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A bstyackt

In the camman agancy prdblem multip e medienism desigers si-
multaneasly attempt © aatol the behavior of a singke privately
informed agenit_ T he pgpershons thatthe alllocatias assodated with
eqpi lbria reltive 1o any ad hoc set of fesibke mednenisms aan be
reproduced as eop ibria reltive 1o (Game subosetof) the setofmenus -
Furttermare, equilibria reltive 1o the set of mas are weekly ro-
bustin the sase thatitis pasibke t©©  nd aottinuatian equilibria so
that the equi ibrium allocatias parsist even when the set of Eesibe
medeniams is enlarged -

T he st ofi irect mecharisns Himsa urversalc hssofmecharisnsor
prob Bnsinw hch a argk prinpaltriesto cortro Ithe inertivesofore or
more aceris. T he mecharnignsare urvers linthe «re that the payo®s
(or abbcatiory cereratel by ary iriirect mecharisn canbe reprod uel by

= hanks are due ol anry Epstan, !l egll eyer, Cardn P itchik, L ars Stoke and Serga
Sewarinov forhebful comments. T he” nendal suppartofthe Sodal Sdencss andH uman-
ities R escardn Caund 1 of Canedla is gratefullly ad<sonedosd -
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anappropriate § irect mecharisn . Animmel iate mp katonisthat the mog
pro tab B d irect mecharisn isabaysat Bagd aspro tab B asary i irect
mecharisn - Inthisere, optimald irect mecharisnsare robus iNthe :re
that < Bersw illcortine to ux them evenrfthe st oFEash B mecharnsns
iserhrged -

k hash eenkarow nbr @me time that 1 rect*mec harisn softhe use lsrt
do rot have the= propertiesw henthere are mukip k prinpalkcompetirg
acpirg ore arsther’ The ( i culy isthat agenishave market infrmation
at the time that theycommurxate w ith prinpalkan “rawve”d irect mecha-
rsnsio rot albyv = EBrsto ux thisirbrmation Akerratively, a comp kte
l esrptiornofthe ageri'sprefrernes(an b ellie® isrot erouth to revea bthe
aceri's type' inthe @re ofHarsryi-t >xamp ksinthe kerature show that
equibrium INd irect mecharisnsisrot rob ud acnirg the possb ility that
the mecharisn d edgrersmight ( eviate outdl e thisc hssofmecharisns®
art that there are ¢ hsesoFiri rect mecharisnsw hos equibrium alb-
catiorscarrot be rep katel when<sErsare compell to ue orly ( rect
mecharisns .

At a conieptual Bvel thisprob Bm hasbeenreslel byt pgeinan
Peters[4]Jwho cordgrut a uversalst ofmecharisnshasd , iNpart, on
a red e ritbnofanagnstype. T hisst ofmecharisnshashoth the d e-
grab E propertesthat the st ol irect mecharnsnsposssesinthe usal
grgk prinp kB prob Bn - Fird, ary inireect mod eloftompetitionamory
mecharisn ( eggrersgvesrisk to a <t oFEash B mecharignsthat canbe
embedded irto the urversilt ofmecharisns. Seconi b, equilb ria rebtive
to the urvers It ofmecharisn sare robust iINthe € rw that equibria w il
cortine asequilb ria w henthe st ofFEash E mechanisnsisexerie! -

T he st oftypesirvolel INacha corgrutionarecomp bx_Fird ofall
gne typecortairsmarket imNbrmaton it iIserd ogerous. Secort , eveNniNgdn
ok agert ervirormertsw here the prinpaE belkeBare commonkrow B g,

2T he besic prdolem with direct medhanisms in ampeting medhenism design prablems
wes 1Istdosened byl @ e [9]and Katz [7] Bamplkes ilLstiating the dit=aulies that
aniearegwnin(8][l4]ad[4]

3 neampkis gveninll artimortand S©OE[8

4 artimart and Stoke [8 ] d\ve an eqpilibrium in vwhich sellers use reesanebke lodding
indirect medneniams - P ek [1 4 ]gves an eampk of a na+authful equi ibrium in direct
medneniams whose allocatias cannotbe rieplicated in any e ibrium inwhidh sellars use
directmedenisms.



the prinpalE mecharisnscand epera onore arether incomp Exw ays. For
examp b, < r 1°'smecharisn may d eperi ornw hether < Ibr 2 "smecharisn

d epert sonw hether < Ibr 1°'smecharisn deperis::zar % or So the st

ofacger'stypesmug come fom anin rite d mersoralgace everw henthe
<t ofagen'stypesis rite inthe corvertbralsre . So depite the #ct

that a urivers It ofmec harisn siskrow Nito exad, it st i culk to u= this
resulk iNpractce.

T he pupo< ofthispaper isto askw hether the corgru tiorofa urversil
<t ofmecharisnsisamp br ina more ec e kel ervirormert_T he ratural
cari d ate Br sch anirvesicatonNisthat ¢ kssofprob Bmsw here mulkip k
prinpakbattempt to cortrolthe nertive ofa Srgk ageri- Thismod el
hash eenthe Bt usofthe emergirg Eerature oncommonacgeny? 0 re oF
the method sthat hasheenu=i to arabze prob Emsinthisfamew ork isto
magire that the prinpako®er the acgert merusofa kerrative fom whrh
he carxhoo< - INthe Srgk mecharisn ( eagrer prob Em w ith a Srgk acern
who hasprivate inbrmationbu takesro ureb rvab B actiorn merusof
akerrativesare ¢ karly equivabrt to ( rect mecharisn<. Thisistrie ro
matter how comp kated the type face iIs arycortract that ad<sthe agert to
report a type iso®erirgthe agert a meruofa kerrativesofame kird T he
pupo< ofthispaper isamp b/ to evalbate merusasanappropriate mod eloF
competitionamorgmecharisn ( eagrersw henthere isorlya Srgk acert .-

Asuw illb ecome apparert, merusare rot urivers linthe re o pdein
arn Peters[4]” T he uriversilst ofmecharisnshasthe property that ary
arb trary ¢ hssofini irect mecharisnscarbeembelded irto it - Inthiszrs,
the uriversi It exterisary ar trary st ofird irect mecharisns. k creates
rew ( eviatiorsthat cand esroy equilbrium rebhtive to @me arb itrarily re-
drrtel st ofirdirect mecharisns. k ab createsmecharisnsthat canbe
uxl to spport equilb rium oucomesthat carvot be spported rekbtive to
arb trarily redritel stsofiri rect mecharisns. The embed ¢ irgs (inthis
uversilc ks asoc i|mted w ith merusani alerrative ftsofiri rect mech-

SFarexampke, B emham andW hirston[1 Il artimartand Stoke[8 B iiss, )l arimart
adR adet[2}

8 1thes been sugssted ome thatthis is riefenad o as the axation prindp ke"although
| am usure of the sourae of this t&rm .

