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1. Introduction

| Thispaperrecaststheproblemof scre@inganagentwith regectto his producton costsn acomplete
but imperfed informaion framework instead of theincomplet informaion Bayesianframavork analyzd
in theliteratue (BaronandMyerson1982).Considerafirm (theagenj thatsinksaninvesimentto increag
its producton capaciy of a gooddesira by its client (the prindpal). The principal is limited to short
termcontrads: shecannotsigna binding contactbeforetheinvestmenis undertiken. For instance atthe
time of investnent,the firm may know thata demandexistsfor its productalthougha clienthasyet to be
identified. Whenexchangdinally takesplace a pricesetting prindpal agresto paytheagentno morethan
his resevation price. Sincethe agents resevation price doesnot incomporatethe sunkcostof invegment,
thereis ahold-up problem: theagenthaslessincentive to investandthe benefitsof investmentmaybelost.

When completebinding contractsare available the hold-up problemcan be solved undervariousin-
formation structres(Rogeson, 1992)! In this paper a hold-up occursbecausehe parties are unableto
committhemselesto anycontrat atthetime theinvedmentis made.However, theassumptn of symmet-
ric informationis relaxed: all costsarethe privateinformation of the agent. Tirole (1986)wasthe first to
pointoutthatsincetheex postshaing rule thatresuls from a givenbaigainingprocesss generaly sensitve
to theinformationstructre, the privacy of theinvestentdecison providesa strategic advantageo proted
theretum oninvestmentfrom a hold-up. Thisideais furthe developedasthe basisof atheoly of screermg
contractsin which theasymmetridnformationis endaenous

The standird analyss of scre@ing contra¢s underasymmetricinformation stars with the Bayesian
notion of a type that resumeghe private information of the agent In incomplde informaion models,
the distribution of typesis exogenous.Any inferencedrawvn with thesemodelsabouteconomicstrucures
dependon the distiibution of types. But in mary instancesof screening,the “type” of anagentrefers to
instumentalfactorsthathe controlsandthathave a well-definedeconomicvalue. For instarce,a “low-cog
type” resuls from pastinvesinent.

In the framavork presated here,the distribution of “types” emegesasthe (Nash)equilibrium ran-
domizaton of the agents invegmentstraegy. The modelworkslike a classcal principd-agentmodelto
which aninitial investment stageis added. The agenthasthe opportunty of choosinghis “type” at that
stagé, at a price (i.e. the costof investment An unobsered randomize strategy allows the agentto
hide his investmentbehinda veil of noiseto preventa hold-up. In equilibium, this randomizabn induces
a common-knaledgeendogenouslistiibution of “types”. Naturaly, the principd will offer a screemg
contract thatprovidesex postproducton incentives. Surprishgly, the equilibrium contractturnsoutto bea

costpluscontrat.



Thereis alongtradition of modelswith mixed straegy equilibriain completebut imperfed information
settings, but few studies considerthe screeimg problemin this context.? Fudenbey and Tirole (1990)
analyzethe moralhazardproblemin away thatinvolvesscreenig. A principal wantsherrisk averseagent
to exertaneffort thatincreagsthe probability of agoodoutcomein a stochatic ervironment. Towardsthis
end, the principal offers anincentive contractthatlinks the agents compensatio to the randomoutcome,
therdby exposingthe agentto somerisk. Yet, oncethe effort is undert&en, thereis roomto rengyotatethe
contract in orderto provide insurane to the agent. This renayotiation leads to screaing, sincethe agent
hasprivateinformationaboutthe amountof effort thatwasprovided andthereforeaboutthe likelihood of
a goodoutcome.Fudenbey andTirole’s (1990)modelis setin anernvironmentwith partid commitment:
thereis no hold-upproblemsincethe principd cancommitto a compensatin schemeprior to invesment
(effort). Consequety, the contactthey studyis a maximize in the setof renayotiationproof contactsand
the agents randomizéion is direcly inducedby the contract. In this paper the contractis an equilibrium
bestresponsdo theagents randomiation.

Gul (2000)analyzsa modelof bagaining betweena selleranda buyerin an ervironmentsimilar to
the onepresatedhere. In Gul's (2000),the buyer hasthe ex anteopportnity to make aninvestmenthat
increaseghegainsfrom tradeex post By allowing theinvestnentto be madeprivatdy by thebuyer, andby
consideing a sequetial bamgaining subgameof offersandcounteroffers, the hold-upproblemvanishesas
thelengthof time betweersuccessie offers goesto zera Gul (2000)putsthe emphasi®n the bagaining
sub@ame,which is morecomplex thanthe oneusedhere.Information aboutthe buyer’s ex postwilli ngness
to pay is revealedthrough a proces of offers and counteroffers while this study relies on a screemg
contract offeredon a take-it-or-leave-it basis.

Linking thehold-upandthe screenig problemsclaiifies therole of asymmetrianformationin explain
ing screermg (nonlinearpricing). The needandthe meansof screeimg comefrom the hetengeneityof the
agents characerisics andthe monopolypower of the principd (Wilson 1993). Asymmetricinformation
playsnorolein thatstory;if arnything, it reduceghe ability of the principal to discriminateagents.Onthe
otherhand,the monopolypower of the principd creaesa hold-up problem. Combinedwith asymmetic
information,thehold-yp problemgenergesthehetengeneityof theagents ex postcharateridics thatjusti-
fiestheneedfor ex postscreermg. Accordingto thisview, asymmetrignformationis animportantancilary
condition thatratonalizesscreeng.

The modelis preserted andsolved in the next section. It is ill ustraed with threeanalytical examples.
Comparatre staics arepursuel in Section3. The paperconcludeswith a discissionaboutnormative and
positve issuesthat favor the useof completebut imperfectinformation prindpal-agentmodels. The Ap-

pendixcontainghe proofs. 3



2. The model

| Considemanexchangebetweerabuyer(heraftertheprindpal) anda producer(theagent).Theagent
producesa quantty ¢ > 0 of agoodfor the principal. The principal paysthe agenta sumof money ¢ or a
pricep = t/q perunit producedwheng > 0). Both playershave quasi-Inearprefaencesandthe prindpal

valueseachunit producedat 1. Theprincipal’'s andagents payofs arethenrespetively

(1-p)q,
7(q,k,p) = pg — c(q, k),

wherec(q, k) is the expectedopportunity costof dealing with the principal. This costincludesproducton
costsaswell asary relevantlossof profits(relatedto outsideopportnitieg inducedby this exchangelf no
exchangeakesplace,theng = 0 and—c(0, k) is theagents payof function Thevariablek > 0 represents
aninvestmentin capitd. Investmentdeteminesthe ex postproductbn coss, and canalsodeterminethe
profitabiity of otherventuespursuedy theagentaffecdedby this exchangeLet ¢ beathrice continuously
differentiabk andstrictly corvex functionthatexhibits anunboundedong+un mamgind costasq increases
in orderto ensureboundedeturns.

