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1 Intoductian

Caoperative behaiaur oiten enagss atagaup, ratherthen sodal el In
many instanass we doserve the Tomatian ofindgpendarttand sametime acom:

peting gaups, teams, dubs, coeratines (caltias forshart) eedh ofthemn

paerseauting the same gl (in twm proisian ofcommadities maxamizatian
ofpro. 5 rasing of public TNds standarcs of béhaiauretc). Bampks
of this behaviaur are rumeraus both atmiaoand maao bwel saaiti.cre

seardh gaps, unvarsity departmants, aasumars” sssadatias, .. Ims as aF

geizatias, aasumptian and praduction coperatives, industrial districts,

inematical cmmerdal treatisess anag aauntries are all instanas ool

uTesr agreanants anag indgpendantparties that aaksee todotain asame
gal 0 nee calitias Tom, sadety is parttiaed in a caltaal strucire.

T his facthes alreedy bean doserved and studied in a rumber ohwarks fran

dic erentpants ohvien: amang them [7] [1] [11 ] dealtwith the prdolem of
aalition fomatian o the prosasian of public goods, [8 Jwiith the prdblem

of the Taomatian of coperatives ohwarkers with dic eratworkiing Gpaaty,

[/ [2] [3] [4]deait mare directly wWith the prdblem of calitical structures
Tamatian in mare general settings (see[10 Horan exallaitrevien). Inthese
warks ithes bean stressed thattthe Tormation ofcogperatinggaups is ar ected
by a maral herard prdolem whanever priveale actias ot be manitared;
this et may aatribute 1 determine the extat t whidh cogperatian Gan
be sustained as aselferiorangequi ibrium. T he quoted works shovthat the
axperative agreamanttis selfsustained ifthe aaliion size is underacartan
threshald wWheress itwould notbe incantive compatibk in xger calias;
these andusias are mudh in the spintof[13](see abo[12])

T his wark takes a simi - gppraadh butwith a dicerant strategy. .. 1st
we ..nd a sstof aondiias uder wnidn aogperattian Gan emarce in gaups
thatare subsets ofthe Whole papulatian; then we determine the imits o the
sustainsbi ity ofFaooperative beraiaunarthin coallias and .. nally we study
howv a sadety will Tom a caliiaal stucture. W e gppraadh the prdolem
iN ®\O StEps; .. Istwe examine agaits” badaviaur within eedh of the pcssi-
bk caltias an fam ad we inesticgate the kind of equilibria that we
an epact b anage aaltias 'en as gwven: we showv that the equilib
ra of the infracalitaal interactian dgpad an individual daracieristics
(autsice gppartunities) ofegats, retums o scake ofthe aa Ebke ted1olony
o the ttarsiomatian of coperatinve e arts in autput and the distributive
ruk goveming the allocation of the dotained autput 0 nee we knovw how
pepk bdae in a calitian, we proossad badanard and study what kind of
axalitical studurss an Tom in sudh awvway thatkt no ae hes an incate
1O deviaie fran. In this stege we dall see that the equi ibrium caalitiaal
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structures dgpend an the irstituticnal setiings ruling the degree of sadal
mabi ity within pcpulation. W e eamine tho extrane instttutical avange
ments in the ... 1Istwe assume there 1o be perfect mdoi ity and Gpadty
dence aaltias whk in the other; we assume an extiranely imited mo
biity due 1o the Bt that even a singke \eto an Tabid the Tormation ofa
cxalitical studure. A s we shall ssg these tho exttame cesss Willgve e
1O thodir erantsets ofegu ibrium caaltical structures.

In aursetting agats Gan engece in pre play nanbinding conmunicatiaon
amag themsebes (s==[8). By this they Gan agree an pareto dominating
selfeniordngequ ibriain any caasian aselbction prdolam is aancemaed with.
H anever; justhbecause sud pre phy taks are unbinding noae Gan betarad
1o perfam adias notaaompatible with individual incentives and foream
pk aoperate when oy gap raticalty wauld Gl Torit T harelae we
adgptamixed gppraadh in Whidh we suppcse agants Gan deal eedh otherand
arstrantthamsahes in abindingmanner; buttin TUll respectofthe individ
ual fresdon NN 1o partidpate in any agreanattwhidh provides individual
(and caltiaal as well) inaantives todeviate fran. T his gppraadh is notnew
in the erature and we el o the exiarsive wark off9 Jand [10 o frther
rcbace

T he wak is dearly imited by some strag assumptias thatwe make;
amagtham

=2the ctthacall individuak are idattical
2the Bctthat the distribution ukis . >a&d

=2the Bt thatwe do noteanire intermediate institutianal sstlings, in
whidh sodal mdoi ity may be justpartially inhibrted.

