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EXISTENCE OF A SOLUTION TO THE PRINCIPAL'S PROBLEM 

Carlos Ivan S imonsen Leal* 

ABSTRACT 

This article deals with the existence of a solution to the 

Principal Agent Problem. Here we develops some basic results with 

the aid of Berge's Haxirnum Theorem. Also, a presentation of some 

interesting examples is given. 

>"Profe ssor da E S C OLA DE PCiE GRADUACAO EN ECONONIA (EPGE) da FUNDACAO GE-
TOLlO VARGAS. 
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1. INTRODUCTION 

The principal's problem, due to Ross (1973), is one of the 

focal results in the theory of assymetric information. This model 

studies the relationships between a principal and his agent. The 

principal faces the follOiving problem. He is to determine a sharing 

rule for a monetary J.-andom payoff, the distribution of which depends 

on the agent's actions. The agent's utility depends on the amount 

of money he receives and on the action he takes. Both the utility 

functions of the principal and the agent are common knowledge. The 

action taken by the agent is unknown by the principal. The principal 

faces the problem of maximizing his expected utility subject to: 

a) the agent takes his action to maximize his own utility given 

the sharing rule; b) the agent is to be ensured of a minimum level 

of satisfaction, the certainty equivalent level. The purpose of 

this paper is to give a general existence theorem for this problem. 

In the literature, the usual approach for discussing the 

existence of a solution (Ross, 1973; Shavell 1979) has been to 

ignore the certainty equivalent constraint. Also, it is standard 

to assume that for each sharing rule there exists one optimal action 

for the agent. In this case, provided some technical conditions are 

satisfied, one uses the implicit fUnction theorem on the agent's 

first-order conditions to obtain his action as a function of the 

sharing rule. Substitution of this function into the principal's 

utility function transforms the constrained maximization problem 

we had before into an unconstrained one. Unfortunately, the appealing 

simplici ty of the reasoning above fails in most cases. Mirrlees 

(1975) showed that if one cannot guarantee the uniqueness of the 

agent's maximum, then the first-order conditions of the agent are 

not even a necessary condition for an optimum. 
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More recently, Grossman and Hart ( 1983) 
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have taken a new 

approach to the existence of a solution to the principal's problem. 

Rather than appealing to differential calculus techniques, they use 

the lower-semi�ontinuity properties of the solution of the dual of 

a linear program to establish the existence of a solution to the 

principal's problem. Our procedure follows their lead, but does 

not use linear programming. GroSsman and Hart, because they were 

interested in doing comparative statics, had to make strong 

assumptions on the nature of the utility functions of the princi9al 

and agent. We only worry about the existence of a solution and thus 

we are able to consider a larger class of utility functions. The 

only assumptions required are of a technical nature, like 

differentiability of the agent's utility function and compactness 

of the space of actions. Unlike Grossman and Hart we do not require 

any concavity assumptions, and so the utility functions of the 

principal and agent can be quite general. 

In Section 2, we present the basic skeleton of our m::x'iel, where 

the only source of uncertainty considered concerns the agent's 

actions. This assumption makes the problem mathematically more 

treatable. In Section 3, we develop the mathematical tools needed 

for studying the existence of solution. Because we are interested 

in the situation where the number of possible outcomes is infinite, 

we give special attention to the construction of the space of sharing 

rules with an adequate topology. This topology will make the space 

of sharing rules a compact metric space. Horeover, when the number 

of outcomes is finite the space os sharing rules is contained in a 

finite dimensional real vector space and this topology coincides 

with the Euclidean topology. No matter what the number of p::>ssible 

outcanes may re, we use Berge's Theorem of the Maximum to solve the 

problem of feasibility for the principal's problem, that is, to 

check if the constraints of the problem are satisfied. The proof 

of existence of a solution is then obtained in a purely top::>logical 

way. 