Theshort-un andlong-runprofit functionsaredefinedby

" (k,p) = I};Zagwr(q, k,p),

*k _
™ (p) = q;gf}éo'fr(q, k,p).

Letq*(k, p) and(qg**(p), k**(p)) bethesolutionsto thefirst andsecondrograms Thesesxpresgonsdefine
the condiional ex postsupplyfunction ¢* andthe long-run supplyand capital demandfunctiors ¢** and
k**. To simplify thenotation denoteky = k**(0), k1 = k**(1), 1 = ¢**(1) andmg = ©**(0). In Figurel,
the NE panelcontans threeshortrun mamginal costcurves(the supplycurveswith investmentlevelskg, x
andk1), two shortrun averagecostcurves(with investmentevelsx andk) andthelong-run magind and
averagecostcurves. Corvexity ensuesthatthemamind costcurvesareupwardsloppng. Thefunctionsg*
andg** aregivenby theinverse of themaginal costcurves. Thevalueqy is equalto zero?

Thefollowing assumptiongremadeaboutthe costfunction. They will beexplainedin detaillater.

Stablity (Stab): ¢x(0, kg) = 0. Thesolution kg is interior.

Singlecrossng (S.C.): ¢4 < 0. Invesmentincreasescapadiy.

Regulaity (Reg.): cqqr < 0. Themaginal benefitof capital increaeswith g atanon-deceasingate.

Interest(Int.): ¢4(0, ko) < 1. Gainsfrom tradealwaysexist.



Total surplusis givenby (1 — p)q + 7 (q, k,p) = (g, k,1). Theex anteeficient levels of investent
andproductonarethusk; andg;, generaing atotal surplusof 7**(1). Givenk, theex posteficientlevel of
producton is ¢*(k, 1) whichyieldsatotal surplusof 7*(k, 1). Theex postefficientallocdions (k, ¢*(k, 1))
yield adownwardsloppingcurwein the SE panelof Figurel. Whenk = k1, theex anteandex postefficient
allocationscoincide

Thegamehasthreestags; Figure2 providesasketchof its extensive form. It beginswith theinvestment
stege attheinitial nodewhereanamountk is investel. The shadedriangleto theright of theinitial node
representsthe possibé investnent moves that may be realzed. In the standad incomplée information
game,theinitial nodebelongsto Natureandk is a randomexogenoudype. An alternateappro@h is to let
this nodebelongto the agentsothatthe choiceof £ becomesartof his straegy.®

The secondstageis the contracting stage in which the prindpal offersa contract which is labeked here
(4,t). Thatstagebeginsat somenoden* thatfollows theinvesmentmove k. If the principal obseresthe
investnent,thenherinformaion setatthatstageis thesingleton{nk}. Otherwi®, herinformationsetis N.
The secondshadedriangle standdor the possibé contrads thatmay be offered atthatstage

Thefinal stages theacceptane stage. It beginsaftersomek hasbeeninvestal andsomecontrac (g, t)
hasbeenproposedy the prindpal leading to somenoder’. The agenttheneitheracceptshe contra¢ or
herefusest. The payofs attache to the nodesfollowing thesemovesare the sequetial valuesfor both
playes of the subsequet subgmes(notshavn in Figure2). A refusal by the agentof the principal’s offer
putsanendto therelationshp: zerounit aresold, leaving the principal with a payof of zeroandthe agent
with apayof of 7*(k, 0). The payofs obtainel whenadealis reachedwill bedetaiedlater

Theanalyss proceedsin threesteps.In Stepl, | analyzethe perfectinformation gamewheretheinitial
node belongsto the agentand the invesment move is obsened by the principal. In Step2, | analyz
the incomplée informaion gamewherethe initial nodebelongsto Natureandthe investmenimove is not
obsenredby theprincipal. In Step3, | analyzethecompletdout imperfect informaion gamewheretheinitial
nodebelongsto the agentandwherethe investmenimove is not obseredby the principal. The mainresut

of the paperis Proposiion 2 of Step3 which charaterizesthe equilibrium of this latter game.

O Step 1: The perfect information game. Supposehattheinitial nodebelongsto the agentandthat
theprincipd obsenestheinvestmenimove. Shewill thenoffer to payatransert for aquantiyy ¢ wherethe

pair (g, t) solves

Programl: max ¢ -— t
q7

subjetto ¢t —c(q, k) > 7*(k,0). (IR)



Inequalty (IR) is anindividual rationality constaint, statng thatthe agentis no worseoff by acceptng

the contractthanby refusingit. Definethetotd ex postsurplusof contracting as

s(q, k) = n(q,k,1) — n*(k,0), 1)

sothat(IR) mayberewritten

Programl is solvedwheng = ¢*(k, 1) and(IR’) binds. Sincecontracing takesplacewith perfectinfor-
mation,it mustyield anex postefficient allocationandsincethe principal hasall the baigaining power, she
will payno morethanwhatis requiredto satidy (IR’).

Hence,n agamewith perfectinformation,the principal captuesthetotd ex postsurpuss(g*(k, 1), k)
andthe agentreceves 7*(k,0). In a subgame perfect equilibrium, the agentmaximizesn*(k, 0) to mo
by investing ko at the investmentstage. The principal offers her agentto produceg*(ko, 1) for a trans
fer ¢*(ko, 1) — s(¢*(ko, 1), ko) andsherealizesa payof s(¢*(ko, 1), ko). Theequilibrium allocation pair
(¢*(ko, 1), ko) is identified in the SE panelof Figure1. Althoughex postefficient, this allocdion is ex ante
inefficient sincetotal ex antesurpluspeaksat 7**(1) > my with aninvedmentk; > ko anda productdn

level g1 > ¢*(ko, 1). Becausef thehold-up,thereis underinvestmentandreducedoroducton.

O Step 2: Theincomplete information game. Let theinitial nodebelongto Nature.Investment is a
randomlychosentypethatis the privateinformaion of theagent.The solutionof thatgameis well known:
the prindpal offers a scre@ing contra¢ that equaizesthe expectedmamginal benefitof producton to the
expectedmaiginal informationalrentconcededo theagent.This contrad is characerized in Propositon 1
andCorollary 1 belaov. To the extentthatthe contractdependson the distiibution of types,theincomplee
informationapproab providesafamily of contractsasa soluion to the screeningproblem.

Let F represat the beliefs of the principal with respecto thedistibution of k over K = [k, k], where
k > ko. To maximize her expectel payof, the prinapal will offer a screening contract: a pair of real
boundedunctiors § and# over K thatspecfy a producton level §(m) anda paymentt(m) thatdepencbn
theinformationm reportel by the agentabouthis type k. By the RevelationPrinciple, thereis no loss of

generaly in consideing a Bayesiarequilibium wherethe agentrepors truthfully histype.