“Far the same reesm, maLs are notuniversal in the way that direct medneniams are
universalin the singdiemedhanism desigerprablem _A  ibitrary indirectmednenisms caannot
be uniguely assodated with same sped cmau.
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arnsnsw ilgereraly irtersect, w ithout ary assc iatel proper cortairmert -

T he d & culy Isthat the ssme meruo®erel INd Werert ways(that isto
[y, 0Perel asa kerrative inl irect mecharisng caniri uwe ¢ Perert cortiru
atiornequilb ria - To accourt Br this the uversi st ofmecharnisnsmud be
at kad ashrge the <t ofa Emerusp Listhe <t ofalkcortinatonequikb ria
asmciatel w ith thoe merus_ll erusabre carvot he usd to desrbe more
cereralin irect mecharisns

How ever, merusposesspropertiesw eaker thanurversa ity incommon
acenyprob Bmsthat are alnos asgpod -The rg theorem presriel bebw
show sthat ary equibriun rebtive to @me st ofini irect mecharisnscan
be trarshted irto anequilb rium rehtive to ®me sb <t ofthe £t ofmerus’
T histrarshtiond oesrot presrve payo®sinthe way that trarshtiorsirto
the urversi et ofmecharisnsd oes. How ever the trarghtorsofin rect
mecharisnsp byel abrg the equilbriun path 4o presrve payo®s < that
the equilbrium payo® srehtive to me st oFEash B i irect mecharnisns
canbe repreriel "asequilbrium payo®srehtive to @me redrrtel st oF
merus. Thismearsthat rfthere are mod elofir irect competitionthat
have { esrab B properties lke robudress(4], thenit mug be possb kB to
characterize the asc lated equilb rium payo®sasequilb rium rehtive to the
<t ofmenus.

T hisresul ¢ oesrot mp by that every equilb rium inmerusisrecessarily
ineredirg-T he t ofmerusisa drrt sb <t ofthe urvers st ofmech
arnians 9 it ishlikel/that me equilbrium rehtive to the =t ofmerusw il
rot be rob ug to the possb ility that prinipalkcand eviate to more comp k
catedl mecharisns. T hisproperty isthe key property ofthe uriversalset oF
mecharisnsd iIsusel INE pgeinar Peters4]-t quibriun rektive to the
uversilst ofmecharnisnsw ilcortine asequibria ro matter how the
<t ofFfFash E mecharnisnsisexeriel - The scori resuk iNnthe paper is
cornerrel w ith thisisse.

8 1tmigitseam thatall that this reauiies is that the seller aBara maru along with a
sugosstian ebaut how the agentshauld doose from the mau @olloningll yersan)- T he
dztailtywth this gppraach is thattthe sugogesstion thatthe selliermakes tothe agaitshaud
depad an the agenits e tpe- Sinee this type dgpends an the marketinfomatian that
e agmit hes, this immediately makes the pradblem as di—ault as trying 1o desaibe a
universal sstofmedienisms..

% s will be seen, the menus that are needad are mare ampkex then thoe thathae
tadtiaally been usd In the erature.




U nbrturately merusdo rot have the grorg rob ugresspropertiesof
equilb ria re htive to the urivers It ofmecharisns. How ever, theyd o have
a weaker rob ugressproperty inthe «rw that Br aryextersonofthe «t oF
mecharisns it w illalayshepossh Btocordgrut a cortirnatiornequilb rium
Br the extergonsch that the payo®s fom the origralequilbrium are
presrvel .

1 Basxs

There are n <brsiealirgw ith a Srgk bwer . T he termsb wyer ari < br
reel rot be inerpretel Eteraly_ T histermiro bgy iIscommoninthe Btera-

ture oncompetirgmecharisns(9]15], or [4])- T he Eerature omcommon
aceny hasheenmore creative iINgereratirg e>xamp ks Br examp B mulk

pEk Briersiealirgw ith a Srgk borrower (B iasll artimort ara Rochet [2 ]
art Parbur ard Rapn([13]), mukip B reguktorsoverseiryg the operatbnN
ofgrgk mm @errieim ardi W hirgon[1]) or mukip B bbbyidstryirg to

irftene gverrmert poky (Didat ard ¢ rossnan[3]) - T he trad irgprocess
beagrsw hen< rsamulareoudly arroune the mecharisn sthey p hnto

u® - Anmportart asamptionisthat the b uyer ob ®rvesmarket iNbrmation
comp ktelyw hik ro < Br cand rect by ob ®rve the mecharisn that hasheen
o®erel by aryother = Ibr_ Afer eirgthe cortractso®erel by each = Ikr,
the b uyer commurtatesw ith < lbrsan take actrsthat a®ect the payo®s
ofallthe = krs.

T he primitivesofthe mod ellare

A ace oFamp b actiorsavaibb B to each = Ir

E: sace ofactorsthat the b wer carriesou Br the < Ibrs

- - valatibrssace (in Li irgthe Usaltype® ofa b uyer)

F:cd faccord rgto w hrh (a B EBrsh eleve) the b uyer'sva Lationis! rav N

To avol measure theoretk cordl eratiorg it w illbe assmeld that the sts
AE ari - are all rite. Anekmert ofthe €t Aisa comp kte d esripton
ofthe cortractb B part ofthe re htiorghip b etw eenthe = Br ard the buyer.
Thiswoul nbLie ary trarskr betweenbwer ari <Br arn ary acton



takerbythe = Bbr _Actiors®r the < Ber might in Li e cortractsthat sec ify
cortractb E actiborsthat the b wer hasto take . Animportart assamptonis
that = Erscarrot w rite cortractscortirgert onthe cortract o®ersor actors
ofthe other ®Ibrs. The =t E desrbesthe st ofunortractab kB actors
avaihb Eto thebwyer.T he =t E might corag ofa vector ofe®ortsthat the
buyer uriertakes®r each < Ibr. Akerratively, ina competirg mecharisn
prob bm,E isps a 4 ofallthe <BBrs. T he buyer'schore amp b/ reects
the mecharisn that the b wer choosto partk pate in

Buwersarn <z Ershave expectel uility prefrenes. Selbrs payo®sare
repreertel hyv : A £E § [0;1]-For the b wer, payo®sare represried
bythe TntoNuUu: A £E£- § [0;1]-To amp iy ©me ofthe argumerts
bebw, it isasmmel that there isanactona that each = r _gcantake srch
that Brarya; 2 A

u@;a;pe;!) - u@ga;ge;!)

Bralla; 2 Ail;e 2E an Brary! 2- _Thisactbnisu=d at various
poirtsto prevert the b uyer fom =ni irg messigesthe < Ibr d oesrot wart
to hear uder arycirtunganes.

11 Stardard M ol elofCompetition

Forarymeasrab kst X ,Let 4 (X ) d erote the =t ofprobab ity measres
onX - Whena topobgy on4 (X ) isreel el , the topobgy ofweak con
vercene isassmel - Foraryx 24 (X ), kt sppx be the spport ofthe
 idrbutbNx .- Fixa measrab B face ofmesmgesC that the buyer can
< to a <Br_For anpkity it isassmel that thist ofmesmgesthat
the buyer can<=erl to each < Ibr iIsthe sme. Let R be the (measurab k)
<t ofreporwsthat = Brscansn backto the bwer_Both thee messce
Pacesareassmeld compact metrrc ,but beyorad that are perfct by gereralin
the degee ari rature ofthe commurtationabou the other < Ibrs mech-
arignsthat they permit - For examp k, the messagescoul albw the b wer
to commurtate the mecharisnsheirgu=xl by other < IBrs. T he messges
coull be cortirgert phrsdesrbirg the way the buyer w illcommurt ate
urder ( Perert citunganes.
Aninirect mecharisn < r <br _j 9eci es®ash bk mesages C an

