directly monitor
actions chosen by agents. Nevertheless, we distinguish two cases: (i) actions are mutually
observable among agents, and (ii) actions are only privately observable. As mentioned
in the introduction, there exists a mechanism in case (i) whereby the principal can
effectively eliminate all incentive problems and achieve the first-best (perfect monitoring)
welfare. This will be developed fully in the next section. Under case (ii), which is
otherwise called a second-best situation, the principal must provide incentives for agents
to perform according to his wish. This is accomplished by a departure from optimal risk
sharing. In particular, payments may be contingent on both (random) outcomes, i.e. if
(x7, x7) occurs, agent g is paid Y§, g=A,B,i=1,...,Iand j=1,...,J

Mookherjee (1984) has characterized the second-best incentive contracts. In his
analysis, for any given action pair, say (a, b;) the principal is content to find incentive
schemes (Y,f}, Yf} ) under the requirement that (a,, b;) are Nash equilibrium strategies.
Thus a pair of (optimal) contracts defines a game for agents A and B whose strategy sets
are respectively A and B, and the payments are given by (Y7, Y7). To find optimal
(second-best) incentive schemes for action pair (a, b), it is convenient to take contingent
utilities as the principal’s control variables. Using the notation h= V™' and V(Y%)=
v%, g = A, B, we may represent optimal contracts as a solution to the following programme:
Choose (vj, vi}) to minimize

Ty mi( @, b)[h(v3)+h(vy)]
subject to
2 mi(a, b)vi—Gla)zU
Y, mila, b)vi — G(b)= U
2 mila, b)vj — Gla)zY, mi(am, b)vi—G(a,), a.in A
Y, mila, b)vg — G(b) =Y, my(aw, by)vi — G(b,), b, in B.

Throughout this paper, we assume the solution (v}, v}}) of the above problem exists. We
shall sometimes call the second-best mechanism, as defined above, the Mookherjee game,
or simply I'.

In this paper, we are not directly concerned with the structure of (03, vg). Nor are
we interested in the choice of action pairs, which certainly depends on the function
F(ay, b)) and the solution of the above programme. Without loss of generality, in later
sections, we shall assume that the principal prefers to implement certain given action
pairs. We do rule out the uninteresting case where the principal implements an action
that minimizes utility cost in the set of actions. In the following analysis, we find it
helpful to imagine that the principal pays the agent in utility units. We therefore use the
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term “utility-payment” to mean the utility of income an agent receives. Thus utility-
payment v is equivalent to income h(v).

3. MUTUALLY OBSERVABLE ACTIONS AND THE FIRST-BEST

In this scenario, the principal, who cannot act as a direct monitor, wants to know exactly
what the agents’ choices of actions are in order to levy the appropriate reward or
punishment on them. We shall assume that agents pick actions simultaneously, and
afterwards they (but no one else) observe each other’s action. It is also natural to postulate
that there is a lag between the choices of actions and the realizations of outputs; if
(x?, xf ) and (ay, b)) occurred contemporaneously, then the principal could not utilize
the (random) outputs as monitoring devices. We suppose that the principal wants to
implement (ay, b;). Since agents are risk averse, optimal risk sharing implies that under
perfect monitoring, an agent’s reward is independent of the stochastic outputs. Hence
the first-best utility-payments are G(a,)+ U and G(b,)+ U.

The important point to note is that when agents know all about the actual actions,
a mechanism (designed by the principal) induces a game of perfect information between
them. Clearly, if the principal contemplates exploiting agents’ information, agents need
to send messages after actions have been taken. We assume that messages are publicly
sent and verification is costless.

It is perhaps not too surprising that the principal can design incentives for agents
to select (ay, by). In fact, it is relatively easy to construct a mechanism in which action
pair (ay, by) with utility-payments G(ay,) + U and G(b,)+ U form one perfect equilibrium.
Consider the following, simple mechanism. At Stage 1, actions are taken. At Stage 2,
each agent relates to the principal which action the other agent has chosen. If A says B
has done by, then B is paid G(by)+ U. Otherwise, B is paid 8, where 8 <min, G(b)+ U.
Payments to A are analogously defined. It is easy to verify that the strategies of (ay, by)
at Stage 1, and at Stage 2, each agent announcing the action that has been taken by the
other form a perfect equilibrium with first-best payoffs. The unsatisfactory aspect in this
mechanism is that agents picking least costly actions at Stage 1 and agent A (resp. B)
always saying b, (resp. a,;) at Stage 2 constitute another perfect equilibrium." Notice
both agents are better off in the latter equilibrium than in the former. The fact remains
that implementing (ay, by) uniquely is not a trivial matter.

The principal needs a more subtle way to extract information about actions. Notice
that while an agent can provide false information to the principal, the accuracy of this
information is known to the other agent. This suggests that once an agent has reported
on an action pair, the principal may appeal to the other agent for verification. Also,
utility-payments contingent on outputs may be designed for monitoring purposes.
Obviously, the aim is to make sure that agents find (ay b;) attractive and first-best
utility-payments are awarded in a unique equilibrium.

In the following analysis, we shall refer to

Condition (C.1).
H(aka bl) # H(ama bn) Whenever (aka bl) # (am, bn)a
where II(ay, b)) = (7Tij(ak, bl))i,j-

(C.1) implies that each pair of actions induces a distinct probability distribution on
outputs. The way (C.1) is used will be clear below.