Definetheinformaional rentof atype k agentastotal ex postsurplusminusthe principal’s share

#(k) = s(d(k), k) — [q(k) - t”(k)}. @

By (2), acontractmaybeequialently representedy a pair (¢, £) or by apair (§, 7).



AssumptionS.C.ensurs thatinvestnentalwaysincreaseshe agents ex postcapaciy, playingtherole
of asinglecrosshgcondition. AssumptiorRey. ensursthatthesolution to Progran 2 below is asingleon.

Thefollowing repregntaton thenholds:

Propositon 1 Let F' beatwice-continuasly differentiabk distribution functiondefinedon K = [k , k] with
densiy f andahazardrateh(k) = f(k)/(1 — F(k)). Theincomplee information gamehasa Bayesian

Nashequilibriumin which theprincipd offersacontrat (g, 7) definedover K by

k
7(k) = (k) + /k se(a(k), K)d, 3)

wherethefunction § andthe quantity7(k ) solve

k ~
. . sk(q(k), k)
Program?: max —7(k +/ [sqk,k - f(k)dk,
max — (k) + | |s(dk), b) — = ER | F ()
subjetto  7(k) >0,
gx(k) >0 VkeK. 4)
Theagentacceptghe contractandtruthfully revealshistype. O
When(4) doesnotbind, the solutionto Progran is easyto charaterize:
Corollary 1 Defineg : K — R by letting (k) solves
_ _ sqk(G(k), k)
sq(q(k), k) = k) forallk € K. (5)
If g is afunction thatsatidies (4), theng and7(k ) = 0 solve Progran 2. O

Givenanarbitrary distribution of types,Program2 yields an arbitrary downward sloping dotted curve
G in the SE panelof Figurel. In Program2, the bracletedterm [s — s, /h] is the ex postvirtual surplus
(Myerson1981).Corollary 1 charactrizesasoluion to Progran? whereg(k) maximizeshevirtual surpus
for all k. As k — k, the hazad ratedivergesh(k) — oo, andthetems s /h in Program2 andsg /k in
Corollary 1 vanish. Hence,the real and the maximizedvirtua surpluscoincide at k& so that thereis “no
distottion atthetop”.

Whenk is straggically choserby theagentthis soluion hasa normative content: if the principal holds
belies F', sheshouldproposehe screaing contract(g, 7) specfied in Proposiion 1. Froma positive point
of view, thatis, if we aretrying to explain the structure of actua screenng contracs, this propostion is

rathe incomplee. The problemis thatthis contractyieldsanex antepayof of 7*(k,0) + 7(k) to anagent



thathasinvestel k. Throughr, thatpayof depend®n F'; givenanarbitrary F', thefunction7*(-,0) + 7(-)
is generdly notconstant Hence,if the agentexpectsthe contract (g, 7) to be offeredandif «*(-,0) + 7(-)
reachs a stricc maximumat k., the agenthasanincentve to investkr. But then,thereis little rationale
for the prindpal to screernthe agentin thefirst place if the prindpal expectsheragentto play k i in pure
strakgy on theequilibrium path,sheshouldproposehe contract derivedin Stepl.

In a seting wherethe “type” of anagentrefersto charaterisics thathave a clearmarket value (here,
the opporunity costof investmentandthatareunderthe agents control it is inappropiateto assumehat
thedistribution of “types’ is anexogenousrariablewith a predictive content In sucha settng, technolog,
prefaencesandthe strakgic opporturities (the fundamentks) aloneshouldexplain the structureof screen
ing contracts. | now depat from the incomplée information modelby focusng on a gameof completebut

imperfect information wheretheagent‘chooseshistype” by choosingk.

O Step 3. The complete but imperfect infor mation game. Theagentnotonly hasprivateinformation
aboutk, but healsodecidests value. Theinvestnentk is still arandomvariabk althoughtherandomiation
is endogenous Hence,the resuts obtaina in Step2 shouldapply On the otherhand, Propositon 1 is
not appliableif & is not distributed on a boundedsetor if the distribution is degenerag¢. Theseissues
areaddresse in lemmasl and 3 belov. The equiibrium of this gameis preserged in Proposiion 2. In
equilibrium, theex postmaovesof bothplayes areof theform descrbedin Corollaly 1, but thedistribution
of k is no longerarbitrary andis asso@atedwith the agents bestrespoise strategy. While the analyss in
Step2 yieldsafamily of contracs asa solutionto thescre@ing problem,thecomplee informaion appro&h
seleds asingle contrad in thatfamily, namelythe contra¢ assoctedwith the equilibrium distribution of &
aschoserby theagent.

Oncetheinvedmentopportuniy is reintegratedinto themodel,we have agameof completinformation,
sincethe principal canevaluatethe agents payof of playing ary of his strakgies. The principal canensure
herpayof reaizedin Stepl by offering the equilibrium contract of Stepl whichis alwaysacceptd. Yet,
thereis more surplusto capturewith a screemg contactif the agenthasinvesed morethank,. Hence,
asin Step2, a straegy for the prindpal is a contact (¢,7). A stratgy for the agentmustspecify k at
the invesment stageand a decisbn function (accepanceor refusal) at eachof the possiblenodesof the
accepancestage.In a subgmeperfectequilibrium, the agentaccets ary contractthatsatsfiesindividud
rationality at that stage. In that case,the sequernial valuesof both playersat eachof thesenodescanbe
charaterized as a function of the contract and the investmentlevel. Hence,a straegy for the agentis

resumedy thechoiceof k. Lemmal estdlishesthatthe agents choiceis bounded:



Lemmal Thereexistsaninvesmentlevel & suchthatary straegy k& > k doesnot survive iteraive elimi-

nationof weaklydominatedstrategies. O

To constuctaNashequilibrium for this game,l focuson apartial charactrizaton of the bestresponsg
of bothplayes. If a purestratgy equilibrium is played,the principal anticipatesthe agents straegy. Ob-
senability doesnot matterandthe gameis to be playedlik e the perfectinformationgamein Stepl. In
an equilbrium wherethe agentrandomizshis investmentmove, the principal will hold someequilibrium
beliefs F' aboutthis randomizabn and shewill accordngly proposea screenng contractbasedon those
beliefs asin Step2. If the agents equilibrium randomizéion is well-behaved, thenherbestrespnse(q, £)
follows readily from Corollary 1.