R ,aswelasthe probab ility d itrb utionover actiorsari messcgsthat the
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<krwillus to report to ary messce that the buyer i shim .So G is
a meagsrab B map fom C o4 (ALR ). W ith a sidht ab ux ofrotation
Bt ©= 3 2299 refr to the ertire array ofmecharisnso®ered by the
< Brs. For ary partcubr ekmert o4 (A£R), each report r 2 R that
IS w ith pogtive probab ility i uwesa ugue poderior hellefabou the
probab ility w ith whrh the < Ibr haschosneach actior. T hispogerior
probab ility Eesind (A) - Sine B ayesruk irvolesa measrab B map fom
R ! A, each mecharisn canbe as®c mtel with a measrab B map fom
Ciro 4 (AL£4 (A)- INwori 5§ each mes\xe INuesa pirt d ikrbuonN
onactorsart pogerior helel. k willbe corveren bebw to thirkofF
in rect mecharisnsinthisway- k willbe assmel iNthe quLelthat the
mage ofeach Fash B Fisc bsi ind (A£4 (A)-

Derote by j the st oFFash B il rect mecharisns erdowel w ith @me
topobgy- The gpaloFthispaper isto try to characterze ©od " modelb
oFir irect competition ie, to fecify ool “chores®Br j - 6 ool moieb
oFinirect equibrium shoul be arh that equibrium exagts @ Br the
puposs ofthispaper, it isimacwusto assame that | hasthe taal
d egrab E properties Br examp E that it iIscompact metrr -

T he albcatbrsare therd etermired by the Tbw rgprocess.Frs, <l
ersamulareousl/an puw k b/ armoune the mecharisn sthat they p hnto
u= to d etermire their albcators. T he b uyer themcommurtatesw ith each
ofthe = krshy =nirgeach ofthem ore ofthe mesmgesinthe stsC;
that they fecrfy. The = Brsrepori ari choos actibrsaccond irgto the
< that they have comm itted them s lesto -0 rie the b uer sesthe = Ikrs
repore to hismessae, he choosshise®ort -

The ampkd examp bk migit be prre competition. Syppo< that each
< Br hasa 9rgk urit ofoupu to o®er ani that the b wyer w ihesto putchas
exactlyore urt .t ach = Ibr armounesa prre-T he b wer choosore ani
oriyore < Ibr asa potertiaItrad irgpartrer afer eirgthe prresthat the
< Brshave to o®er. Inthisca<e there iIsro commurraton © that C arn
R are empty Br every <Ir_T he buyer'se®ort isamp b/ the < Br that he
<kts @ that E isanpla s ofallthe = krs.

B wyer b ehavior ineach mecharisn d epert sonthe b uyer*sva batioNnarn
onthe mecharisnsthat he ob ®rvesheirg o®erel by the other = Ibrs. A
commuratiorsgrategy isa measrab Emappirge:- £i"! 4 (C") that
d esribesthe (probab ilityd idrb utpIrover) messmgesthat the b uyer w il
to the = Ibrsasa intionofthe b wer'stype an the array ofmecharisns

Ve



that he iso®erel hythe = IBrs. Al ecigongrategy :- £i"£C"£R" !

4 (E) isa measrah E mappirgthat desribesthe probab ity ( igrbubnN
the b uwyer w illu= to choo< hisactbnasa tntonofthistype, the array oF
mec harisn sthat he hash eero®ered , the messigeshe hassr, ani the array

ofmesacpsreceivel fom the < Irs. T he pair (&%) tocgether corditute

a coninationgrategy Br the bwer_ Say that the cortinationgrategy
(e#)isa cortinationequilbrium rfthe bwer hasro Inertive to deviate

fom thisgsrategy Br ary ofhisvalatorg Br ary array ofmecharnisns
oRerel by the = Ibrs or Br ary array ofmessgesthat he receivesfom the

<krs

Aqain dne j isirteriel to reprert a rearab E mod elofthe compe-
titionamorgthe < Brs it israturallto assame that cortinationequib ria
exag . It isrot ( i culk to cordgrut mod elboFird rect competitionw here
cortirnationequilb rium d o ret exasd (ore mecharisn might be - 1w ilitrai e
w ith the buyer who ramesthe hreps irtecer) X' k isab easyto thirkoF
mod elsoFin rect competitionw here < Brscano®er mecharisnsthat (o
rot make re (each < Ibr o®ersa prre equallto the pre o®erel by the
other = Ikr) _T here isro reel to worryabout w hether ath mod e lbare gpol
lesrptiorsoftompetitonb etw een<z Brs- it isimmed Btelyapparert that
they are rot. T husinthe ( isusonthat Tbw swe redrict attertionto
it rect mod e bthat posessa Bthe usald earata ofpred ctive mod els.

k swoul abo be roted that w hera partc ulkr continationequilb rium iIs
asagrel , thisd oesrot irvo be or require that thiscortinationequilb rium
be ugue-. A mecharisn isofirteres to a <Ibr partly becaue ofthe
cortimnationequilbb rium that it d elvers. Alerrative equibrium € kctors
w illb e inerpreted asakerrative mod e bofni wrect competitionNinthispaper -

W herw e wart to emphasze the unier birg st ofini irect mec harisn sj
weretrto(et)asacortimnatornequilb rium rebtiveto j -W herwew ihto
emphasze a partc ukr array ofmecharisns we re#r to (€€¢°) ;% (¢F9))as
a cortinationequilb rium rehtive to <.

T he key to the dariarlt (ore < Ir) reve htonprinp B, isthat compos
irga mecharisn w ith buyers srategesyel sa mappirg fom valators
irno actioryg or iNother word 5 a @ irect mecharisn " INthe cortext ofthis

Uintctl yarso [ 2]gves an exampke in whidh the sellbers eqpi ibrium does notexist
when sellers are aastraned 1 use raive diriect medneniams in whidh the buyers repart
oy tartpes.



paper, there isa correponi irgcompogtion Let
nNe - £i" i 4 A £E), @

be the pin ( krbubNofactiorsan eRortsimuel bya partcubkr con
tinatonequib rium (€%).

The= de ritibrsmake it possb E to desrbe the huer'san <kr's
payo®s. Suyppo< that the competirg rmschoo<s the rardiom zatiorst =
it gwith £, 2 4(j) Brallg= 1:::n, ard that bwer behavor is
lesrbel bythe coniinationequilb rium srategy (%) -T he b uyer'spayo®
d eperi sonthe mecharisnsthat < Bkrso®er. Let ©= 7 ::29gbe ary
array ofmecharisns. T henthe payo® that the b uyer cetsis

U; (Se#;1)=
z Zz
&KL U@ sttanse;ND)in e (1;9 Q)
T he = Ibr w ho choossthe rari om zationt; expectsthe payo®
V, @Gt 5 &%) ©)
z Z

&kt ¥ (G S0 (5D EGD
w here

ZZ Z
¥ (5 Sp T O v itmag;e)im e (1 (SH S)IF (1)

INnanobviousretation d+; (5 p = M) oty d4 04,0

Say that (€%;4;; :::4,) isanequilbrium rehtive to (M ;j), or smply
that (j ;€% ;4 24 isanequibrium Br M, If (%) isa cortinatbn
equibrium ari Breach g= 1;:::n anl

+- (+% 4 -
;2 argi@(ta()i() Vi @St &%)

k soull be apparert fom thisthat the actiorsthat arypartc ubr < Ibr
takes ari the e®ort Bvelthat isiruel depern rot orly onthe bwer’s
valationbu a onthe mecharisnsthat have b eeno®ered by the other
“rms. k might sem reasorab B to mod elcommonageny inthe fmillar
way by havirg € Brschoos albcatbrsinrepore to the bwer'sreports
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about prefrenes. Asactiorsan efortsw illgererally i eperd onmecha-
risnso®ered hyother s it shoull be ¢ Bar that the albcatiorsarn e®ort
inmuel bysmemod elbofird irect competitiorw ilret be reprod b Bw ith
thiskird ofd rect mecharisn . T hiswasilldratel irtiallyby the examp b
iNPeck [14]. A comp kte riesofexamp ksillgratirg the pitEBsofthis
approach are gveninl artimort ard Sto k [8] Br the commonacgeny cask.