A throughautwork shauld get rd ofthese assumptias; honever; in this
wark we kegp them as smplifing devicss in adaer o canty autan analysis
bk oFmanegeebe resullts. Sectian 2 desaribes the besic daracieristics
of the econamy; Sedtian 3 ..nds wnatwi ll be the eguiibrium selfenfordng
autcones within any passibke aaliian; Sectian 4 analyzes the equi ibrium
autcomes of the aalitical stuciure fomatian proasss under the o dF
Eatinstiutioal sstiings mattiaed sbose; .. nally Sectian 5 examines ad
ampares the properties of the tho dis erarit kinds ofequ ibrium coaliianal
structures. Cadlsias dose the pgperwith saome ingdtinto furthernarkk



2 D esanptian oftte maockEl

T hareis apapulation =ofl agats indexed by i; they are supposad identical
in all daraderistics and endoned with ae uiit of ime and ae ut of
aphysial gpital Cepral is used with Hoaur 1o produce a aansumptian
anmadtyY by means ofa publidy and freely aa Bbke tednology. T here
are no allemative usss Torgpirtal

A gs an produce the aonmadity Y ather in isolatian ar within a
gap. ItEkes plkece in agap wen egaits in asuoset S L= pool ttar
pital units; then agants indgpendantly dadcde the amaunit of thar onn
time o sped an producian. T he aattributiaon of the pirtall endonmattis
aneeEsssay ad sud datt aandiian o hae the ngit o reswe a share of
the praducsd autput

6 ivenaacaiton S forthe praducian and distribution ofthe conmaodi'ty
Y, BX s daoketecadnality of S. A caltonSisprgerif? - X s - 1 ;
X s= 1, Sisasingetn. A acaltaal strucue is a partitian of = irno
subsets adisdaoled by ¥ = 15,5155, 105 S0 wereJ 2N, iste
rnumber oFnanempty gapes in the calltaal structure ¥ . A ny coalitiaal
smg]ure mustsatisfy the Tolloning properties:

F15= =
8h:D.h63S\G= ; S:52%.
L et§ be the sstofall passibEe acaalitical strudures in =

21 Indvdual dexaectensticss

L etl; denote the anauntoftime thattaganti spends an productian, ;2 [0;1].
Ifan agentdhocsess 1o partidpate into a caltian S he must.. iIstantribute
his oan pirtal endonment; then he hes 1O dadde the anaunt of time |
10 dedicate o productian; hence (1§ ) is the Hsure time. T he mae he
soancks his ime an praducian, the mare the ol autputinaessss; butae
unitof Bsure gves him an utiity of ! L. A n agatcan alnays dadde notto
partidpate in a calita; in sudh a ee he kegos his pital endonment o
praduce in authaexdy.

A oats” utility dgpaexds an asumptian of aanmaodity and an Bsure
Farsmplidty purpasss, the uti ity Tindian is assumed tobe inearin allits
agumats ad tEkes the Tam

Ui=vit Cilpha
wherey; is the quantity agant i recaives ofammadity Y .
1Sinae agants are suppasad identical the autsice qppartunity will notbe indexed by .
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A N agatspending his time an production will be callied a acogperator; a
celeCcor athertwise. A gaits Gan doose o aatribute even a frection ofthar
wakingpadty ie 0 - I - 1, butthey ae notalbnsd © ply mi>ed
stalsges.

Finally we assume that, Wheress individual Gpital aontributias Gan be
publidly doserned |; is avariabe knonn anly toagat i and annotbe directly
manitored by anyae ek

211 Tedyologcal daeractenstics

T he tTednology asd Bbke Tor the praducian of Y Gan be represatied by a
praductian Tnction F (K;L), were K is the pital stodk aad L is the
anauntof Boaur; dearly inawy calitian 0 - L - K since noaewlil
antribute his oan wakiing ee art in a aalitian in whidh he hes no ngit
1O reE\e the producd autput W e assume F (5 ) to satisty the Tolloning
propertes.

A >xdam 1 T he praduction Tncion F (K; L) is such et
1. F(K;L)= Adninfk®;L%g
2.2d1 > A> 1
3.0>0

| otice thath xan 1 togetterwih (0 - L - K yied o F (K;L) =
AC® . T heparticularom ofthe produdtion Tnctianis asimpifing devics
alloning Torretunms toscake 1o Bbaurinariantio the amauntofthe warking
& artputinto the productian procsss; the magiitude of the retums o sake
dgpaes an theale of® . T he Bt that the sk parameter A is geater
then the autside gopartunity senves anly 1o induce the performiing of the
warking e artwwhen an eagaitacts albre iieEte ecttthat) dt > A seres
ed .dethatacomperation may arise in prapercalitias Torressa s thatare
not juststrategc. 1tis warth notiang thatthe production within a coalitian
ofsize K hes no extermal e ect an the producian of other caliias (see
[107).