It is shawn in Proposiion 2 belav thatthe equilibrium allocationg is givenby theinverseof the condi-
tional capital demand

k*(q) = argminc(q, k). (6)
k>0

The conditional capitd demandfunction £* yields the level of invegmentthat minimizesthe total costof
producton. Assumptiors Stab andS.C.ensurehat(6) hasaninterior solution for all ¢ > 0. Thefunction

k* maythenbederiveddirecly by applying theimplicit function theoemto thefirst-ordercondition

ck(q, k) = 0. ()

Equation(7) definesa curve in the SE panelof Figure 1 thatrepregntsthe relaionshipbetweerg and &
atthe point of tangeng betwea ary straght verticd line passinghroughsomeg andsomeisocos curve.
AssumptionS.C. ensurs that this rela@ionshp is positve, which implies that £** is a strictly increasing
function aswell. Let p* betheinverseof £** on [kg, 00). Givenk, the valuep*(k) is the price for which
investng k£ maximizesprofits. Both £** andp* aredrawvn in the SW panelof Figurel wherepg = p* (ko) =
0 andp*(k1) = 1. NoticethatC(q) = c(q, k*(q)) is thelong-run costcurwve of thefirm. Giveng* andp*,
onemay defineg on [kg, co) suchthatg(k) = ¢*(k,p*(k)). Thefollowing lemmarelaesthefuncton § to

thelong-+un costcurve.
Lemma2 gistheinverseof k*. O

Lemmaz2 isill ustraedin Figurel. Startngfrom aninvestmentevel z, we obtainapricethroughp™* atpoint
y = p*(z). Thelong-unsupplyatpricey is z = ¢**(y) wherethelong-runmamind costC,(z) equalsy.
At thatpoint, z = ¢*(z, p*(z)) = 4(z). Thecostof produéng at point z is thenminimizedby investing

k*(z) = .



Assumptionint. andS.C.ensurethatc, (0, k) < 1, for all £ > ko. Hence therearealwaysstrict gains
from tradeto berealizedat the contrat¢ing stage. Becauseeachplayeris trying to securethesegainsfor

themseles we getthefoll owing simplebut importantresut.
Lemma3 Thecompleteinformationgamedoesnot have anequilibriumin purestrategy. O

In anequilibriumin purestratgies,all movesareantidpatedalongthe equilibrium path. Obserabiity
of theinvegmentmove is irrelevantandthe gameis playedlike in Stepl. Butif the principal proposeser
agentto produceg*(ko, 1) like in Stepl, the agentshouldinveststrictly morethankg to minimize costs.
Hence,the pure stratgy profile identified in Step1 doesnot hold as an equilibrium wheninvesmentis
not obsened. Figure 1 ill ustraesthe cobweb-ike stratagic structure of this game. If the principal thinks
that her agentinvesta z, sheidenifies the relevant shortrun cost structre throughprice y at point b.
Goingupc,(-, z), sheidentifies point 2’ thatmaximizeghe shortrun surplusandpaysheragenthis average
opportunty costy’ = ¢(2/,z) /2. If theagentexpectsto producein point z’, hewill investin pointz’ > z
and no equilibrium obtainsexceptin the ex ante efficient allocaion point (g1, k1). But the prindpal is
payingapricec(q1, k1) /q1 atthatpoint, whichis lower thanthe pricep* (k1) = 1 thatjustifiesinvesting k; .

However, anequilibrium doesexist whenthe agentrandomizesis invegmentstraegy.

Propositon 2 Let K = [kg, k1]. The complee but imperfect informaion gamehasa Nashequilibium in

which theprincipd offersacontrat (g, ) definedover K by

q(k) = 4(k), (8)
7(k) = mo — 7*(k, 0), 9)

andwheretheagentrandomizsover K with F' givenby

h(l‘i)dlﬁ;) , (10)
and  h(k) = ——"—. (11)

Theagentacceptghe contractandtruthfully revealshisinvesmentmove. O

In Proposiion 2, thekey equationis (8). In equilibrium, theagentis readyto randomiz his invesment
move only if heis indifferentaboutits value. But sincethe prindpal playsa purestratey, the agentantici

pateshis productbn level g and,giveng, heis neverindifferentaboutk. He wantsto investk *(q) to strictly

10



minimize costs. A contrct (g, 7) is incentve compatilte if type k£ wantsto produceg(k). Hence,using
Lemma2, § = [k*]~'= § is anecesary condifon to have bothindifferenceandincentive compatiblity..”

Once(8) is estadlished,therestof the proposiion follows easly. For (5) to charaterize § asthe best
respons of the principal, h mustbe of the form givenby (11). In (10), recovering thedistribution F' from
its assotated hazad rate h involves solving an ordinary differential equation.® Given (8) and(11), h is
completey specifiedhence(10) is obtained Applying (3) yields(9).

Given the equilibrium straegy F' for the agent,the contiact offered by the principal is the screemg
contract descibed in Proposiion 1. Sinceall purestrategiesin the supportof the mixed stratgy played
by the agentmustyield the samepayof, his ex postinformationalrentmustmatchthe investmentcostof
having a moreor lessex postefficient type. Whenthe agentinvestsk > kg, he doessowith the intent of
producig for the prindpal but heis alsoreducig his ex postresevationpayof by 7o — 7*(k,0). Theex
postrent#(k) of the equilibrium contractconcededo atype k agentcompensateexactly for thatamount.
Theseare quasi+ents in the Marshallian sense sincetheserent are nothing more thana minimum fair
retum on pastinvestmenin capital (Hart 1995).

Theincompleeinformaion approab of Step2 statedhattheagentshouldproduceanamounthatmax-
imizestheex postvirtual surpus. The completeinformationapproactof Step3 stateghattheagentshould
produceanamountthatturnshis rentinto aquasirent. It is rational to inved aslong asthe opportunity cost
of investmenis no greder thanthe ex postinformationalrentassot@tedto a higherinvegmentlevel. The

informationalrentthusincludes the costof investmentsa quasirent. From(1), (2) and(9),

(k) = 0 + c(d(k), k). (12)
Substitite k by £*(q) in (12) and(2) to getexpressonsfor thetranserandtherentasfunctionsof g,

tok*(q) = mo + C(q), (13)

7o k*(q) = mo — 7 (k*(q),0),

where“o” is the compositon operateo (seethe proof of Lemmaz2). Thetranser combinesa fixed payment
o andaconditionalpaymenthatevolveswith thelong+uncost Having recevedr, a“type” k agentmust
thenchoose; in orderto minimizec(q, k) — C(q). By theervelopepropery of thelong-run costfunction,
the agentwill minimize this lossto zeroby choosingg(k). Doing so, his informational rentis reducedo
thequasirentmy — 7*(k,0).

From (12) or (13), the equilibrium contractis a cost-pls contract, generdly consideed to be at the

11



lowestendof thespectum of incentve contracts. However, thecontiactdoesprovide incentvesto produce
efficiently, sinceanagentwho produceg; doessoatthelowestpossibé coston hislong+un costcune. It is
only to theextentthathedoesnotinvestk; with ceriainty thattheallocationremaingnefficient Invesment
is neverthdessgreaer thanin the perfect informaion caseof Stepl.