2 M erus

Inthe amp ks Srgk <Br Srgk bwer prob bm, ary ( rect mecharisn as
ggrsanoucome to each report the agert makesab out histype - No matter
how comp Bxthe type sace isr the ager, the rarge ofthismappirgob-
vousl/corgituesa meruofakerrativesfom w hch the agert canchoose.
T hisw orksinrevers asw e | 9nie every meruofakerrativescarnb e w ritten
asaninertive compatb B d irect mecharisn that yel sthe ssme oucome.
k isratualto erguire w hether thisapproach might work inthe common
aceny prob bm w henthere isa Srgk acert.

INnit'samp kg Brm ,a meruisamp lya mecharisn w ith a messge Pace
equalto the st ofactorsAabrgw ith a mappirg <= - A! A sitishiyg
@) 21a;ag Br all! _T he irterpretatbnNisthat the mecharisn <= either
avesthe b uyer the actionthat he requeds or gvesthebwera.The < br's
mes=ae Pace R iIs<st equallto the empty <t . T hisisthe approach taken
iN[2 Jwho albw the = Brsto compete iNroRlrear preirg shemes. T he
actionthat the < Ibr takesinthat ca< corgagsofthe moretary trarskr an
anaswet trade.

Ingreral mecharisns Brmel by o®Rerirg merusofthiskirn willbe
regrrtive 9rne < Brsmight wart to exp bit b uyer ridkaversonby o®erirg
rari om mecharisn sinw hch the b uyer iso®erel a d i€rb utioNover the st
ofoucomes®r me ofhistypes. Hthe < Ibr ( oesthis he might al® wart
to = a rardom rep by to the b uyer that iscorrehted w ith the actionthat
he choosinord er to mairtain®me correctioNb etw eenhisactioNnar the
e®ort that the < Ibr makes. |l erusofthe ampk kini desrbel above can
rot be u=sl to reprod ue thiskinn ofbehavior.

So to mod elmerusinthismore cereralttirg s ppo< the < Br uzs
the mesae aceR = 4 (A ani kBt A°= 4 (A£4 (A)-The messe
that the < Ibr =i sinthiscas woul be irterpretel asa recommeriaton
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to the buyer about the poderr probab ility w ith whrh he soul believe
that the < Ibr hastakenthe varousactors. Anaction®r the < Br isthen
a pint { grbuionover amp b actorsan sgra k. Inthe Hrmuktonthat
T sthe < Irw ilo®er the b uyer the chore fom a meruofactorsinNA°.
For thisrea®mn the st ofmessaesC avaihb B to the b uyer w illb e equa Ito
A°_Now de re j“tobe the =t ofalmappirgs <™ : A°! A saitishirg

(
s, N_. @a aZ2P
(a)_ QO 8.2P

Br @mec b ab =t PY%A, w here a®isa ( ecererate measre that assigs
alprobab ikty w eight to the outcome a ard i sthe { ecererate messce a
with probability 1 _

T he T bw irgtheorem show sthat arb itrary ird irect mecharisnscanbe
rep hcel with mecharisnsinw hch = Brso®er the buyer a meruofaler-
ratives(fom A%. Thisrew meruisamply the st oFfalerrativesthat
the buyer coul have I uel INthe origiralld rect mecharisn by € irg
approprite messacesto the = Ibr.

Theorem 1 Suypo<e that j Isome ace ofinl rect mecharisns bt (€%;4,; 22:,)
be anequilbrium rehtive to j . Thenthere isamap A -j ! = anarray
ofrardom eatiors (7 ::2:)) over j~ ard a cortirationequibriun (G;%°)
rehtive to j© arh that

1.
Uie@ (9: &%) = U, (Sek:!)
Brall! ari Brall<2";an
2 .PBreach 5 23ppt;
Vie@ () :£75 Gh%) =V, (Siti 5 €4)
otherw i iP5 2 2pp ;5
Vie@ (Pt 5 GU) -V, Egti 5 €4)
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E very equilb rium rehtive to | hasa payo® equiva Ent repreriationin
i 7w here the repreriat b Nnisgiverby the mappirgA _T he represriatbrs
are equiva krt inthe =re fa Bt Brsmecharnsn sare trarshtel irto j “the
b uyer cetsthe ssime payo® inthe cortinatonequilb rium re ktive to thes
trarshtel mecharisnsashe d oesinthe origiralcortinationequilb rium _
Furthermore < Brscetsthe same payo® fom trarshtel mecharisn sasthey
receive iNthe inti lequibrium provi el that they p Ry ore oftheir equi
briun drateges. U rpro tab B deviatiors Br < Brsinj correpori afer
trarshtionirto upro tab Bdeviatbrsrehtive to j °.

T he trarshtbM isgraichtBrwart . k Snp ltakesa Bofthe actiorsthat
the buyer coull have iNuel by £ Mgsme mesace to the < kr, 5C),
arn o®ersthisto the b uyer asa meruofa kerrativesthat he reel sto choos
Fom _T he b wer'scortinatioNdrategy istherxorgrutel to reprod ue his
behavior iNthe origiralcortinatoNnequilb rium _T hispresrvesthe payo®s
ofthe varbusp hyers.

T heproofismathematral/trivieLbut comp Exbecaus ofthe fict (men
torel previousld) that maryd ®erent iri rect mecharisnsmight trarshte
iro the sme meruofakerratives. T hiswoul rot be a prob bm, exept Br
the #ct that the b uyer coull cornewvab Iychoo fom the meruani =kt an
e®ort ina way that d eperi sonthe marrer imw hch the meruispresnrel -
Anexamp k isprexnel to illdrate thishebw

T hisisthe reanthat 0® equilb rium path mecharisnscanrot be trars
hte! ima waythat prervesthe < Br'spayo®s!! Hthe sime meruiso®ered
iNntwo ¢ Berert waysinthe origiralgame, ari the b wer chooesd Rerert
e®ort Bve Binrepore to each, thenthe < Er'spayo® w ilcgererallyd Rer IN
the origralcorntinatonequilb rium d epert irgonw hch ofthe two (meru
equiva Ent) iniirect mecharisnsthat he o®ers— T he trarshtioNiro merus
w illrequire that the b uyer repord w ith orillyore e®ort to b oth mecharisns.
Hthe two i irect mecharisn sh oth e onthe equilb rium path, thisvoritbe
a prob Bm becau= they w ilcererate the sme payo® Br the = Br aryway-
Althat canbe guararteel o® the equilbbrium path isthat the trarshted
mecharisn w illyel a payo® that isro hrger thanthe equilbrium path
payo® inthe origirallgame.