2.12 D istributive dexvatenstics
0 nethetoalautputy isproducsdinagven aaltion by tevwakinger ats

ofF same of its mambars, itis then redistributad within the same aaliton.
T hedistributian ofY  is govamaed by an equal shexring rukeR  thatwe assume
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10 be the sare in all calitias; in otherwads all menmbers of a aalitan
that antributed tha r spital endonmants have the nHgt 1o recae an same
share ofthe total autputY , indgpendantly of the respective aontributian in
tams ohwoking e at T his assumptian is motivated by the Bt that, |5
baing undosernebke ad the Gpital assets having equal valles, there are no
mears 1o dsaiminate anag the partidpants o acalition.
Tobemae predse an the Tam ofR , Ee agraricaaltion S ofcard-
naliyxsaﬁswihatYSisiteidalthpraigngﬁQSbymeem

oftewakingeat dfitmerbers ie Y 5= A¢ I ;tenforal
1I2Swehae A¢3P |,®
ysS sl
y"is: Ri(Y): X—: X
S S

where R () daotes the qatity that the distributive ke R allocatiss ©
agti Invieworthis, the payor tOan gt fran acalition Swhid he
partidpated intois gven by

AC

®
esh

Xs

Itis dear et axe the belcfcncperaﬁmpjzslj is gven, deleciars are
alhays betier @  then coperators in any caltiaon. H onever the essaxae of
the sodal gane we are gang o eamire in te ..1st part of the pgperis
whetheritis warth anot. from the individual pantoiview oinaeese the
el ofcoperation aasidering thatthe workinger artae ects the aaliiaal
autputad that this returrs as a bae. t1o the subject via the distributine
rukE but atthe sane time this reducs BHsure

(D) =

+Qiha

3 Indvadual deasias ad egulibria within
aalitias

B efae dealingwith the prdolen ofihavwasadety wi ll structue itselfin acalk-
tas weeanine hawpep ke bdaewrthin any pcssibe coalitan andwhidh
kind ofequi ibriawe Gan eqectinit W e are bddng Torselfenfording eour-
ibrig i.e egulibianoae hes an incative to deviate fram. T he strategy
we Tl 1O proe the exdstence of sudh kind ofFequi ibria is the olloning
..1stwe proe the edstaxae ofil ash equilibna (| E), i.e equilibria rdoust o
uni Beral deviatias, in the game Bkding plae within acalition S of X s
agts when they are to dadce the el oftha rtime to dedicaie o praduc
o gven that they have akleedy conmittied © S. T hereafterwe dadk Tor
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individLal raticality ofl Es; this is avery impartant step sinee agats willl
alnays be abk o improe upan individually not ratianal solutias by with
draning fram actual ccalias aeating newanes (rememberthatproductian
in auttexdy is alnays apassibi I).

31 Inentive ampatibke ad indivdially raticall E
wrthin gven acalltias

In adar o pursLe the analysis Etus Ble agrenic aaliion SY2=ad an
apti2 S. Furthamare suppose acanthes anecteqectatias esbautthe
el of cogperatiaon supplied by the atheragats in S and thatthis belwill
notbe ar ected by his onn action. T hen we éan stiate the Tolloning theaam
anceamingedstence ofincantive aampatibkel Esin S; as o the terminokgy
Ul copperatian, partial cogperatian and Ul delection stad Tor Stuatias
invhidh ;= 1,0< < 1lad =0 repectnely 812 S.

P rgpasitian 1 Sygpose e econamy safis.es A ssumptian 1 ad et te
distributive ruER is an egal sharing ruk; ten

in any singeton aaltan, I;= 1 is te dominantstaeyy;

e - 1, partial cogperation is te anyl E in any prgeer acalitan;
e > 1, generalizzd delectian is alnays all E in any proper ccaliian;

ForawX _ 1 tereedst avalel®y < 2, such et full cogoeraion
isal E in any calton wth caddinality yo ©X proudd® _ @y ;if
® < By atbsstthoee aaltas wh cardnalty geaster ten X adnit
0l cefection as te oyl E.

W dpoFE

5. if® > @, ~ " full coparatian is all E in any praoer aaliion.

T he proof of this P rpaaian is rather log ad is pastpaed o the
A ppandix. Substentially itesteblishes thatin apropercaalton ofcadinality
X s thare are @ther ae artholl E dgpading an the retunms toscak ofthe
axalitical productian Tnctiaon.

I anvwe tum o individual raticality ofincaative compatibke !l E, since
individLally not raticnal autcomes will notbe acogoted as equi ibrium aut
ames. R esults are summarized in the lloning kst of remarks, whaere we
alhays assume the econany osatisfyd ssumptian 1 and the distributive ruke
R tObe ofthe equal sharing tpe as INP rpasitian 1.

Remarkl IR - 1, Eaenctndvdally ratiaalin any prgeraaliton.
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Proof Ifreturs tosak are atmostastant the oyl E in any prgper
aalitian is a partial coperatian are in Whidh the warking er art supplied
by any memberofa ccallitan S is

t= '274; €y

i velt oFcooperation is pro. ebkeifitgants eech agantat Esstthe payos
he culd getby himselifactingas asingketon ie. it

Aq:'iqxs%
Xs =
fion which bt
ta o _1: 7))

Substituting from equatian (1) into 2) we getthatthell E, when retunrs to
sak are atmostarstant is indvidually ratianal it

i®_¢\¢1il® i1 I-l® (V\ﬂ®
! 118 (KS® R | Xsg - ; -2;
X & -

where the Estinegualty Ollons fram A ssumptian 12. H ence the partial
axperatian equ ibrium is never individually ratiaal in any aalition with
at bsstthoagris. |