In Section 4, we allow for uncertainty on different states of 

nature and/or uncertainty on the individual's type. In the first 
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case, the random payoff of the game will also depend on the state 

of nature, Nhich both principal and agent are uncertain about. In 

the second one, the total payoff of the game depends on some 

characteristic, type, of the agent. The type is known by the agent, 

but unknown by the principal. The main result of this section i.s 

to show that obtaining the solution to the principalts problem in 

these two cases is formally equivalent to what is done in section 

3. 

The last section covers hlO distinct topics: first, imposing 

constraints on the sharinq rules, that is, limiting the values they 

can take at each outcome; and second, requiring that the sharing 

rule be a continuous function. Finally, we have an appendix where 

we discuss some of the difficulties in computing a solution to the 

problem. 

2. MATHEMATICAL MODEL 

The space of outcomes, that is the quantity of money available. 

is a compact interval [o:,S), were 0: < S. h'e consider the set 

H ([a,BJ) of regular probability measures over [(r.,�J . This set is 

a topological space with the weak*_topology. In this topology two 

measures u and w are close if and only if for any continuous 

function f: [er,B] -)- ill the values of the integrals ffdp and jfd, 

are close. It is possible to prove that N( [r.:,(?,]I is a compact and 

metr ic s!)ace. 

The agent I 5 action space is a compact metric space A. Ne are 

given a continuous map j:: A -+ H ([rj,B J) , which determines 

probabili ty distr ibu tion over [0., g J for every action the agent takes. 

is known by both the agent and the princi'Oal. The agent has a 
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continuous Von Neumann - Morgenstern utility function U: Ax(a,S] -rIR 
that is also continuously differentiable in the second variable. 

The dependence on a reflects the possible disutility of effort. 

'rhe principal has a continuous Von Neumann - Morgenstern utility 

fUnction V: [a, SJ -r IR. His problem is to find a function 

h: [o:,BJ -}- [0 , 1] the sharing rule, that solves 

Maximize Max {f V{h(s) .5) dWn(a) Is): 

al a maximizes f Uta, ( 1-h(5)) .5) dWTI(a) (5) 

hJ a satisfies f U(a,(l-h(s» .s) dWTI(a) {s);,- A}, 

where A is the certainty equivalent. 

Example 1: An agent picks his actions from A = {1 , 2 I 3 }. His 

utility function is given by U(a,I) ::: r2;a. The map IT is descril::ed 

in the following table. 

s= 1 2 3 

IT ( 1) 1 1 0 "2 "2 

IT (2) 3 0 I 
1 

"4 , "4 

[ (3) 0 1 1 
"2 "2 
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and that the certainty equivalent level is A 
function of the principal is V(I) � I. 

3/2. The utility 

In this example, the solution to the principal's problem is a 

triple (h" h2' h3) € [0,1] 3 ,  where hi is the sharing rule for 

s = i. The agent's payoff is a function of (h" h2, h3) and the 

action a, we have 

a 

a 

a 

1 ==> EU 

2 ==9 EU 

3 =$ EU 

(3/B) (1-h 1) 2 + (9/B) (1-h3) 2 

(2/3) (1-h2) 2 + (3/2) (1-h3) 2 

Suppose for a moment that action a � 1 is optimal for the 

agent at the solution to the principal's problem, then the 

principal's problem is to choose h1, h2 as to 

Maximize 

subject to ( 1/2) ( 1_h 1)
2+2(1_h2)2, (3/B) (1-h 1) 2+ (9/B) (1-h3) 2 

where the constraint inequalities say that the agent prefers a = , 
to a = 2 and to a = 3 respectively and that the certainty 

equivalent is satisfied. The problem is depicted in the figures 

below. For h3 between 1-1//3 and 1 the only active constraint is 

the third, that is, the certainty equivalent. We have situation 

of Figure la. For h3 between 2/3 and 1-1/13 the second constraint 

is active and we have something like Figure lb. Finally, 

smaller than 2/3 the three constraints are active, Figure le. The 

principal is maximizing his utility in a non-compact non-convex 
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set. If a = 1, then a solution to the �£incipal's maximization 

h3 = 1, while his utility is problem is h1 1, h2 
EV = 0.5 + 1 - 0.513. 