T he read er might woraer w hether thisprob Bm coull be re@ Vel rfthe

1 I1tbears martian here that-the universal diess ofmednenisms desaribed by Epstein and
P etexs [4 Jogerates attarsfaomatian that preserves these payc®s aRvthe eou ibrium path.
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< Br amp ly exteri sthe meruby oRerirga messace irgrutirgthe b wer
how to =kt hiseRort (ara how to choos fom the meru). Thisisthe
approach that Il yer@n[11] usd Br the Srgk prinpalprob bm _ Irieel ,
thisisw hy the reve htiorprinip B w illrorma By require the prinpalto £n

a messace to hisagerisrecomment irg the actiorsthey shoul take. T his
approach isrot pusel here, partlybecauz it isurecesary br the pu-

posksofthispaper,an partly/becau it raiesmuhmored i cull prob bms
inthe mukiprinpalcortext _ For examp B, the recommen atiorsthat the
prinpalmakesto the acert w ilgerera By have to d eperd onthe ageri’still
type in Li irgalhismarket inbrmaton.To corgrut the appropriate mes
sigesmecharisn reel sto d eallw ith the corneptua Bycomp ExXcordl eratbrs
asmciatel w ith urvers It ofmechansnsas! iIsuse! IN[4 |- prec il the
cordl eratiorsthat thispaper istryirgto avoi -

T he =cori poirt to keep inmin isthat equilb ria Br < Brsrehtive to j
w ilrot cererally trarshte irio equilbria rehtive to j °- T he reanisthat
i willtyprally inorporate varbusimp k it regrctorsonthe mecharnsns
that = Brsare albwel to u._T hisisexpress! Brmally by ob ®rvirgthat
A (i) ¥2i °- T hisob ®rvatione>p kirsthe various Eillresofthe reve htion
prinp k that have beenunoverel iNthe Eterature. For examp B it isrot
hari to magire that rithe mace ofj is"sna K erough iN;j “therequilb rium
oucomesre htive to j “w illcererate payo®sthat carrot be attairel byary
comb irationofmecharsnsinj - T hisisthe bagsofthe examp B gvenin
Peck[14]- Secori W, evenifthe payo®sinssme equibrium rebtive to j~
are attairab B by comb iratiorsofmecharisnsinj , thes payo®smay rot
he spportab B asequibria rebtive to j - T hisisthe hagsofthe examp b
gvenini artimort ary Stok [8]-

T he third poirt to rote isthat the theorem gvenhere iscordl erab b
weaker thanthe ore INt pgeinarni Peters[4]- INthat paper cor itorsare
gvenurder w hch every mecharisn inj (onor o® the equilb rium path) is
trarshtel irto a payo® equivakrt mecharisn iNj ° (@cqainthe trarshton
here isrot payo® equiva krt o® the equilb rium path).

Despite the #ct that merusinA™ are rehtively tractab B, they are con
i erab by more comp katel thanthe merusthat have beenu=si iNthe k-
erature . Nonlirear pre irg shemes Br examp E, irvole merusofamp b
actiorg w ithout ary rariom zatonofary mesmagesfom the = Brsto at-
tempt to irfLerie bwyer behavior. T he ronlirear preirg prob Bm w ith a
grgk agert isamp Br thanthe prob Bm cordl ered here rfthe b wyer takes
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ro unortractab B actiononb eha fofthe < Bbr . INnthisca<e, there isro reed
Br the < Ibr to £ mes\esto the buyer to Irfwerne hise®ort, art the
<t ofmerusofekmertisfom 4 (A) w illbe st clert to prove a revebtion
prinip E amikr to the ore above .

T he requirel rariomezatonmearsthat this<st ofmerusw il gillbe
more comp kated thanthe amp B ronlrear prrirgshemesthat have bheen
uxl INthe Bterature .0 ptimalinertive shemesw ith ridkaversorw illofen
require the us ofraraom outcomes. T he typralapproach isto asgame that
rari om zationisimpossh B _ A previousversonofthispaper a==med that
cortractb B rannomeatonwasd & cul erouch to keep the st oFEash k
actiors(ofeither a rardom or rerariom kiri) rite.. Inthisca, a verson
ofthe T heorem 1 canbe provel INw hen< Brso®er orly merusofamp b
actiors.

3 E>xampk

Thissctond evebpsa amp kb examp k to illdrate the reve htonprinp k
provel above. There are two = rsart a 9rgk b wyer w ho canhave ore
oftwo possb b typesy, or |, with equallprobab ility_ T he < Ikrshave three
avaihb B actorscalkl A,B,ard C . The buyer i oesrot make ary eRort
an it isassmel mpossh k Or the = Ir to write cortractsthat comm t
him to ary eci ¢ rardom zationover thes three outcomes?? T he payo®s
to=xikrl,<Br? an the buer repectivelyare bidel iNthe Tbw irgtab k.

M1 Ha
A B C A B C
A 0;0;0 2;0;2 §1;53 A 333 0;0;0 0;0;0
B 0;2;2  1;1;1 0:;0;0 B 0;0;0 1;1;1 0;0;0
C 5 §1;3 0;0;0 0;0;0 C 0;0;0 0;0;0 0;0;0

The rgboxisavariart ofthe examp B presriel inl artimort ari Sto b
[8]113 T here isanequilb rium Br thisprob Em irw hich both < Erso®er the

12T his does notstp him, ofaaurse, fiam wsing a randam strategy to dnocse anag the
three actias.

13T hey desaribe a mau equiibrium for this box in vwhidh eech selier aRars the meru
1B ;C g tothe buyervwho then docsss the gotian B fian both - T his is notan equiibrium
ifatractibke randomizatias are passibke. 1 Fthey are eitharselieraan pro tebly deviake
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actionC to the buyer_ T hiscanbe irterpretel asanequilb rium INd irect
mecharisns w here each = Ibr o®ersa d rect mecharisn irw hch the action
chonisinepertert ofthe bwer'sreport . T hisisal anequilb rium IN
merus(inw hch each = Ibr o®ersa ( ecererate meru) -

Hthe competitonismod el by albw irg < Ersto o®er merusofamp b
actiorsto the b uyer, there isa rebktively amp B equib rium inw hch each
< Br o®ersthe buyer the meru TA;C g- T he buyer chooss A fom both
< Brsw henhistype sy, ari rarnom eeschoogrg A fom ore <rari C
Fom the other w ith equa Iprob ab ility w henhistype isy; - T he b uyer'spayo®
iNnthisca< iIs3w hatever histype .t ach < Ikr gets3w henthe b wyer istype
W ari 2 (that is 15 j ) w henthe b uyer istype p; -

To show that thisisanequilb rium INmerusit iIsrecessmry to checkthat
reither < IBbr canpro tab I/ d eviate by mod rirg the meru that he o®ers.
For examp B, cord er the payo® that the = Ier canget by d e Btirgthe option
A fom hismeru. Hthe buwer hastype |; he w illchoos A fom the other
< Br Br arean thedeviatirg<rw illcget payo® 5.T he d ow ratl e isthat
the = Ibr row recevespayo® 0 w henthe buwyer istye |, - T hisgvesthe
< Erisexpectel payo® as5? ,exactbywhat it wasinthe intia lequilb rium
k isdraigitbrwarl to check that d eviatiorsto akerrative merusare al®
upro tab k2

Alerratively,corda erirgmod e lirgthe competitorbya lbw irg< Brsto
choos fom a Sigtly hrger st oortracts corasirgofaliposh B merus
art ald irect mec harisn s(mearirgthat the b uyer reportseither yy or w, ara
the = IBbr repori sw ith ore ofthe actiorsA, B ,or C)_Re®r to the meru
TA;C gasthe mecharisn < inthisgace-T hervored eviationthat the < Ikr
might corsl er isto o®er a d irect mecharisn < w hich choossthe actionC
rfithe b wyer reportsy, ari A rfithe b uyer reportsy, -Suwppo<e that the b uyer
repor sto thisi eviatorbyreportirgl, to the d eviator re matter w hat his

10 a random mednenisn @hatis, a deggerate maru fian 4 (A)) that dhoosss action A
with smalll encugh prdosbi ity | am indebted 1o Serga Severinov farpdnting this aut to
me.