R emarkk2 FRull celection equlibria are never individLally ratianal

P roof T heproofollons immediately from equation (2), sine itan never
besatis.ed rf= 0 axdX s> 0.m

R emark 3 Full ageration | E (provdad itexdss) is indvidLally raticnal
Proof =>hHan P rpaitian 1 we knovthat full coperation Gan enage in
praper coalitias oy ifrietums sak areinaessing ie © > 1. Iten
essl ly be deded thatequatian (2) is alnays satis.. ed Tor for sudh \values of
@ adayXs _ 1.1

Summarizing Tulll coperatian is the anly individually raticalll E, pro
vdaditedsts. T hepaya ae gets in any otherequ ibria (i.e. Tull delection
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and sanetimes partial cogperatian) Gan be improved upan by withdraning
fran the conespading accalitian and produadng in authaexdly as asingieton.

T he substanee ofthe stary stylized in theP ripasitian 1 andR emarks 1, 2
e3issimpk. Ifretums tosakae notinaessing thereis noincantive topcol
Tooether resauress, sinee the allobcation ruke gants anyae nomare then he
&an doby himself Incantive 1o aaakesae edstanly vhen there are inaessing
retums fran aogperatian. 0 nae this anditian is met, aogperatian is essler
O enace in gayss of Imited size (the extant of the maxamal accalitan
pabk of sustaning adperatian degpends pasitively an the strength of the
retums tosaEk). T heteatthatfull cogperatian can be sustained in ccaliians
not greatier then a certain threshold an be explaned in the olloaing way.
Suppcse all agaits in acaltian S ofcadinality X s are cogperating ac il
extatt tarpao is A& 2it. Suppae Turther thak X s is a antinuas
\ariabE; ifan agat autsice the aoalitian bids Toratering and cogperating
INo S eadh of the preedsting X s agats will recEive an inaeese in paya
egal 1o the perpitamargnal productoftenevagait ie @ 1) A C
X 2. T he newaoalitian will aontinue sustaining Tl cocperatian provided
inthe newsetting defectian wi llnotbe mare renarding then cocperatian, i.e.
proidsd @ 1) A i _ 1. I8 < 2, the Efthand sice is a dearessing
Tnaion of the caaliticnal cardinality so that there will be aale of X s
arstituting an upper baund 1O the caarddinality of the caltion that an
Sustain cogperation.

32 Thhevale oFaacaaitan

IntheP rpasitian 1 sectian we shoned that when® > 1, insaome ccalitias
thare can be twopure stratlegesl assh equilibria afull coperationand a il
debction ae. H oneveraseriass ccodination prdolem neverarisss, sincethe
Ul defectian e ibrium will neverbe adhered 1o by aganits Torat sst tho
reesas. .. istofall itis notan individually ratianal equi ibrium (seeR emark
1), sinee agats hae alhays the goportunity 1 kave the caaliian and fom
asingketon gantingmare tothemsebhes (A ratherthen ! ). Secodly, insudh
astatian, there is ahays the passibiity Torasinge ara gaop ofagats
agee a(jant) deviation forming a cogoerating subgaup sudh thatthe
bestreply ofeveryae in the ampkEmatary ccalitian is to cogperate as Well
s inaessing caltiaal ad indvdual weliexe. H exae by alloning Tor
apreply anmunication stegg e aan aanduce that the anly meaningiill
N ash equiibrium, when amultipidty is passibk is the Tulll cooperation ae
thatis both individually ratical and aalitian praof (as de.ned in[5).

T harefore we can say that, gven retunms o sak as goed..ed by the
parameter ®, pegplke w il acogt to cogperate at Ul exiant in all ccaitias
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in wWhidh sudh bdhaviauris incative aompatibe. B y this we aan de.ne the
val e toan agati ofacaltian Swhidh hebelongs 1o inadaertodothis, Et
X's be the cadinality of the greattest coalition thatt can sustein cogperatian
vhen returrs 1o scake are ghven by 82 . T hen we can pose the llloaing

De.nianl Thevale V(S ofaacalton S © an aEiti is te payo
tathe an getin tell E ortataaltan, i.e 8i12S2% 28§

®20:11> Vi(S -4H a
®ijl ; _
®>0°) Vi(9= A &it

In wards the vale tndian V; (S) simply says that all agents reaogize
and agee that mutual cogperatian W ll be the autcome of tha rinteractian
wheneweritis passibke whaere passible mears thattin playing coperatively
no axr natherin agap narin isolatian, will be incantivated © deviate
fran the reeded ageamait 0 ut of these Stwatias, the impassibi ity O
make binding cammitments 1 copearate ampek agats 1o rieaogiize tat
te\al e oftha rpartidpation 1o the coaliian is lonerthen the payo ofthe
surealiematine thatthey have alnays the passibi ity todooe i.e. withdrawv
ad actas singetaos. Farthe sake of aanvattian the valle of the caalitian
in this ase is set 1o 0.

