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stract

In this paper we propote a model of a general principal =
agents problem (with many agents) in which players choose
actions gnd sighals as part of their atrat.e(ghy. Subs-;qumtly‘

we show that any principal - agente problem admits 2 Bayesien -
Steckelberg equilibrium {f and only if there exists another
principal -~ agents problem where truthful revelation of types

by the agents i& possible at an equilibrium,
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1. Jntroduction ¢

The purpose of this paper is to study an incentive property
of e general principal agent problem with many agents, Our model is
sufficiently genersl to allow for a simultaneous treatment of moral
hazard problems as well as adverse selection problems inherent in
many incomplete information monopoly situations ( e.g. Chan and
Thakor (1937)). It can also be used to sxtend to the incomplete
informgtion case, the work of Holmstrom (1979), Shavell (1979),
Grossmann and Hart (1983), Rogerson (1985), Page (1987) on the
complete bformation principael agent groblem as also to extend
to a more general setting some of the results of Myerson (i982)
on the incomplete information principal = agent problem. However,
our point of departure is the body of literature which includes
the work of Dcmski and Sappington (1984), Green and Stokey (1983),
Holmstrom (1982), Lazear and Rosen (1981), Mookherjee (1984), and

Nalebuff end Stiglitz (1963),

The basic idea in our paper is that each agent will choose
ah action and a signal (containing pertinent information about his
personal characteristics) in the light of the incentive scheme
proposed by the principal. A problem that now arises it that of
specifying the way in which agents thoose their actions and signals
given their straetegic interdependence. This problem is resolved in
this paper by adopting the Bayesian equilibrium solution concept
(see Myerson (1983)). However, unlike a traditionsl Bgyesien game,
the incentive scheme i{s now manned by a rational decision maker
(see Lahiri (1990 a, b)) = the principal. 1o characterize Bayesisn
equilibris of such gemes we sstablish & revelation principle, more

on which has been discussed in Repullo (1986, and Lahiri (1990 b).
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2. JThs Mpdel 3 The model of principal - agent probleme we now
introduce is an amalgam of the model of an arbitration gams
introduced in Lahiri (1990 a,b) and of the Stackelberg incentive

compatibility problem introduced by Pgge (1989).

Suppose there ars n ggents numbered i = 1,+0e4N. Wo let
e denote the eet of possible types of agent i, and let T = T1x...xTn.
we essume for eimplicity of exposition, that each T1 is 8 finite set,
Let U be the set of possible gctions available to tne principal, and
lat Yi be the set of poseible gctions availeble to agent i = 1,4e4,n.
Eech agent has e Von Nenmann ~ Florgenstern utility function,
u(d,y,t), uhich denotes the payoff to i if d is the principal's
action, y = (y1,...,yn)g Y1x...xYn = Y is the vectogfg;tions taken
by the agents anc if t = (t1""’tn) is the vector of agents' types.
Each esgent also ha- a ;rktability dietribution pi(t-ilti) where
i+

t-, ¢ T- EET1X...XT1-1XT x...xTn, which denotes the subjective

i i
probability that player 1 would assign to the event t-i if i's

actual type were ti.

f£ach agent ics ejuipped with g message space through which he
communicates pertinent information aoout himself to the principal.
The set Mi ie the set of possible messgues agent i can use onc
M= M1x...an is called the langugge. The principal on his part hezs
g8 Von = Neurenn - Morgenstern utility function W : DxYxT-R which
gives the payoff he receives for each reslizaticn of dc D, ye Y andg
t ¢« T. Further, like a Eayesian Statistician, based on the mes:cage
m <M, the principal forms posterior beliefs about t<¢ T, yhich is
assuned to be summarized by g ccenditional probaSility mgss functicon
f(tim) availeble to the principal. In thi: papei we accume that the

\

1 noony, .
tuple [T,D,Y,M,A,f,u,p peeagll P Jl& ccmmon knhowledge ano it referred

tc ac 2 principal - agents problem. p
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An action plan for the principel is a function
gt M=>D
Given en action plen 'g', agente choo%e meSsages n-.i and sctions
y1 as a function of their types and their common knowledge., We call
a pair of mappings(lai,’vi> (F":T‘{-; Mi,'\“izTi” Yi) a strategy for i.
Under such circumstances,

A C RS I A CR ST IR T RSP TSRS

t—ic- T-i

represents the expectea utility payoff to i if i's type is ti ena
if(lﬂ.,'»>= (<F1,'\,“1>,...,<Pn,‘\‘n}) ie the vector of strategies used
by the ayents. A Bayecsian ejuilibrium of g in« Z—[T,D,Y,M,w,f,u1,p1,
...,un,prjis a stratecy n-tuple (F., Y')=(< F.1,'\’ '1>””’\/r,’n’ "\"'n>)

such that for each player i,

/.‘ *‘
6" thit, vyt ! satisfies

w1V (), 0p (et dmax 5 WP (aRee)/mt )Y (A ¢)