1 1faradtibke randomizatias are passiblke, this menu will notbe an ecpi lbrium _ A
pro tebk deviatian wauld involhe GRering a mau axsisting of the autcome C o suig,
orarandan autcome tat providss A with high prdoebi ity and C with ampbmertiaxy
praosbi ity IFthe buyerhes tpe |, he can no lkbnger randamize, butis Torad irsteed ©
dooe the autcomeC Torsure with the deviator. Sinee the qptian A isstillaa bk, the
buyerwill dhoose itwhen he hes pe |, -
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type 1Is(® that the d eviator ab ayschoosA) - T heryw henthe b yerstype
isy; he choosesthe actionC fom the other < Ir'smeru. T hiscortinationN
equilb rium makesthe d eviationgrctly upro tab B Sne the d eviator bss
ary chare at the payo® 5 that he getsw ith pogtive probab ility abrgthe
equilb rium path.

To trarshte < irto the correpord irg meru ob rve that ifthe other
< Br o®ersthe d ecererate meru corasirg asdsofthe actioNnA thanthe
buyer w illreport truhEil/ uier @ _.ThusA < isjudt equalto the meru
cordggirg ofthe optiors fA;C g, obviously the sme asA (< ). T he sime
meruofoptorscanbe o®erel INtwo ¢ ikinNt ways ar the bwer reponis
to thes o®ersd Rerertly. T hisd Bererne makesthe < Brspro t grctly
bwer w henhe o®ers < thanw henhe o®ers < inthe origiralcame . T hen
w henthe mecharisn < cptstrarshtel iro = the payo® that the s Bbr
cetsfom the trarshtionissrrt by higher thanthe payo® he gt fom the
d eviationinthe origira lequilb rium _ Norethe Bssthe payo® isro hrger than
hisequilb rium payo® asspeci el by T heorem 1.

T hise>xamp E hasarwther property. T urnthe argumert arourd ardk mag
ire gartirgw ith the £t ofmerusar exeri irgthe st ofmecharsn savail
ab B to the =Br to nbde direct mecharisns. W hether the < Brsw ill
cortire to o®er the meru fA;C g d eperi sonhow they expect b wyersto
repord — Hthe buyer isexpectel to report truhilly w henthe < Ikr ( e-
viatesto the d irect mecharisn <, thenthe equib rium iNmerusw il &R
apart grue the d eviatirg < Ilkr w illthernersure the payo® 5 Br him< lfw hen
the b wyer hastype ; - T hisillbgratesthat the equilb rium INmerusisrot
robus iNthe =re o pdeinar Peters|t]-

Thiskal srrely irno the cord theorem inthe paper. T here Isa con
tirnatonequilb riun that coull be asagred to the d eviationthat w 1lb reak
W the equilbrium , b u there isale ore that w illpresrve it . T he theorem
inthe rext sctioNsow sthat thisisgereraly trie w ith commonageny.

4 WeakRohugress

Thewite ue male oft irect mecharisns (or merus iINdrgk mecharisn

i esigrer prob Ensgsemsfom two fcts- rg,d rect mecharisnsare amp k.
P erhapsmore importart,orne <Ers n thebed d irect mecharisn theycan
be sure that they carvot improve their pro tsary more by experimertirg
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w ith other more comp Bxmec harisns. Neither merus rord rect mecharisns
have thisproperty incompetirgmecharisn prob Ens. T hisisilbgratel in
the examp B gvenab ove . T he sime examp kssged ara kerrative, 9nie
the ab ility ofthe < Ibr to inreas hispro tshy o®erirgmore comp Kkated
mecharisnseemsto ( eperi onthe way that the cortirationequilb rium
isasHg® -Some asggmMentsinreas pro tshu there abayssemsto be
analerrative asagment that d oesrot inreas the < Br'spro ts. k turs
ou that w henthere isa 9rgk agert, the property istrie more gerera ly.
T he point ofthissctionisto ilgrate thisi ea - < Brsare corgraired
to u2 merusofthe kini desrbel above, thenthere w ilabayshe a way
to asagnithe cortinatbnequilb rium s that thisequilb rium peragsw hen
the =t ofmecharnsnsiserkbrgel -

To illgrate thistl ea cordl er two Fash B stsofin rect mecharisnsj
an jl_Saythat j! <5 (j! ishbiggpr thanij) ifthere exigsanembet d irg
®°:j ! jl.Thisitlea isratual there are more mecharisnsinij! thanin
i -Now take two mod elboftompetitionw ith fash kE ftsofmecharnansj,
art j!ard schthat 1 < . Let the as®c iatel cortirnationequilbria be
(&%) ant (&%) regpectively. Ashebre, Bt m . (€ ard m ey (GF) be
the pin i krbuprsoNnactiorsari elort Muel by thes cortinatonN
equilb ria w henithe array ofmecharisnsono®er are “ari < respectively.
T he cortinationequilb rium (j!; ;%) issii to exenl (j;€%) ifthere is
anembeid irg® :j! j!sachthat Hrall<in"

M e (F)= M exs (30 (D)

The cereralkatonofthe i ea behird d rect mecharisns inthe Srgk
mecharisn { eagrer prob bm isto magire < Erse>p brirg more comp kEx
mecharisns(inij?!) that are rot ervisorad by the "al hoc* mod eloftom-
petitbNwpeci el inthe ecorsam mod elofompetitioN(ie, j)-A <rsb b
mod eloftompetitioNnisore that hasthe property that the equilb rium al
bcatiorsthat it desrbesdio rot ( isppear whenraw , more comp Kk ated
mecharisnsare ald el to the < Ibrs Fash b sts.

De rition? (StrorgRob ustress Anequilbrium (j;€%;1) issail to
be grorgly rob ug IFBr ary exersgon(j!; €;%!) Br which j! iscompact
metric, (j!;€;%%;0 2] isanequilbrium, where ® [+] isthe rariom ization
onj! inue by+arl ®.
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Strorgly rob gt equibbria are arabzel INE pdeinan Peters[4]. As
show Nninthe examp k above, equibria iNnmerusare rot srorgl/ robust _ IF
merushave ( egrab B propertiesat a Bthey mug be weaker thanthillrob ugt-
res

De ritonN3 (WeakRob ugress Anequilbrium (j;€%;1) issail to be
w eaklly rob ugt iFBr every compact metrc j1 <<j there exddsanexerson
il;e%l) arh that (j1;€;%0 [+]) isanequilbrium, where ® [£] is the
rarnom zationonj ! inMuel by+ ari ® .