4 Egulibnmun calitiadal stuciures

R egarding the analysis of aaliaal struciure famation we an.ne o te
el @ < 0°. Thermesson Trthis issmpk; ifweallov® _ 07 therew il
be No dissgeamant 1 agree 1o muttal cogpoeratian in the grand coallitian
= Indesd by P rpasitian 1, we know that, when retunms o scake are sub
statial @ > ©7), cogeratian is an egui ibrum autcome in any coalitian,
= induded; then, in the preplby aanmunication stecg agants willl reag
nize the advantages of cogperating tooether since this behaviaur maxamizes
all individual utiity ad is incantive conpatibke ad individually raticnal
T harefore the whole sodety willl structiure ss a sole grand aaaliiian inwhidh
everyae aopaeraies.

T he mcstinteresting badaviaurs can be doserved when retunrs o sak
g\ven with the distributive rule do notallov Tor aggrecatian of the sadety
as awhdke. In this cee there will be aatics anag the aganits abauthowv

2|1n otherwards, X% is the greatiestintegerin the sest X Py - @g.




10 partitian sodety and whnidh coalitiass o partiapate inta A swew llseg
the equi ibrum autcones ofthe caalitiaal structure formatian game degpaed
audally an tre irnstitutical settings ruling the Gpadty of agaits 1o fom
nevw caalitias and disryptalreedy exdsting aes.

H erewe take into acocount o exttame institutical sstiings. 1IN the .. 1Ist
agats are absoltely friee tofom and disryptaoal ians, inadertomaxdmize
indvidual paya . In the seaod individual madoi ity is astranaed by the
\eltoss thatsane egats in aaalitian an Gstagarst the trarskerof (sane
o) the ather membears when this wauld induee a bss in the payo ek of
the omearaes. W e shall analyze the O Gess separaiely.

41 Perfectmdbility

Firstwe examine the e in whidh agants are aampEetely fiee to fom acalk-
tas and ebandm previasly esteblished aes proaded they dotain agan
Torthansehes, indgpencently ohwhathgppas o the athars. A negulibrium
wrthin this instituticnal setting wi ll be a caltical structure with respect
tOwhidh no urther rearmrangematofaalias (1.e. tarskerofpeplke from
acaliton toaother) an twm astadhatageos o the members ofat kest
ae nfewy Tamaed aaliion. In ader 1o make this de.niian ngxas, Et
%% be the payo thatagait i reEves When he belongs 1o a calitian in the
axalticnal structure ¥ ; we say thata acalitical structuire 4 ° is preerred by
aaaktian 2 %° 1o the aalitical stucire % iF4%°> 4% 8i2 S ie ifa
aaltian in¥° existgsudh thatallits members are bettlara thenind. L etus
daoeby P@#) = %°2§ PsP240:4%%> 4%8i2 S the setof aaltianal
structiures thatare prefenad by at kssta aaltion 1o the caliiaal struc
wre. Ifperfectmdoi ity is alloned then a calitical stucdure ¥ an, and
indssd will be dsryod IfP () 6 ; ie ifat bsstanawacalton (and
hence a dic eratccal ical structure) an fom inwhidh alll its members do
tEnapaitive inaenaitin paya . T he disryption ofthe exsting ccaltiaal
structure ¥ takes place indgpendantly ohwhat heppas 1o the other agats
in =S. T hese reamaning agats have Nno cuntemMmove buta reanangamant
amang themsebes; as a aaseguanee ofthis reanangeamaitsane of the ang
inal deviators aould be induaad t© aome badk Torming a dic erant ccali iaal
structiure and soan. W hen this proasss admits nofurthbermowe i.e whena
pasitian is Tound sudh thatno graup ofpepe canimproe upan tharpayoe,
we hae reeded an equilibium. T his leacs 1o the Tdlloning de..niia

De.nttan2 A caltaal stucre %7 2 § is an egu ibrium wth perfect
mdality PN CE) ifP@°) = ;.

In adarto dafy this de. nitian examine the Olloning eampke.
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BEanpk 1 Suyypocsewe hae apgqoultion ofsixagess, i.e == 11;2;34;5, 6.
T he ednolgal ad indvidual peraneters aesuh tetA= 3 @ = 15

ad! = 2. Simpk anputtion shons et
8
3 ifXg=1
_ ifXs=3
i®= 6 ifX s= 4
§0 itX s= 5
ifXs=6

Tae te aaltical stucte % = TR;2;3y; 1 ;59; fagg; cearly P(:) 6
; sine any aaltaal stucue %° ateining a aaltion S wh X o =
' willl ke preerred © % by S itelf 4 bo te aalticnal stucre % =
T1;2;349;15y; fogg @n ke dsiuyped since the aalitional structure 4, ® =
TH;2;349;15600 2 P®); inded in te bstaalitaal stucture [oh
agnt 5 and 6reE\we 4.2 rater ten 3 and henee ey inaesse talr onn
wvelfae. Finally te caltaal stucure )7 = ;2 ;3,4 g; 15,600 anotlke
disryoted by any aalition since no otter gaup an orm atmuttal adventece
ofall it paridpants, so tetitis aPll CE.