Asis apparenfrom (10)and(11), theshapeof thedistribution of invegmentdepend®ntheopportuniy
costfuncion alone.Thefollowing analytcal examplesshav thatthetechnobgicalassumptnsallow mary
shape®f thedensiy function: In thefirst example thedistribution is skewedto theright, in thesecondt is

uniform, while in thethird, it is skewedto theleft.

O Example 1. Let the costfunction be

c(q,k) = alexp(¢ — k) +exp(k)|, 0<a<l

With this specifiation, kg = 0 andk; = —In(«). The efficientallocationis to investk; andto produce
g1 = —2In(a). If investmenis obserable, the agentinvess kg, producesy*(ko, 1) = — In(a) andgetsa
zeropayof. If investnentis not obserable he getsthe samepayof over K while produchg §(k) = 2k.
Using(10) and(11), theequilbrium distibutionis givenby F(k) = aexp(k). Thedensiy increaseon K

andis skewedtoward k.

O Example 2. Thecostfunction is
c(q, k) = (¢ — k) + k.

Thefirst bestsoluion is to investk; = 1/2 andto produceg; = 1. If invegmentis obsenable the agent
invess ko = 0 andprodu@sg*(kg, 1) = 1/2. If investmenis notobserable,the equiibrium allocaton is
implementedy having atype k agentproducej(k) = 2k for atrander £(k) = 2k2. Theagentrandomize
on K = [0, 1/2] with auniform distibution givenby f(k) = 2.

O Example 3. Thedistributionis now skewedtowardkg. Let

2 2
q k

The first bestsolution is to investk; = 1 andto produe ¢; = 1. If invegmentis obsenable, the agent
invess kg = 0 andproducesy*(ko, 1) = 0. If investments not obsevable, the equiibrium allocaton is
implementedy having atypek agentproducej(k) = k. Thehazad ratefuncion is h(k) = <\/E — k)_l
andthe the distribution on [0, 1] is givenby F(k) = 1 — (1 - \/E)2. It hasa decreamg densityandis

skewedto theleft.
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3. Comparative Statics

| Considera family of costfunctons parametgzed by . As n changesthe equilibrium contra¢
andthe equilibrium distribution F' alsochange.Comparatie statcsfor the contractareeasybecaus@nce
c(q, k;m) is defined,the contract § is obtaineddirectly from (7). Whatis lessobvious thoughis how this
changeaffects the equilibrium distribution of investment. Supposehat asn change$, the new agents
randomizéion first-orderstochaticaly dominatetheold one;allowing aslightabuseof terminology; | will

saythatinvesmentbecomestocastcally larger. 10

Propositon 3 Supposehatk, weaklyincreaseswith n andthath weaklydecreaes! with n. Theninvest

mentbecomestochaticaly largerasn is increased. O

Corollary 2 Supposehatc hasa sepaableform c(q, k) = v(q, k) + ¢(k;n), wheregy, (k;n) < 0 for all

k € K. Theninvesinentbecomestochascally larger asn is increaed. O

| presentwo variationsof thebasemodelthatpermitcomparatre staics usingtheseresuls. In thefirst,

Proposiion 3 is usedto shav thatanincreasein theresevationprice of theagentieadsto moreinvegsment.
In the second Corollaty 2 is usedto shav thatanincreaein the bamgaining power of the agentor in the
privagy of hisinvestmenimove leadsto moreinvesment.
O Market opportunity. Supposeahatthe good may be produed either in a generc or in a specfic
variety. Thegenerc variely canbe boughtor soldat a price 4 < 1 onthe market. The specificvariety can
alsobesoldatprice x onthe marketbut canonly be boughtfrom theagentatapriceto beagreedupon.The
principal valuesthe genericvariety at zero. The market doesnot attribute a different valueto the speciic
variety but the principal does.Thereareno economie®f scopein usingthe agents instaled capadiy for a
joint producton of bothvarieies sothatthe costof producig ary bundleof the two varietiesis a function
of thetotd amountproducecalone.Theagentis freeto sellarny quantiy hewishesonthe market.

Leté(q + 6, k) bethe producton costof atotal quantity ¢ + @ whereq is soldto the principal andé is
soldonthemarlet. Giveng, theagentwill choosel to maximizehis profits Let 7**, §** andk** bedefined
like 7**, ¢** andk** but from ¢ insteadof c. DefinetheregionY (u) = {(q, k)|¢q(q, k) > p} whereit is
not strictly profitableto producefor the market. Takingopporunity costsasthe corverseof profits,define

B &(q, k) if (g,k) € Y(u),
c(q, k) =— %1288(/10 —¢é(g+0,k) =

g — 7 (k, p) otherwis.
The agenteithe usesall his capady to supplythe prindpal (by raisng his shortrun mamgina costabove

the market price) andhis opporunity costequalsthe producton cost,or he retairs somecapaciy andthe
13



opportuniy costof contrating equalgheactua lossin market salesug netof thetotal profit he couldhave
madeon themarket. Noticethatkg = &** (1), po = p andmg = 7** ().

Considemapplyingthetechnolgicalassumptionpresatedin section? to & with assumptiont. simply
statihg that a profit canbe reaized at the currentmarket price. Within Y (1), theseassumptiongrandate
diredly toc. It is easyto verify thatY (u) includesthegraphof all theequilibriumpoints {(q, k)|k € K,q =
4(k)}. Thecontractof Proposiion 2 yieldsqy = §(ko) = ¢** (1) at ko whichis the maximumamountthe
agentis readyto produe for the principal if he expecs to be paid no morethanthe market price. 12 From
(13), theprindpal paysanagentwho produces; units(whereg > qg) atransertok*(q) = mo+C(q) > ugq.
Sincethe prindpal paysmorethanthe market, the strategy profile descibed in Propositon 2 remainsan
equilibrium here!?

A risein the market price p shifts the point (go, po) in the NE panelof Figure 1 alongthe long-run
mauginal costcurve andthepoint (ko, go) in the SEpaneldovnwardtheg curve. Theg curveis notaffected
by this changesinae the costfunction is independenof x within Y (u). As arestt, theeffedt of arisein the
market priceis charactrizedby a shrirking of K andtheimageg(K). Sinceg doesnotchangeh doesnot
change.Sincek; strictly increaseswith the market price u, Proposiion 3 implies thata rise in the market

priceleadsto astochatically largerinvegment.

O Bargaining and Observability. Considelageneréizedversonof themodelwhereboththeconceps
of baigaining powerandobsenrability areparametgzed. Add exogenousincerainty by consderingthetwo

following exogenousvents:

event B: theprincipal hasthe bamgaining power atthe contraging stage

event U: theagentsinvesimentis notobsenred.