T hiskal to our scory resulkk

T heorem 4 Inthe commornagnyprob bm witha Srgk agr, bt (j % G %525
be anequilbrium . Then(j % &% £%) isweakly robus -

To se the i ea behira the prooEit might heb to corsl er the ca w here
there isorly a 9rgk mecharisn deggrer. For ary arb itrary mecharisn
“that this< Ikr o®ersfom j,the mag <) isthe meru’ ofakerrative
actiorsthat the buwer carxhoos fom .Typrallytherew illbe ore (or more)
mecharisns < iNj that o®er the buyer the s me meru ofakerrativesas
=2i%°-Tyralythez w illyel the <= Ir ad Rerert payo® thanthe payo®
he getsfom <“_T he rea@nbr thisisthat the cortinationequilb rium w il
in we the buwer to £ (| Berert messagesan take | Rerert actiorsthan
he d oesw henhe es <" _T hisisprec i lyw hy the < Ier might ke the hrger
<t ofmecharisns. ¥ et 9rie the meru ofactbrsari eRortsavaihb B to
the bwyer isthe ssime whenhe iso®erel < asit iswhenhe Iso®ered =,
the ma>amum payo® that he canattain®om both mecharisnsmud be the
sime. T hismearsthat a rew cortirnationequilb rium canbe cordgru ted
by havirg the buyer choo fom the meru” asoc |mted w ith < inexactly
the same way ashe i oesw henhe choosesfom the meru <°_ T heny inthis
rew cortirationequilbriun, the < Br mugt gt the sime payo® w henhe
o®ers < ashe d oesw henhe o®ers <. W ith thiscorgrution every payo®
that the = Ibr canattaininj coinit esw ith a payo® that he coul have
attaired iNnj”. k Tbvsimmed mtely that w hatever wasoptmal Br the
< Er rehtive to {“ willthenbe optmalrehtive to j - The proofamply
externi sthisrearirgto the ca w here there are mary < Ikrs.
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5 ConbLs=on

Inthe cae w here mary prinpalktry to cortrolthe inertivesofa argk
acert, the competitibnamorg them canbe eRectively mod el by havirg
them o®er a kerrative merusto ageris. T hismod ellw illbe eRective” INtw o
ways.Fird,equilb ria fom arb trarycompetitive mod elscanb e represriel
asequilbria rebtive to (@ sb <t o) the <t ofmerus. Seconi I, equib ria
rehtive to the =t ofalmerusare weakly robud - So, equibra iINnmerus
reel rot EWapart whenthe st ofmecharisnsisexteriel -

Desite the #ct that commonageny isrow a commorway ofmod e lirg
inertive prob Bms anobvous sortcom irg ofthe aral/gas inthis paper
demsfom the #ct that there isorly a argk ageri. U nbrturately, the
method spresriel here d o rot suged ary extersgonto the mulkip kB acert
ca.- t venifthere isorly a Srgk prinpal meruso®er Ettk al vartace
w ith mulip B agenis becaus the chore fom the meru isa “pirt™ chore
(ofalthe agertg rot anini vl tallchore. A key part ofthe argumert in
T heorem 1 relesonthe #ct that w hena argk agern fresthe sime chore
<t oRerel INtwo ¢ Perert ways hisoptimalchore fom it w iBabaysgwve
him the sime payo® - everw henthischot e variesw ith the w ay the chore st
fo®ered - W henmulip B agerisare o®erel the sme rermal®frm came INn
i Rerert ways it isquite poss B that the equilb rium that they choo= (ari
corequertlyeveryacerispayo®) w illvary-0 rae the prinipalisrequirel to
<n irgrutiorsto the agerisab out how to p hy a game, anin rite regess
emercges- the prinpalsrecommert ationab out how to p hy soul ( eperi
onw hether the other prinpakE recommeri atiorsd epera onw hether the
prinpalsrecommerntationi eperis:zar % on k ispossh Btodealw ith
this(=ze [¢ ] but the appropriate st ofmecharisnsiscomp bx.

6 Appeni ix- ProoBs

We beginw ith @mebas i e ritibrsan rehtbrhps.For arysb st P12

Allere (P :A"! A°srhthat

¢ a Mh2P
a® otherw i

T (PE)-= ®
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hhworls (P) isa Entionthat repori sto ary pind ig<rb ubnN(action
iINPw ith the sme pirt ( idrb ubN(ver actbrsarnn meswages, otherw I
it repori sw ith a° (recalthisisa ( egererate d igrb ubnthat assgsall
prob ab ility w eight to the pair (a;a))-W ith thisuri ergari irg,we w illre’®r
to (P) asa meruofakerrativesfom A°.

Eachmecharisn <5 ari report cprod uesa pirt d igrib utiornover amp kb
actiorsart messagesBr the <Bbr. £ ach mesage that the b wer receives
in uessme poderor belefind (A) abou the amp k actionthat the < Ibr
hasuri ertakeL T huseach report that the b uyer makesto the < Ibr intues
a pue actioNninA™ ~ 4 (A£4 (A)- With a sidt abus oFrotation
ie re the st ofactbrs(iNAX) that the buyer canin ue by £ irg®me
messice to the = Bras5(C ) Y2A.Recallthat this<st isc bsi INA" by
assmpton

T he b wyer chooeshise®ort afer ob rvirgthe messige asc rtel w ith
the actiona® 2 A°. Tocether, the = Brs drateges+, the cortinaton
grateges(€#)ar thebwer'stype ! iMuea pirtd igrb uiorover (A" £
E.

De rition5For aryD %" sxhthat the (D) > 0 de re b(!;D) to
be the joirt d igrbutionoN(AY)" £E inuel by the equilbrium (j; €%+
cont itibralonthe s Ibrs mec harisn sheirg! raw nffom the bt D 12" 1°
W rite b7 (1 ;D) asthe margrald igrbutiono® onthe gace oFactiors

A~ -

Write (@;qQ)asatypralebmert ofAL£4 (A) -Sine the b wer'spogerior
beleBarede ral bhebre he isbrcel to choos are®ort, the uility asoc iatel
w ith ary partt ubr array ofactiorsa® 2 (A" isgvenby

y@s1h) ~
z zC  x X )
GkE max  GRE W3 timan;e; 1) o (@) tiioh (@) dar(@son) s1dag @n;oh)
al an
W ith thisrotationy the buyer'spayo® Nary cortirnationequilb rium
canbe writtenas
U; (S€h;1)=

15T he fect that this distributian dgpends an €5% and + is suppressed 1o esse notatian -
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z Z
G U@ sttanse;)im e, (1;9=

z Z
@t fy@: ;NI (1;9=
N (@]
max y(@p; :::a;;1) a2 F5C)8§= 1::m (©)]

The r< equa ity Tbw sfom the fct that every e®ort Bvelthat the buyer
takesw ith pogtive probab ility mugt maxam ze hisirterim payo® _The ral
equa ity Dbw s fom the et that b iIsthe ( idrb ubNasHc iated w ith a
cortinationequilb rium v irg <. T he ue ofmax irdeal o3 p INnthe
“raloperatibnresuksfom the asamptionthat a cortirnationequilb rium

alaysexads.

61 ProofofT heorem 1

ProoETobedgnthemap A isiesrbed ,an the grategiesthat < Brsari
the b uyer u= iNthe cortimnatonequilbb rium rebtive to the rew ace oF
mecharisnsare d esribed .De re the trarsbrmationA ; fom j irto j“as

AiiSE @@= (S5CNE

T histrarsbrmationgmp b corvertsa mecharisn < irto the meruofa ker-
rativesinA” that it provil es. Let t5be the measure inuel byt;oni“by
thismap -

AJ—W ilcererallybe a maryto ore mappirgw ith irver= correporiene
Ai! (¢.Choos anarb itrary ® BctionA i (¢ Fom thiscorrespord erne For
arycolcton®T:::59%i" de re the sts

8 3 - = -
B-3c? = = Ajl3cjl'\s'ppij mjl c}' \Sppijﬁ; (6)
> - 'E‘L}l 5 otherw i

We canrow sec iy the cortinatonequilb rium rebtive to j°- Begn
with the cae where < 2 A (j)" - By the de ritiono®j >, T he buyer mug
choo ad itrbutpnover actiorsfom each = Ibr that kesina ¢ b=l b st
oFA°, aswelasane®ort fom a rite st . Sine the bwer'spayo®sare
Brear Oy expectel wility) with regpect to the ¢ idrb ubnNofactiorsthat
< Brschoos, they are coniinous. k Hbw sthat a bed choke-actibnpair
fom each meruexags®r thebwyer. So it w illalb ayshe possb B to assgn
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@me cortinationequilb rium to the array ofmecharisn s. Sine arrays ke
thisw illp hy ro rok inw hat v 5 the cortinatonequilbrium canbe
asagel INarycorverert Eshon