1-0.5/3 and 

Maximization of the P rincipal IS Utility when a 

certainty equivalent 

'" 1 indif ferent to a= 2 

(0,1- 1 

h3 > 2 2 • h3 � 1 _..l. 2 
'3 '3 h3 > 

"3 
, ,) 

Fig. 1a Fig. 1b Fig. 1, 

to a"" 3 

The figure below depicts the same problem when we suppose that 

the action taken is a = 3. The maximization of the principal's 

utility leads him to the point (h, I h2f h3) = (1,1,0) I where he 

forces the agent to pick a = 3 and where EV = 1. The reader should 

check that this is actually the solution to the principal's problem 

by checking a = 2 

a 3 

(0,1 - 15T§) 

(0,1- /(8/9)) 

to a 

Fig. 2 
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The fol10'.dng consideration aives another example of the 

princlpal-aqent problem; it sho\-1s that it actually 

the \;'000 incentive problem, \'Jhich is a part of the 

designinSJ optimal wage contracts (see Hart, 1 983). 

generalizes 

problem of 

Example 2: Suppose that A C JR and that each action a is a measure 

of the effort the agent puts in his work. Suppose n is such that 

. [. (0.1 (5) 15 the measure that gives \oJeight 1 t o  the point f (a), 

where f is a continuous funet ion f: A -� [(,,8]. If we ignore the 

certainty equivalent constraint we transform the principal's 

problem into finding a function h: [c",B] .� [O,lJ that solves 

Haximize V(h(f(a11.f(a)) 

subject to a maximizes Ula, (l-h(f(a))).f(a)). 

Example 2 ': Even an easy problem like the 

have a solution. Suppose A = (O,lJ . If 

f(a) '" a, V(I) = 1 - 1/1 and U(a,I) = r
2

/a, 

one above may not 

we particularize 

then the problem 

does not have a solution. Indeed, the optimal sharing 

satisfies dU(a, (l-h(a») .a)/da = O. 

h'(a) (2a)-1(1_h(a)), which integrated 

This implies 

yields h 

where c � ° is a constant chosen by the principaL If C 

the agent picks a 1 ,  but then the principal will always 

rule 

that 

- Cia, 

o 
have 

an incentive to reduce C. If C = 0, then the agent is indifferent 

between any action a and the principal cannot ensure te maximization 

of V because 1/1 = l/a ->- 00 when a -� O. 

Remark 3: From Example 2 it is easy to see the necessity of some 

of our hypotheses. If A is not compact then the maximization 

problem of the agent may very well not have a solution. On the 
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other hand, the assumption that the space or outcomes is a compact 

interval is unnecessary as long as the map is continuous. Ip.deErl, 

we are only interested in the set -: (A) and this is a compact set. 

3. MATHEI·IATICS 

In order to discuss the eXistence of a solution to the 

principal-agent problem we will g1 ve a topology for the space j-I 

of sharing rules. First f we shall assume that H consists of the 

Then, we define a function measurable functions h: (0.,8] ->- [0,11. 

d: HXi-j -� ill by putt.l.ng d(h,h') "1 'I sup t} h-h d·,·: r.t( [,), l}:' I we 

claim that this function is a distance function. Indeed, 

trivial that d(h/h') = d{h' ,h) and that d obeys the 

it is 

trjangle 

inequality, also by conSidering the probability mc�surc that 

gives weight 1 to a point s 

I hIS)-h' (5)1 f dlh,h'l 0 0, 
see that if d(b,h') 0, then 

since s is arbitrary \"e have h = h'. 

The topology of H is generated with this distance function, I-l is a 

metric space. 