In event~B (thecomplemenbf B), it is theagentthatholdsthe baigaining powerwhile in event~ U,
theinvesimentis obsered by the principal. Assumethatboth playeis commonlylearnwhich combinaton
of eventsis reaizedaftertheinvestmenstagebut prior contracing take place(in point £ in Figure2). When
theagenthasall thebarmgaining power, theallocation(thendecidedby theagent)is efficientandindependen
of whetherhis invegmentwasobseredor not. Partition B into two othereventsB N U and BN ~U. Let
B bethe mamginal probabilty thatthe principal hasthe bamgaining power andv be the conditional (on B)

probability thattheagentsinvesinentis notobsered With this notaton, we getthreeexclusive events:

event ~B BNU BnNn~U
probabiity 1—-8 fBv  B(1-v)
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The parametes 8 andwv areto be interpretedas measure®f the the expectal bamgaining power of the
principal andof the privacy of theagents investmentmove. ThecasegS,v) = (1,0) and(8,v) = (1,1)
werestudial in Stepsl and3. Thecaseg, 0) areasimplevariation of Stepl. In thecaseg0, v), theagent
realzesandcaptuesthetotd ex antesurplus | considemow theremainingcaseswheregv > 0.

Let ¢ bethe“red” opportwity costfunction and* its asso@tedshort+un profit function. In theevent
~B, theagentwill proposeto produceefficienty in orderto realize andcaptue the full surpluss*(k, 1).
In the event BN ~U, the principal (now fully informed)will also proposethat the agentshouldproduce
efficiently, but for a reducedtranser that allows the agentto reaize only his ex postresevation payof
7*(k,0) like in Stepl. The problemis to charaterize the ex anteinvesmentmove of the agentandthe
scre@ing contrad offeredby theprincipalin theevent BN U.

Definethe opportunty costfunctione(g, k) of producingg with & in theevent B N U from
—Bu-c(g,k) = (1— B)7*(k,1) + B| (1 — v)7*(k,0) — vi(g, k) |. (14)

Up to a multiplicative constait (Bv), the agents expectel profit if the principal buys ¢ unitsat pricep in
theeventBN U isthenn(q, k, p). If thefunction¢ satisfieghetechnobgicalassumptins,sodoesc. The
equilibrium distiibution of investmentandthe equilbrium contract proposé by the principal in the event

B N U arethengivenby Proposiion 2. Noticethatc is sepaablewith respectto 8 andwv with:

1ﬂ—vﬂ7~r*(k71) n 1—wv

d(k; —B,v) = — 7*(k,0)].

Lemma4 belowv ensureghat Corollaly 2 applies sothata decreas in 8 or anincreaein v leadsto a

stochastically larger investment

Lemmad We have ¢y, _g(k; —F,v) < 0 and¢y,, (k; —8,v) < 0,forall k € K. O

4. Conclusion

| Wheninvestmenis unobseved by the principal, its expectel level risesasthe agentis given more
incentvesto invest thusincreasingthe incidenceof ex postinefficienciesin producton. Under perfed

information, the agentinveds too little but always producesefficienty. Underimperfect informaion, the
agentinvess morebut generdly underproduces.Sinceherecavesa payof 7y whetheror no the gameis
playedunderasymmetié or symmetricinformation,andsincethe principal canalwaysensureherglf the
equilibrium payof of theperfectinformationgame unobserability increasesocialwelfare. Thisisin sharp
contrast with Bayesiangamesof incomplee information wherethe unobserability of typesdiminishes

socialwelfare asplayersengagein rentseekingoehaior.
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This important differencecan be explained by a clasécal secondbestargument: when dealingwith
onemarketimperfection (noncommitment)jntrodudng anotherimperfectinformation)mayimprove effi-
cieng. Thiseffectdoesnotappeain traditional Bayesiarmodels becausit is assumedhatthedistribution
of typesis exogenousandtherebre unafected by the obsenrability issue.lt follows thatgoingfrom unob-
senableto obserabletypesincreaseswelfare asall inefficienciesassocited with bamainingunderasym-
metricinformation areresolred. When*“types” areendogenouspbsenability causs the type distibution
to collapseto k( atagreatcostin socialwelfare.Unobserability allows more“types” to be played andthe
presene of moreefficienttypesdominateghe factthatmosttypesnow producenefficiently.

Theapproab takenherecanbeextendedo mostadwerseseletionmodelsto improve ourundersanding
of contratsbothon normatve andpositive grounds Incomplde informaion modelsareroutinely used for
instancein the regulabry literatue (seelLaffont and Tirole, 1993)to rationalize the useof high-powered
incentvesschemedike price capsin lieu of rateof-return regulaion. In sucha seting, the distribution of
typesis assumedxogenousandtheretun to a“good” typeis consideeda“rent’. Any conclisionaboutthe
relaive merits of variouscompensatin schemesvill dependheavily ontheassumptioamadewith respet
to thedistribution of types.

For example,if a prindpal believesthatthe propotion of high-asttypesin a populaton is high, she
shouldconstrut an incentive schemedesigné mainly for thesetypes;thatis, anincentve schemethat
allows the few low-costtypesto extracta lot of informaional rent But if the distibution of “types” is
endogenoughenthesehigh rents motivatehigh-costagentgo improve their “type”. In theend,becausef
thedistribution shift, the prindpal mayendup payinga larger rentthansheintended.

This studyinterndizesall of theseeffects Theequilibrium contiactshareghe samequalitative features
as the incompleteinformation model, but it is robust to the feedba& effect of a given conttact on the
distibution of “types”. Factorsthataffecttheincentvesto investdeterminethe equilibrium distribution of
typesandthusthe natureof the contiact.

Froma posiive pointof view, theaim of contra¢ andorganzationtheoryis to explain economicstruc
turesasasystenic endogenosirespnseto addresgrarsactioncosts.In paricular, opportunty costsgener
atedby opportnisticbehaior andasymmetrichinformationareassumegaramountUItimately, thelinks
betweenpure techndogical facors (or prefeences)and economicstrucuresshouldbe explicit. Models
thatrely on anexogenousl specifieddistribution of (economi¢ typesareanimportantbut transtional step
toward the developmentof sucha theor. The screenig contrat construted heredoesnot dependon an
exogenoudistribution of typesbut it takesasgiventhe commitmentcapabiities of the players.A naturd

stepforwardfor future reserchwould beto endogeriethesecapabiities.
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A Appendix

| The proofsof all thelemmas propostions andof corollariesfoll ow.

Proof of Propositon 1. Given F', anoptimalcontract solves

k ~
Progran2:  max /k(q(k)—t(k))f(k)dk,

q,t
subjectto, k € argmax t(m) — c¢(§(m),k), Vk € K, (IC)
me(k k|
t(k) — c(q(k), k) > n*(k,0) Vk € K. (IR")

Equation(IC) expressetheincentive compatibilty constaints. Giventhattheagentreporsinformation
m aboutk thatmaximizeshis ex postpayof, they stae thatreporing & shouldbeabestresponséor atype
k agent.