\ olethat inthede.nitanofP il CE, agants are aancamed with tharonn
payc: maxmization and are fiee 1o fam any aalitian they wait buthae
noponerin blodkng the Tormation ofa calitical stucture inwhidnaneven
negiigbke gaup gets an inaeese in paya, While all the others sur era boss.
In otherwards the Tomatian and the acogptence of aalitical struciLies is
Subject o gaup aasasus butthere is No\veto poner:

B efae dealing with the main result of this sectian, Etus pce the OF
bning notatiat Ny = | mad X ad@s = | § N &'. In adertoadd
trivialsituatias etus suppae@ s > 0. T henwecan introduce the Blboning
ce.niia
D e.mtian3 A axltical strucire ¥ is concenrated wen itis formed
by eectiyN's + 1 acaltias suchtetd; - X s - X' ; acaltcal stuctre
% is maxdmally aoncerrated wWen itis anentiaed and Ny aaliias
hes e maximal cadinality X'y Whi e te Istae hes cardinality ¢ s

W e an nowstate ad proe the olloning propasiiaon.

P rgpasitian 2 Suygpcse tatte econany salis..esA ssumptianl, @ 2 (1;07]
and te distributian is govermed by an egal sering ruke R . Then all te
maxdmally conceantrated caalitaal struciures are Pl CE for e ccaliiaal
struciures formafion game.
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P roof Hrstwe proe that in equilibrium, all calitiaal structures must
be formed by eactiy 'y + 1 ccaliiars.

1. Ifacekticalstucture’ wereampased by s theni'y + 1 aocalitias,
then therewoud exstat bsstare acalition, say S, with maethen X'
agats; in this e all mambers of S wauld withdrawv fran S sines
sodang they geta hider paya (at ksst A ratter (). T haeloe
any aalitical strudure ¥%° ateining a aaltion S° 72 S sudh tat
X e - X woud be prened ©¥% by & sottaktP@%) 6 ;. This
shons thattin ecpi ibrium there mustbe at sst', + 1 acaliias.

2. Ifacaitical studure’: were aampased by mare then ' + 1 aall-
tas tenatkbssttnwooftem, ssay S ad S, shaud attan ks ten
X's agats. B utthen acaltion S cud om such et LS [ S
and X'y _ X o> minfX g ;X 5 g; all the members of S willl geta pay
a Vi(®) > maxt¥;(S);Vi(S)g. T haete any caltical structure
%°3 SPwaul be preened %, sothatP (%) 6 ;. T his shons thatany
axalitical stucure with more thatl'y + 1 aoalitias an be disiypted
and henae in eqrilibrium, there can be atmost'y + 1 aoalitias.

>Han the aboe pants an equilibium aaltaal structure must be
anatratied. | ovitis immediate to see tatin any Pl CE there caanot
edsta aaltion with a cadinality geater then X'y, since waul itedst a
nevw subaoaliian cud fam disrypting the gven caaliicnal structure ss in
pantl aboe. 0 n the atberhand in aPll CE no o aaliias an hae
fnerthen X'y members sinee in this s the same ressaning as in pdint
2 above aud be goplied. Cambining these s tooether; the statemantof
teP ripaitianis proad. |

A ccoding o the P ripaeitian, there is a multipiaty ofequ ibria eedh of
them aconespading ©© ae passible way of aambiningl agats in g + 1
axlitias, with 'y haing the maximal cardinality X's . H oneverthe stiuc
twre ofall Pl CE is alhays the same (maxdimally concanrated), anly the
identity of the mambers in ccaliias daenge 1N Sectian 5 we shalll use this
Bt to exanine same beasic properties of this kind ofequi ibria

42 V eto poner

H erewe analyze adiz erentirstitutional setiing daradterized by the faecttha
agts are still trying to eplatall goportunities o inaeeese the coaliiaal
autcone butnowvthey are endoned alkowrth a\etoponer; i.e. eedh ofthem
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an suaessiully astan gopasiion 1o the Taomatiaon of ccaliticnal structures
invhidh he gets a lonerpayo . In otherwadks itis as ifagmits, in faming
aalitias sged atracts with the Olloning dase anyae of them will
be abk 1O Eae the aalitian he belongs 1© oy iTthe other members gve
him thar asasus notsweering ay bss. 0 Faourse wWwhen sane agenits
an et an advantege fran the Tomation of a certain aalitiaal struciure
with no other s ering a Ioss (a P areto improsamatt for the sodety as a
whak), then novetoss wi llbe qopcsad; honever; when the payor maxamizing
attempts by somearewillinduee a bss tosoneae ebke the Etleraes Wil
gopce thanr\etoss and will not allov the Tamatian of the new coaliiaal
structiure. W henwe...nd acoalitical structure in whidh any furtheratiempt
10 inasese saneae’s paya enauiers the \eto of saneae ebke then we
have reedhed an e ibrium ; we shall all sudh apasition avetoingaaliiaal
e librium (VCE). A s in the e of Pll CE, ..istwe hae 1o make this
ce.nitian ngxaws. Suppae thatsodety is arranged in acalitical struciure
% ; we say thata accaltical stucire 4° 2 § | %96 4%, is vetoed by someae
ifFthere edsts at bsst an agaTtwvwno sle er a reducian in his payaor passing
flon % ©%° ie 9i 2 =such that!’ < %%. L etW ;%) be the setof
aalitical structureg that are \etoed iTsodety heppears o be structured a8
in%, ie W @)= %°2§Pi2=:%%"< %% . Frally EtP() hae the
same meaning as In Secian 4.1, ie. itis the setof calitical strudures in
whidh a calition culd fom with a net pasitive bere. tiorall its manbers
with respectiowvnnat they getind . T henwe aan pase the Tdlloaning de. niia

D e.rmtian4 A calitaualstucre’, "2 8§ isaVCEIfPE) W %"= ;.