In our discussion, we shall also need Berge's Theorem of the 

Maximum (see Hildenbrand, 1974, page 26) We recall that a 

correspondence is a map m: X -� 2Y 
thi1 t to each J)oint of X 

associates a subset (possibly void) of Y. �vhen X and Y are compact 

metric spaces we say that m is upper-semi continuous 

for any converging sequence 

(u.s. c.) i f 

(x ,y ) t graph (m): = {(x,yl n n 
y m (xl 1 the limi t point (X* ,y*) 

also belongs to graph (m) . 
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Theorem 4, (Theorem of the Maximum) Let "" XxY + IR be a 
continuous function. Then the function m, X + IR defined by 
m(x) : = max{t,O(x,y) : y £ y} i5 continuous and the corresoondence 
�, X + 2Y defined by � (xl, = (y, �(x,yl = m (xl) i5 upper-
semicontinuous. 

In the next two propositions we study the properties of two 
correspondences that determine the existence of a solution. 

Proposition 5: The correspondence �: H/R � A such 
consists of the sets of a's that maximize 

that 

Iu(a,(I-h(511.5Idw_( 1(51 
H a is u. s.c. and nonvoid always. 

�(hl 

�: The map r: AxH -+IR defined by r(a,h):= JU(a,(1-h(s».S)dwn(afs) is 

continuous. Indeed, 

Ilu(a',(I-h'(511.5Idw[(a'I(51 - Iu(a,(I-h(511.5Idwn(al(511 

• IIU(a', (l-h' (511.5Idwn(a'I(51 - IU(a' ,(I •. h(511.5Idwrr(a' l (51 

+ ilu(a',(I-h(511.5Idw[l(a' l (51 - IU(a,(I-h(511.5Idwrr(al (511 

The first term on the right hand side of this inequation is 

bounded by KBd{h,hl), where K: = max {tm2(a,x): a £: A and x £ [a,b]}. 

The second term is bounded by max {Iu(a',x)-u(a,x)I: x s [a?i3]}. 

is enough to prove that r is continuous. 
This 

That \jI (h) f; ¢ is a consequence of the compacteness of A. 

Finally, the upper-semicontinuity of \jI is implied by Berge's 
Haximum Theorem. 

QED 
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proposition 6: The correspondence r: H + A defined by 

f(h) : = {a: a satisfies iU(a, ( 1-h(s» . S) dwrr(a) (s) � >..} is U.S.c, 

Proof: The continuity of r implies that the correspondence 

r(h) = {a: r(h) � A} has closed graph, since A is compact and 

metric this is equivalent to saying that this correspondence is 

u.s.c. 

QED 

�otice that r(h) may very well be empty. This means that for 

the sharing rule h the certainty equivalent is not satisfied. In 

many problems, we will have that f(hl = ¢ for all h and the 

principal-agent problem is never solvable. 

Proposition 7: The principal-agent problem has a solution provided 

that the set C of the his such that r(hl llljl(h) f rfi is compact 

and nonvoid. 

Proof: First, notice that r (h)r) �(h) is nonvoid if r (h) is 

nonvoid. This is trivial. Second let I: C + IR be the correspondence 

defined by I(h) = (JV(h(s) . s ) dwn(a) (s), a E r(h) ()�(h) }. 

Because r and � are u.s.c. so is I. This implies that the function 

Max I(h) is upper-semicontinuous. Indeed, let [hn
l + h and 

Yn = Max I{ [hn]) E I( [hn]) I then take Ynl + lim sup Yn
, because 

of the upper-semicontinuity of l one has that 

lim sup Yn E I(lim [hnll) =I{h) and therefore lim sup Yn � Max I{h). 

An upper-semi continuous function defined over a compact set always 

reaches its maximum and therefore the principal-agent problem has 

a solution. 