0 nthe other hart = FF5::: g 2A () de re

EW; D= B (D) 1B (D) )

where B (1; 181 ();:::B, (99) d ervtes the margiralld igrb uionon
A" inue byb( ;M1 (P); 2B, (DY)-

Tode rethebuer'seRort chore, Bt a®= faT; :zzajgd erote the bwyer’s
actualchoie fom the meruo®erel hyeach =Br,ari Btq24 (A" be the
array ofmessagesthat the b uyer receives. Note that the b uyer'spogerior
belel (afer seirg the <Brs mesmcey ab k in4 (A" . The buwer
choosshise®ort Bvelaccon irgto

BEQ ) = bR B L (D); 2B (TDIRT ) ©)

where BE(V; B 1 () 2B, (DGR Q) isthe § igtrb uionofedort in u el
byb(¥; 1 (F); 2B (5)9) coni itbrallonthe < Brs actobrsh eirggven
by a®ar the bwer'spogerior heleBbeirggvenbyq.

The rext gep isto show that thisgrategy corgitutesa cortirnaton
equibbrium, ari that the buer'spayo® w henhe Hibw sthiscortination
drategy inthe trarsbrmed prob Bm isthe sime ashispayo® inthe origral
prob Bm _To begncord er the payo® that the b uyer receivesinthe cortin
watonequilb riun rehbtive to (75; G; %) ater choogrgthe array a® fom the
varous< Brsmerus ani recevirgthe array ofmessigesq fom the = kbrs.
From (8), thisisgvenby

z( % )

&KC U@ zzanse; g @) g @) (BEQ; B (D) 2B (RS 0)

al an

®
Cordl er ary actionaj inthe meruo®erel by =r j- By corgrution
each srh actionmug coinite with a pirt ( krbuwioNnofanpk actors
arn pogerior belleBthat the buwer canin ue (by < Irgappropriate mes
SIS to the = Br inthe continationequikb rium rebtive to (55; < 5 €%)
Brary 5285 5 - k Thwsthat ary mesag g; that the buyer coul
receive w henhe =kctsaj fom <Br J5 merumug be equalto the cor-
rect pogserior Br a coni itioralonthat messce - T henfom the properties
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ofthe coninatioNnequibriun (&%) every e®ort Bvel inthe spport oF
BEC ;B (D) 2Bh (IR mut maxinize the huyer'sexpectel pay
o® cort itbrallonthe pogeror helefg.Thus(©) canbe smp K el to
X X
max &L U@ ttane; g (@) iiign @n)

ai an

T henthe exarte payo® asc imtel w ith the chore a” iIspd

z z( X X )
kL max &K (@) stmanse; ) g @) gy (@) daj @) zday @nith)
=y@5h)

T he b uyer = kctsaccont irgto thed igrb uiord®” (1 ;8B 1 () ;:::B, (9)9) -
So thisgrategy yel sthe payo®
z

y@%DIA ;B (D) 2B, (Do)

= Eoem Y@ DI (7T ::50) Gyie riton)
n = O
= Egmax y@r;ian!) a5 2 [ (€5 ¢8)= 1::in (fom (9)

@ _ o
= max y(@; 2, !) :af 2 [0M(65,98)= 1 :in
= -
(ecaum ofthe it that [ bY(¢<; Fisthe sme Srall52B; <5 ). Sine
the chore stsinthis kg expressonare the oreso®erel INthe merusas
¢ iated with the mecharisn sin <=, this bre veri esthat the cortination
drategy eci el Br the buersisa continationequibrium - Firally ap-

p bhirg (5 one againgivesthispayo® eque Ito
= U; (5€xT)

w hich egab Edesthe r< property inthe theorem .
Firaly, it remairsto show that

Vioh (93455 GHY = V, (Gt 64)

Bral523pp;-
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Forary <5.<5; = -
Lt I
zz
v(@ zmap;e)db(; B, (9); 1B, (c")g)dF(')
ZZ 3 =3

= E 28 (= V@ szane)ime 1 %S5 (F Q@)
Inegatirgthisudrg the ¢ isrib ution:? ; gives
'Q(cj’—?_r S45)
ZWZ Z = = . %
) V@ szane)dm e 1 S5 (F () dig;

= E 28 —(C'E)Vi(cj');iij;%)
= -
5= A (5 Brsme 5 2sapp £, therbythede ritbrneach c928 5
lsane Emert ofthe s pport of+J_S|rue t: isanequilb rium d Etri) LIDrTﬁI’
< Er j, every Cj’ iNit'sspport (jvesthe sime payo® . T husthe inegan
iNthis k4 expressoniscorgart art equa Ito

Vi (Gitiz €%)

asrequire] - = -
Alernativel ifA 11 5 = ®2spp; then
Eoon ()i (Bt €)= Vi (Bt 4) -V, (gt 5 %)

w hich provesthe theorem &

62 P roofoftheorem 4

ProoE Let (j;€%) be anextersgonof(j~ &%) with embed ¢ irg gven
by ® _ T he method ofthe proofisto corvert d eviatorsthat ke oudi e oF
the rarge of® rto the merusthat they d o provi e, ari thencharge the
cortinationequilb riun assc \Rtel w ith thoe merusto coind e w ith the
origralequilb rium _

U = the trarsBrmationA fom T heorem 1 to as®c ite w ith each mech-
arisn 5 2 j the corresporiirg meru (¢ = (5C))(F- Now Bt
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D(3;:::%) 24 (A £E) be the <t ofpirt d igribubrsover Smp b ac-
torsan eRortsthat canbe imMuel with ssme  Krb upoNofmes\EsS
arn Lme e®ort chore grategy, aventhe mechariens¥73;:::g- Hthe
b uyer Mo®erel anarray ofmecharisns¥7; -2 g INnthe cortinat bNequr
briun rehtive to j, he caninue ary array ofactorsfa,; :::a,g inthe
et SC)ELE:ESC) ™ T(ELE T (FY2(A) by =i irgappropriate
messaigesto the = brs. it Tbw sthat D(F;:::9) = D(T5 2229 - Sine
(G %" 1sa cortinatonequilb rium rebtive to j °,m @y=(1; 5 222 ) max
meesthe expectel Uilityover D(T; 2z ) ofabwer oftype ! _ ikt Tbw s
mmel ately that thisd ikrb uubnNma>am zesthe bwer ! 'sexpectel wil
ity over the @t D(F;:::) - Choo= ary continationgrategy € an %~
rehtive to j that sitises

Mewe(1; 92229 =M e (A ()24 ()

(thisgtrategyexigshythed e ritioro®D) . Sine D(3;:::%) = DA (2);:::A (%))
thiscortinatobnNgrategy mug be a cortirnatonequilb rium

Now we bhegnw ith anequibrium (& 2+ )rehtive to j° w ith ® [£7]
asthe muel didrbuonrehtive to j - The payo® to @me = Br who
urihtera B/d eviatesto a mecharisn outsl e o [j “Jw hik a Hother < lkrs
o®er mecharisns < ; inthe spport o™ isgvenby

zz Z
&KL v (ag ziman;e)im exs (L (S S )F ()
zz Z ) )
= &kt v(ag zimane)im ey (VA (DA GIIFE @) -

Vi G i GUY =
Vi @ [£3]:0 [£; 51; €%5)
w hich mp Eesthat the equibrium (j 5+ G %) isweakl/ robud _H
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