T he interpretation of this de.niian is Impke asider % ad Eke a
cxaltcal stucure in¥% 2 P@¢.°); this means thatin % thare is at bssta
aalitian thatwss notin %= and in whidh all membars geta higer payo .
Sin,e PE) W ¢°) = ; then¥ belohgs ©OW (7)) as well i.e tharewill
be some agatsue ering fram the rearranganantt keeding oY ; ifa\eto poner
is allbbned ad acapted the ltter papk Wil doject O the Tomatian of
% and this calitaal strucure will notfom. W hen vetoes are gopcsad
1O any aalitaal strudure that providss individual and gap incantive to
s omatian, then we hae reeded a pasitian vwnidh no ae wilingly ar
uwilingly moes fran, ie weare in an equilibriun. A sit@an beessily
daded thesetol/ CE aconespands o the setofcoalitical struciures gving
Hse P aeto e dattdstributias ofpaya' s gven the distributive rUER .
A n eamplke an carfy anapts.

BEampk 2 Take agan te sitation desaild in e BanpE 1, were we
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hed 8

3 ifXs=1
_ 52 1fX s= 3
Vi®= _ 6 ifx o=
§0 itX s= 5
-0 iIX s= 6

Tae te acaltaal stucure ¥ = ;2 ;3; 1 ;59; Togg and te calitaal
structe %°= fA;2;349;15,609. Clarly %.° 2 P®%) sine te aaltan
of te ..1st ur agan improves W respct © % ; honewer %° 2 W (%)
sinenoaeiswase @ in%4°wh respect 0 %. T herefore % an ad
willl ke disryoed in Bavour of %.°.  Casicer now te aalitiaal structure
%®= fA;2;3; ;5 60. Itisessy daktat’.°2W ¢D sine agas 5
and 6willsue era bss in¥%: °with respecto % P lutd: ° 2 P (¢ ®) since the aall-
ton of e .. rstiour agaitge an improemant 1N tis cse te aalitaal
structure % ® annot e disrupted

W e novtum o the edstance pradblem and o the desaiptian ofthe dar
acteristics of V CE in terms of aalitias. T he man resultis stated in the
olloning prapasiion.

P rgpasitian 3 Syppcee tatte econamy sais..esA ssumptian1, ® 2 (1;0°)
and te distributian is govermed by an egal sering ruke R . Then all te
ancenraed aaltanal structures are V CE or e aal taal structures 1o
malian game.

P roof Firstwe proe thatin any equi ibrium caaltical stuciure there are
eactiyN'y + 1 caltias.

1. Suppcee there exdsts an equi ibrium caaliiaal strucure % With Bnaer
ten\'y + 1 aoalitias; then at sstae of them, say aaliion S must
passess mare then X'y members so that the \alle of ther aalition
is 0. | avarstruct a calitical structure 4:° dotained by % Simply
repldng S by o ar mare acaltias with cardinality ks then ar
equal X'y, the restofthe aaliticnal strudure remaining the same.
T he new acalitical structuire % would be sudh that%° 2 P ) and
%92 W () sinee the membars of nrew acalitias strictly improe their
stuatias, Whi E the restofthe pqoulatian is uner ected. AHan thiswe
etP®) *W (), i.e % canotbeaV CE.

2. I awv suppae that the equilibrium caalitical structre ¥ posSesses
more then's + 1 aoalitians; suppase firtherthen no ane of them hes
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mare ten X'y membars athervise the same ressoning as in pant1
aboe auld be goplied. T hen arrange them in deaessing aderofcar
dnalty doainingthessquen® S, S5 S0 225 Sege 10w V> 0,
withX s > 12> X, ., | ovieke the caltical stucure 1° do
tined fion ¥ by redistributing the agas in - L) Sp,. 14 5 Oer the
aeltias S;::5S,. . iINsuhavay thatX « - X'y Boraty P2 4°
A ny ofthe newaaalitias ariairs at ksstthe sane number ofagants
a6 in% sothat® _ %% Siand¥%!°> %% frall themembears ofat ksst
aaalitan 2 %°. T his mears that?.°2 P(#%) ad¥%°2W (). A gan
wehaeP@)>*W (%), i.e % anotbeaV CE.