- 3 (P i
t-ieT { m1< Mi't-iT i plu’if ti)
y €y \
(111
where *

CFeomDe (e U Dee et DG e 1))
md<Y" t)/yi> ‘<f1(t1)’°“iv.(i-1 )(ti_1)’yiiv'(i+1)(tiv1)’OOOOIY’n(tn))

In view of the above, the problem faced by the principal is given

by the following 3

max ZJ w(g(m), V.(t),t)f(tfm) ¥ omeM
g{m)eD el ®)
V;' s T Y

subject to P*(t) =m

" "
and(Fi(.),Y i(.)>satisf‘ias (11) for 4 = 1,600y

\
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» »
Provided th at <F1(.).V’1(.)> satisfies (11) for imi,,.o,n, the
principal can request the agents to select actions, which in addition
[ ] *»
maximizes the objective function. The triplot<P (o) V (.),g(.)> which

solves problem (P) will be called a Bayesiaen Stackelberg equilibrium for

the principal - agents problemc,

Given a principal = agents progblem , consider gnother principle agents

- . .
problen X where Ml = T' ¥ 1 = 1,0..,n and h(tlt') = £(t({ (t')) defines
the posterior beliefs of the principal that 't' is tha true type of the

agents when t' is the snnounced type. In the following section we prove

the main theorem of this paper.
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3. Main Theorn

Theorem s ( The Revelation Principla for Principal = Agents Problems with
* *

Incomplete Information) 3 Given Pl s T%-H'li,'\r i T“-»Yi, such that

* *
phr) = w oana V() = vty

* * *»
A, (f: » ¥ »9 >1e a Bayesian = Stackelberg ejuilibrium foro 4f and
only if
*

. & - 'Y -
Be < F,"\*' yg © ];} ie o Bayesian = Steckelberg equilibrium for

- i
whers Fi(ti) = ti\v' tié T end 4 = 1,.44yN0 .

» *» »
Proof s (A)>(B). Let (P, Y ,0 > be o Bayesian - Stackelberg
equi librium for (., Hence,

7, w(g ( f;(f-). v, et f?(t); 7 owW(d,y (t),t)f(tl F'(t))
teT teT

¥ dc D,V s TY
suject to,
;g e e , i T SN T 5
2o @ R vttty 3 ulie B et vt e
t-ye Ty ety pi(b-i‘ t,)

$ 1
¢ mertyyte vt nd te T 1=,

Therefore,
Sowtg CP(E), v (), ncele)> 57 w(dv (t),t)h(tler)
tet tert gterT,
suw ject to

i * * ~ 1 \ ? s ™
. (?% wigtp (e () e il )y ST A ﬁ(tltg)),V(tft;),t)
i teye Ty {
) P (b-il ti)

% f:;c-Ti

- % ® = -
which 1mp].£es< F,v vQ o > is 2 Bayesian « Stackalberg equilibrium for o .
L

ond 1 = 1,,409Nn.

=Te
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(8)=>(A) cupposo( E, \“.,g.o P.> is a Bayeeish = Stackelberg equilibrium
for o« Hence,
20 u(g o (), V(E), )h(HT)2 O wla, ¥ (£), (i)

teT teT
v tlT

subject to
v 1 ol L i N\ -
o dgep ()W (t),t)p T (el ) Lt(o s p (el witle)), ept(e- | t,)
i- 1 t- €T=,
i i
V t;(’Ti aﬂdi '1..--,“.
Therefore,

S Wlgef ()N (E), EFCEIR (£))3 57 w(a, v (4), ) F(EIE(E))
teT teT

subject to

D A IR G R L U E T N A T TR Y OV R O S L (S 1

t.i ¢ Tai t-i(’ T-i

-

mié N" ,yi(- Yi and ti(_ Ti, i= 1,.00,“,

etnce FH(T) =l g V(T = ¥,

*

» . *
This shows that\/F:, Y ,q >is a Bayssian = Stackelberg equilibrium for o(,
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4, Conclusign s In this peper we heve proposed a model of a general
principal = agents problem in which agents choose actiune and esignale

a8 part of their strategy. Subsequently we show that any principal - agents
problem adnits e Bayesien = Stackelberg equilibrium if and only if there
exists another principal = agents problem where truthful revelation of
types by the agents is poesible in a Bayesian = Stackelberg egui librim,

Such solutions are called incentive compatible,

The revelation principle for Bayesian Collective Choice Problems
exists in the literature { see Rapullo (1980) ). Our contribution is
to show that the revelation principle is valid for a strict subclass

of such problems known as the principal = agents problems.
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