QED 
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Remark 8: If the certainty equivalent is always satisfied, that 

is if r (h) # 0 for all h, then C = H. Grossman and Hart adopt 

an assumption that implies this one (assumption A2 of their paper). 

'I'he following proposition says that usually the solution to 

the principal-agent problem is enforceable, that is, that the agent 

will only pick one action at the solution. 

Proposition 9: For a dense set in the space of utility functions 

of the agent the solution to the principal-agent problem coincideS 

with the solution to the following problem: choose h as to 

Maximize Nlhlsl .sldwnlal lsi, 

subject to a) a maximizes ! U(a,( 1-h(s» .S)dwTI(a) (5) (*) 

b) a sati'sf ies fU(a,(1-h{s» . s l dwn(a)(s) � A}, 

Proof: The reader should convince himself that a solution to the 

principal-agent problem is Ci solution to (*) if f(h*) tl�'(h*) is 

a Singleton. Let h* be a solution of the principal-agent problem, 

it is possible to take U- close to U such that f'(h*) " 'f(h*) 

becomes a singleton while h* remains a solution to the principal 

agent problem when U is replaced by U-. Indeed, take 

a* s f(h*)f"\ 'f(h*) such that [V(h(s). S)dr')r](a*} (s) = Max I{h*) 

and replace Uta, (1-h(s» .5) by U-(a, 1-h{s» . s): 

= (1 - (1/K)d(a*,a» U (a, 1-h(s» .s), where 1\ a can be 

taken as big as we want. Because A is compact we have that 

max {d(a*,a): a S A} < 00 For K big enough this implies that 

[(1 - (1/K)d(a*,a» U (a, (1-h*(s» .S)dwrr(a*) (s) � 

(1 - ( 1/K)d(a*,a» . [U(a,(1-h(sl ).sldwTi(a*) (s). 
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And it is clear that ( 1  - (1/10d(a*,a)).JU(a,1-h'k(s)).s)dwn(a*)(s) 

is maximized at a = a*. 

4. EXTERNAL UNCERTAINTY 

QED 

The moral hazard problem and the adverse selection problem are 

not included in the formulation of the last section. In this 

section we correct this by allowing for external uncertainty. That 

is, for uncertainty that is not controlled by the players. Two forms 

of external uncertainty are to be considered. The first says that the 

aggregated profit of the game depends not only on the agent's 

actions, but also on the state of naLure z. One has a continuous 

profit function L: [Cl, Bl xZ -� IR ,  where Z is the set of states of 

nature. We assume that Z is a compact metric space. This case can 

be subdivided into three subcases: 

1) Both �rincipal and agent know which probability distribution 

jJ the variable Z obeys. The principal r s problem is to find a sharing 

rule h: [�, S]xZ + [0, 1] such that h solves. 

Maximiz.e Max { f fV(h(s) . L(S,z» dwn(a) (s)djJ(z): 

a) a maximizes f fU(a,(1-h(s» . L(s,z» dwl1(a) (s)djJ(z) 

b) a satisfies f fU(a,(1-h(s» .L(s,Z» dwrr(a)(s)d1l(Z) � A}, 

2) The principal knows m adopted by nature and the "guess" of 

m used by the agent. This problem is equivalent to 1. 
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3) The principal knows the true u and is capable of influencing 

the guess of the agent. 

Example 13: Subcase 1 includes the moral hazard examples. For 

example, let us SU9�ose that the principal is an insurance company 

and that the agent is an individual ",ho would like to buy insurance. 

There are two states of nature: accident and no accident; and 

the agent has two possible actions: to take care and not to take 

care. If care is taken the probability of an accident is 1/10, 

otherwise it is 1/2. The utility function of the agent is 

U(e/m) ::: 1_e-ffi) /c, \vhere c=1 if no care is taken and c = 1.005 

if care is taken. If no accident occurs m 100 and if an accident 

occurs m = i  (= the insurance payment) . We suppose that the company 

is risk neutral and that competition on the insurance market makes 

profits zero. In this case, the amount i of insurance offered will 

be the solution to the equation 0.5( 1_e-100) + 0.5(1_e-i) = 

0.9« 1_e-100) / 1.05) + 0. 1«1_e-i
) / 1.05» . 

i < 100. 