Program2 is a classcal principal-ageh problema la Guesnee andLaffont (1984)thatcanbe solved
usingthedifferentiableapproachhatresumeshe constaints(IC) via their assoctedfirst-orderconditions
whenthey arenecesaryandsuficient. Assuminga differentiablesolution (g, 7), thefirst-order condition

of (IC) yieldsanexpresson for themaminal rent:

7x(m) = s,(G(m), m) + | 34(4(m),m) — 5(d(m), k)| Gi.(m)- (A1)

In atruth-telling equilibrium, m = k, sothatthetermin the squae braclets vanishesl|f ¢ is anincreasing

function, (A1) will alsobesuficientto solve (IC).1* Theconstaints(IC) arethenreplace by (4) and
(k) = sk(d(k), k). (A2)

Integrating (A2) over [k, k| yields (3). Using(2), the (IR”) constrants now read7(k) > 0 for all k. S.C.

and(A2) imply that# (k) > 0 for all k£ sothatthe (IR”) constrant of typek subsumesll theothers
Substitde (3) into (2) andsubstitte the resuling express$on for ¢(k) into the maximandof Program2.

Expresghatmaximandin terms of ex postvirtual surplus by integrating by partsandreplace the (IC) and

(IR") constrants by (4) and7(k ) > 0 to getthereducedorm givenin thepropostion. Q.ED.

Proofof Corollary 1. #(k ) = 0 is anecessarcondition. Considerttherelaxed programwhereconstaint (4)
is notimposed.Reg. thenensuesthatthe maximandof Program2 is strictly concae in G(k) sothatthe
first-ordercondition (5) assocatedto g(k) charaterizesa global maximum. If the solution of the relaxed

programis monotonousthenit alsosolvesProgram2. Q.E.D.
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Proof of Lemmal. Oncek is inveged, a maximalexpectedsocialsurplusm*(k, 1) may berealzed. The
principal’s payof is boundedbelon by zero: ary contra¢ that would resultin a negative payof againg
sometype k is weakly dominatedby onethatstipulatesg(k) = #(k) = 0 in thatevent. Consequety, the
agents payof is boundedabore by 7* (k, 1). Becauseetuwnsareboundedthis boundeventuallydecrease
belov 7y ask is increasedbeyond somek wherew*(fs, 1) = m. Henceary k > k is now dominatedby

ko. Q.E.D.

Proof of Lemma2. Let “o” bethe compositionoperator f o g(z) = f(g(z)). Stab andS.C.ensurethat
the demandandsupplyfunctionsareinterior solutiors. By definitioncq(¢(k), k) = p*(k). Replacek by
kE**(p) to geteq(g o k**(p), k**(p)) = p andconcudefrom S.C.thatg o k** = ¢**. Apply k* to bothsides

k* o §o k™ = k* o ¢** = k**. Hencek™ o g is theidentity function. Q.ED.

~

Proof of Lemma3. Supposehatsuchan equilibium exists. The agentinvess alevel k € [k, k] thatis
antidpatedby the principal. Sincestrict gainsfrom tradecanberealzed,herbestrespons is to offer the
contract (¢,t) derivedin Stepl whereq = ¢*(k,1). Similady, the bestresporse of the agentto ary ¢
proposeddy the principal is to inved k*(q) in orderto minimize costs Thesetwo bestresposefunctions
(seeFigurel) intersectonly wheng*(k, 1) = [k*]~!(k) = ¢(k); thatis whenk = k;. Theagents payof
m*(k1,0) isthenstridly lessthanthefeasble payof 7. Sincetheagentis notmaximizirg attheinvesment

stagewe have a contradiction. Q.ED.

Proof of Propositon 2. Supposéhatthe agents equilibrium strategy F' hassupportK andis givenby (10)
and(11). Noticethatlimy .« F(k) = 0 andthatlimy.-1) F'(k) = 1, sothatthereareno atomsat
the endsof the support Given F', compute(g, 7) from (5) and(3). Equation(5) is solvedfor all k € K
if andonly if § = 4. Sinceg is astictly increasingfunction, Corollaly 1 applies and (g, #) maximizesthe

principal’s payof. To shav that(9) obtains noticethatif § = ¢ then

sk(G(k), k) = —ck(4(k), k) — m(k, p).

By (7), —ck(g(k), k) = 0. Applying (3) thenyields(9).
I now verify thatrandomizng on K is optimal Considerthe proposecequilibrium contractin its form
(4,7). Using(1), (2) and(9),

t(k) = mo + c(4(k), k)- (A3)
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Substitde £*(g) for k in (A3)
tok*(q) =m0+ c(d o k*(q),k*(q)) = mo + C(q).

The mawgind revenueof producirg an additional unit is thus given by the long-run maiginal costup to
G(k1) = q*(k1,1) = q1. It is disconthuousin ¢; andzeroafterward. Sincemaginal costis increaing,
the lowest value that mamginal revenuemay take (besitle zero)is Cy(0) = c4(0,kp). S.C.implies that
cq(0,ko) > ¢4(0,k) for all & > ko. In this case,increasng productdn aslong as maginal revenueis
no lesserthanmagind costc,(g, k) is a necessar condiion for profit maximizaton. An agentthat has
invesedk € K producesaquantty g thatsolvesC,(q) = ¢4(g, k), thatis ¢ = §(k), andrealzesa profit
t(k) — c(4(k),k) = mo. The shortrun mamginal costcurve of an agentthat hasinvesed k& < kg lies
everywhereabove themaginal revenuecurve. He producesiothingandrealizesa profit —c(0, k) thatis no
greaer thanmg. Theshort-un mamginal curve of anagentthathasinvestel & > k; lies everywherebelov
themamginal revenuecurve. He producesy; andrealzesaprofit £(k1) — ¢(q1, k) = 7o — [c(q1, k) — C(q1)]
thatis stricly lessthanmy. It followsthat K is a subsebf thesetof theagents bestresposesto (4, £). The
agents payof on K is indepandentof k£ sothatheis readyto randomize.Therandomizabn maythenbe

setarbitrarily to F'. We have anequilbrium. Q.ED.
Proof of Propositon 3 andof Corollary 2. UsingLeibniZsrule, differentige (10),

k
Fy(k) = (1 — F(k)) (—h(ko)%—]:;] + hn(n)dn) .

If ko increasesvith n andh(k) decreasswith i, thenF; (k) < 0 for all k, whichis equialentto first-order
stochatic dominancgseefootnotk 10).

If pryy < 0, thency,, < 0. Apply theimplicit functiontheoren on (7) to shav that

Oko _ G o 04K) _ o o yreg
an Ckk on Cak

Differentiate(11) with respetto 7 to obtain

A

Ooh 0
[1 - cq} 3_77 = [hcqq — cqqk] 8_7q7 + [hcqn - chn} , VkeK.
Thefirst two bracleted terms areposiive. Whenc is separlle with respet to ¢ andn, thelastbracleted
termonther.h.s.vanishesandh is positively relatedto ¢, hencenegatively relatedto . Propositon 3 can
thenbeapplied. Q.E.D.
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Proofof Lemmad. Let #** andk** bedefinedfrom é&. An agenwhoinveds k; atthetop of theequilibrium
supportgetsto produceefficiently (k1) = ¢*(k1, 1). Differertiate (14) with respecto k, evaluatetheresut

at(g(k1), k1) anduseS.C.to get
0 = —pvuck(§(k1), k1) = (1 — B+ vB)7i(k1,1) + B(1 — v) 7y (k1,0) < 7 (k1, 1).
Since7* is stridly concae in k, the previous result7j(ki,1) > 0 impliesthatk; < k**(1). For all

k < k**(1), hencefor all k € K, we have 7*(k, 1) > 0. It follows that

7y (k, 1)
¢k’,ﬁ(k’; —,B,’U) = _/82—’[) < 0, Vk € K.

Differentate (14) anduseS.C.to get
—Buck(q, k) = (1 = B)ax(k, 1) + B| (1 — v)(k, 0) — vék(q, k) | > (1 = B)7x(k, 1) + B7g(k, 0).
Forary k € K andary equilibrium pair (4(k), k), we have ¢ (4(k), k) = 0 sothat
_ (1= B)m(k, 1) + B7y(k, 0)

Pryo (ks —B,v) = 502 <0, VkeK.

Q.E.D.

22



Notes

1 Hart and Moore (1988) have initiated a string of modelswhere a hold-up occursbecausesx post
rengyotiationis unavoidableandcontratsareassumedo beincomplete Informationis symmetricbetween
both contrating parties while a third enforcing party (the courty staysuninformed. An appropratedesign
of the rengyotidion process (Aghion, Dewatripontand Rey, 1994; Noldeke and Schmidt,1995)or of the

liti gationprocesgEdlin andReichestein,1996)cansolve the hold-upproblemin this context.

2In gametheoreic words, thisis nota“type” but a“move”. Nevertheles, the (quoted)word “type” will
beusedfor aninvesimentlevel sinceit charactrizesex posttheagents payof functionlike atruetypedoes

in theageny literature.

3Therearesomeolderexamplesn non-stategic competitve settingsin the“quality-guarateeingprices
literature SeeShapiros (1986)modelof alemonmarket whereselles have the choice throughinvesment
in humancapitd, to eithe selllemonsor quality services.DaughetyandReinganum(1995)have proposed
amodelwhereanendogenou&ype” distribution emegeswhenfirms play a purestrategy with respet to
an R&D investmentdecison that involvesa randomoutcome. The distindion shouldbe madebetween
modelsin which theinformedparties play pure straegiesthatexogenouslyinvolve a randomoutcomeand
those,suchasin this paper wheredifferent purestratgiesare playedthat belongto the supportof a same
mixedstrategy. Adaptedto a straktgic seting, Shapiros modelwouldfall into thelatter classwhile theother
belongsto theformer. Theimportart differencebetweenhe two clasgsof modelsis thatobserablity of

the strategy playedyieldsno straggic effectin the purestraegy case- only the outcomemattes.

For instane, LaffontandTirole’s (1993)versionof thehold-upproblan underasymmetriénformation
doesnot resultin a mixed straegy for invesmentbecaus they make the implicit assumpbn thatit is
not possble to contiact after invesimenthastaken placebut prior the agentknows precisdy his random
producton set. Furthermoe, investmentdoesnot affect the supportof that randomset. One canshowv
in that contet thatit is doesnot pay for the principal to inducesepaation of agentswith respet to ther
invesmentlevel (whichis notrelaedto thefeasble ex postgainsto trade) Theagents payof function then

becomestiictly concaein invesinentandhasa uniquemaximizerthatis played in purestraggy.

4Thevaluegqy refeisto Figurel. It equalsg**(0) = 0 in this sectionbut it takesa differentvaluein the

first applicdion of secton 3. Seefootnoe 12.
SThemarker E in Figure2 is usedin sectbn 3.
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6Considerthe slopes of ary two short-un maginal costcurvesat ¢ suchaspoints a andb of Figurel.

Whenassumptin Regg. holds,theslopeat pointa is no lesse thanthe slopeat pointb.
"Fudenbey andTirole (1990)make a similar obsenation.

8Lety = F(k) andy’ = f(k). Theny' +h(k)y = h(k) whichis afirst-orderlinea differentid equaton
solvedby (10).

9IDifferentability with resgectto 7 is implicitly assumedhroughouthis secton.

0 et £ andy be randomvariables with distributions ' and G. The variablez is said to first-order
stodastcally dominate y, denotel = >gsp y, if F(2) < G(z) for all z. If F(-;n) is afamily of differ-
entiable distibutionsparametazedby 7, thenF;, < 0 is a sufficient condiion to orderthesedistrbutions.
Whenz =gsp y, z is saidto bestodastcally larger thany in the sensehatwe canalwaysfind two random
variabkesz’ andy’ thathave thesamedistributionsasz andy andthataresuchthatProb(z’ > 3') = 1. See

Wolfstetter(1999).

"Thismonotonicty condifon is notrelaedto theusualonewhich specifieshow h changesvith . In the
standad incompleteinformationmodel,the condition i, > 0 is sufficient (whencgk, > 0) to ensurethatg
satigiesthemonotoniciy condition (4). No suchcondition wasrequiredin Step3 becausé&.C.ensureshat

theequilibrium g, namelyg, is monotonousnyway.

2Thevalueqq in Figurel is notzeroasin thebasemodelbecaus¢heopportunty costfuncton ¢ doesnot
satidy the techrologicalassumptios everywhere.Noticethatc is convex but not stiictly sooutsice Y (u)
andis contiruouslydifferentiablebut not three timesat the frontier of Y'(x). Nevertheles,the strucure of

theequilibrium is notaffectedin this case.

13Noticethatu = &,(qo, ko) = Cy(g0). For ¢ > go, we have

™0+ C(a) = 77" (1) + Cla) = o — Clan) + C(@) = an + | C,(0)ab,

q0

q
> 1qo +/ Cq(90)d0 = pgo + p(q — 90) = pq,
q0

wherethe equalty holdsonly in ¢o. Hence,a“type” kg agentis paida price i by the principal. This agent
is indifferentbetweemroducirg for themarket or the principd. Proposiion 2 selet¢s anequilibriumwhere

this agentproduce only for the principal. For ary otherk, the prindpal paysmorethanthe market andthe

24



agentproducesonly for the principal.

l4Seelaffont andTirole (1993),8 Al.4, for aproof.
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Figurel: CostsStructire.
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Figure2: A sketchof thegamein extensie form.
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