It is easy to check that 

The discussion of the existence of a solution to the 

principal's 9roblem as formulated in the subcases 1 and 2 above 

can be handled in the same way we did on the last section. Indeed, 

using Fubini's theorem (Halmos, page 148) , we can substitute the 

double inteqrals above for integrals in [n,BJxZ, this permits us 

to obtain correspondences analogous to the correspondences r and 

� of propositions 8 and 9. Existence of a solution can then be 

ensured under conditions similar to those of �roposition 10. The 

only step that one has to prove is. 

Lemma 10: If IT:A -Jo- M{[a,BJl is continuous, then )1*: A-Jo-M ([n,B]xZ) 
defined by IT*{a).= wIT{a) x� is continuous (for a definition of the 

product measure wx� see Halmos, page 143) . 
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Proof: Both A and M{(a,8]xz) are metric spaces, therefore to 

prove the continuity of TI it is enough to consider sequences. He 

have to prove that if an -I-- at then j TI* (an) -+ IT* (al and, from the 

definition of the weak*-topology, this implies that we have to 

prove that for any 

ff{slz) d(wTI(an) x�) 

theorem we have 

continuous funcion f: [a, S]x Z -+ m. the integral 

converges to ff(srz)dwn(a) x�. Using Fubini's 

-;. f(ff(s,z) dwn(al ) d]J 

This proves the lemma. 

QED 

In the subcase 3 above, the principal has a certain control 

over the agent's guesses, one may s�ppose that the principal will 

use this power to achieve two objetives. Firstl to make the agent 

think that the certainty equivalent constraint is satisfied. He 

may for example impose that the set 

Z*(n) : 0:; {z t: Z: fU(a,(1-h(s» .L(S,z» dwrr(a) (s) � n}, where Tl > 0 

and �/n < 1 ,  be guessed with probability u' (Z*(n») > A/n. Double 

integration then gives that ffU(a, (l-h(s) .L(s,z) ) dJ.ln(a) (s)dll'(Z) � A. 

One can think of situations where the movements of nature 

constrain the actions that the agent can take. In this situation, 

\<Je can still ensure the existence of a solution to the principal's 

problem if the agent is forced to take his actions such that 

llln(a) XlJ lies on a compact subset of M((o.,B]xZ) . A sufficient 

condition for this is that the set of probability distribution 

that the agente can take consists of all the probability 

distributions over a compact set K <: [u,61xZ. We have 
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Lemma 11: Let K he a compact subset of [a,8JxZ, then the set of 

measures with support in K is compact. 

Proof: Let EM(K) be the set of extreme pOints of M(K), that is 

the set of measures that give weight 1 to points of K. By the 

I<rein-Millman theorem (Rudin, 1973) M(K) is the convex hull of 

EM(K). If K is. compact, then EM(K) is compact and therefore M(K) 

is compact. 

QED 

The second form uncertainty considered inthis section concerns 

the adverse selection problem. This happens when the principal is 

not sure of the agentls type. The principal only knows a probability 

d'istribution \l over the possible types of the agent. The principal

agent problem is then written as the problem of finding a sharing 

rule h that solves 

Maximize Mqx {ffV(h(s) .L(S,z»)dwn(a) (s)dJl(z) 

a) a maximizes ffU(a,( 1-h(s» .L(S,Zo)}dwf!(a) (s) 

b) a satisfies ffU(a, ( 1-h(s}) .L(s,zo» dll,dl(a) (s) � ),}, 

where Zo is the actual type of the agent. The reader should check 

that this new formulation of the problem can again be solved with 

our original discussion of existence. 
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5 .  INTRDDUCING CDNSTRAINTS 

We have not yet imposed any type of constraint on the sharing 

rules. In the wage incentive problem, for example, it is not 

unconunon that due to some previous history the employer be limited 

in his choice of which sharing rule he can adopt. This is the case 

of a contract imposed by a union or when moni taring the agent's actions 

is costly. In the insurance examples one should recall that there 

are laws telling you the minimum coverage you can get and limiting 

the liability of the insurance companies. 

The way we choose to model these constraints is to say that 

there is a partition of the set of outcomes into a finite number 

of disjoint measurable subsets 81, 52, . . . , SD and then add the 

following extra condition to the principal's problem 

It is clear that under (c) the a solution of the principal 

problem may not exist. A necessary condition for existence is, of 

course, that ri 
" 1 and Ri 

, O. In this casel we redefine our 

space H, we say that H is the set of measurable functions 

h: [al S] + [0,1] that obey the constraints in (cl. One may then go 

through the same machinery of sections 2 and 3 to discuss the 

existence of a solution. 

Another type of constraint occurs when one imposes that the 

sharing rule has to be continuous. This changes our formulation 

completely. We define the space H by considering the continuous 

functions h: [a,S] -+ [0/1]. The "natural" topology in H would be 

that yielded by the sup distance I however I under this topology H 

is not sequentially compact. Indeedl by the Ascoli theorem (see 

Munkreesl page 277) a set is sequentially compact in this topology 

if it is a closedl bounded and equicontinuous set of functions. 
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To find an H we can work with we shall assume that there is 

a constant K > 0 such that all the admissible sharing rules obey 

l h(s')-h(s) ! £ Kd{s',s) for any 5,S' . This of course ensures 

eguicontinuity. Boundness is trivially ensured by Ofh(s) f 1. 

We may then use the converse of Ascoli 1 5 theorem, the Arzela theorem 

(Munkrees, page 279), and state that H is sequentially compact. 

Because H is a metric space H, it will be a compact space if it is 

sequentially compact. 

Finally, we define a function r: AxH -]0- IR like that of 

proposition 8. The proof that r is continuous is even easier here 

than it was there. We are then able to establish a proposition 

analogous to ?roposition 10. 
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APPENDIX 

REMARK ON THE COMPUTATION OF THE SHARING RULE 

To calculate the solution to the principal-agent problem is 

in general much more difficult than proving that it exits. For 

instance, in Example 1 we had to maximize the expected utility of the 

agent subjected to constraints that were non-convex. In this 

appendix we are concerned with what happens when the number of 

possible actions of the agent is infinite. We are going to show 

that we Can approximate the solution of the principal-agent problem. 

We recall that we have assumed that the s�ace A of agent's 

actions was a compact metric space, therefore A countable and 

dense set {a 11 a2, ... }. Let Ak be the set defined by 

Ak: = {al' a2, " ' f ak
} 

principal-agent problem 

and consider the solutions 

when the agent is restricted to 

of 

pick 

the 

hi.s 

actions from Ako By Proposition 6, for each k, we can obtain 

a solution [hkl of such a problem, we have 

proposition A: If h isan accumulation point for the sequence [hkl, 

then h is a ro!ution of the principal-agent problem when the agent 

can play any action in A. 

Proof: Sup90se that h is not a solution of (*), then there exists 

h* and s >  0 such that Max I(h*) - s > Max I(h ) .  Let a *  belong 

to r(h*) ()�(h*) be such that !V(h*($).s) dwrr(a*) 
Take ak such that iV{h*(s).s) dwn(ak) > Max I(h*) 

Max I (h*) • 

- Sf this is 
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always possible because fV(h*(s) o s) dwn(a) is a continuous 

function of a and the ak are a dense set. Therefore we have that 

iV(h*(s).s)dwIT(ak) > Max I([hk]), 

proposition is proved. 

a contradiction 

QED 

and the 
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