T hus Brwe proed that any V CE must passess eactly Ny + 1 aelk-
tas. | oequilibium coaltanal structure éan passess a aalitian S wth
mare then X's, becase such acalitianal struciure woul be dominated by
e ar in hidh the mambers of S withdrawv o Tom singketon ccaltias.
N o equilibrium coalitical struciure Gan possess a aaltan with s then
T agts because In this a2 thare wauld exdst another coallitan with
mare then X'y agas and the previass reesaning aaul be gpplied. T here
fare eopui ibrium aaaltiaal strudiurgs mustge made Yo of caltias with a
cadinality induded in the interval (¢ ;X' . 0 n the other hand alll acall-
tGoalistructures wighsudh darectenistics are V CE: ingeed tale yhatever
s iy suhthet(s - X s - Vg 82 1N+ 1 and Et
YA = AT cinu  bethe conespanding distributian ofindividual payae s;
anly aaliticnal structures ¥ sudh thaes ™ _ %% will notbe vetoed. B ut
gwen tatV;(S) is maotonially inaessing in the caddinality of S up ©
X', e aditian %™ _ %*" @n be safis.ed aly ifthere is an inaesse
in the rumber of cogperatars in at st a non maxdamal caltian. Sincs
by castrucian, cogeratian is the doserved behaviaur in any aaliian in
%", the abowe result aan be dotained just by an inaesse in the number of
agets Taming paoulatian = wWnidh aatredicals the assumption of a .. >ed
paoultian. T his ecs the praofofthe P rpasitian. B

Itis worth noting that the set of Pl CE is induded in the setofV CE;
in otherwads the passibility of an e ective \eto inaessss the number of
passible selfenfordng ageamants.

5 P rgoerties ofccalttiaal equlibria

In this Section we acompare the equi ibrium autcomes within the institutiaal
setlings eamined inSectias 4.1 and 42.
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5.1 Perlectmdoity calitaal equlibria

>Han P ripasitian 2 we knovthatany Pl CE is dnaradterized by a maxd-
mally concantrated aaaliical structure. FHiist ofalll we proe the olloning

R emarkk4 In any maximally aoncentraed aaaliicnal structure. and hence

in any Pl CE, te aggegae pralcian is geaer then in any otter (not
maximally) conantraied calitaal struciure.

Proof Taeal+ 1-dmemsicalvector, = (15255, 00130 - .5 - 1,
such thatthe ... iIst aalition in¥% hes cardinality |, CIX1®,F‘§t‘esea:nj,z @,
teN'® ; & ortece.ntionof | vehaetat, 1 @ty = 1,

P F
wvhi e the aggrecate procuctian will be Yy, = £®1+1A ',jdxl®%l. In ader

tomadmize Y, with respect O, We hae 1o put the maxdamum numberof
_ieqel 1 (remember ety > 0 and 2% > 0 ad | ; - 1 8)). Beraee

Piﬂ”,,—qxl@ = |, en!l mad Xy = N dves the madimum rumber
of,; tatwe en sstequal © 1, vhike g, = | Ny &, fiom which
o = .4+ 1 9. This conpktes the proof B

T harefore a sodal planerwho wauld maxdamize anly the sadal autput,
indgpendantly ofits distributian, shauld gotforan irstitutianal sstiingwith
periect mdoi ity since he is sure that the egul ibrnum aaalition strudiuee is
maxamally concarntrated and hance the aggrecaie autputis maxdmized.

5.2 Vetarngaaaitiadal equlibria

W henV CE are ancamed both maxamally and noemaxamally concanrated
axalitical structures may be the equi ibrium autcome of sogal interactian;
honever some praperties dnavacterizes this kind ofeguilibrias Thenwe aan
stae?

R emark5 T he tolal eqeced egu ibrium autcome in a sadal setling der-
acerizd by a \etdng poner is not geaer ten te tlal autput doainebke
in e cee ofprectmda ity i e

E(Yy) - Yy= %°PNl CE and¥% VCE

Prook T he proofofthe statemaitis smpke by R enarkk4 we knov that
total autputis maxamized in maxamally concantraied aoaliianal structLires;
thareiae the ol autputdotainebE in aV CE is cartainly akmaostas mudn

3 e assume thatprdoebi ity of at kssta notmaximally aoncarrated V CE is pasitive.
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as thatin aPll CE. I'tollons that the aarage tolal autputoer the V CE
setis notgeater then the autputdotainebke inaPll CE. R

T he next result aoncarrs the distribution of payars within aV CE. L et
Y* = ;225 % g be the distributian of payor s in a calitical structre ¥
ad Bt = mirk”. ) %{)ceihatin any maximally ancntrated acelitiaal
stuctre &% = A ¢'¢, T cll this vele #°. T hen we an stae the
lboning*:

R emark 6T he eqpacted paye  of e aganitin te warstposiion inaV CE
is at bestas mudh as te epaced payar of te sane agaitin aPil CE ie

E@) _ W %Pl CEad¥% VCE

Prook Fistwe shovthat the egaitin thewarstpasitian in aV CE thatis
notmaximally concantrated, gets ahigerpaya thatan agaitin the same
pasition gets in amaxdmally anaentrated aalitical studure ie 1 > 7
Torany gven noemaximally conaantrated’: . Clearly the agaowth thewarst
paya inamaximally aoncantrated caaliian belongs 1o the residual coaliian
ofcadinality (s . 4 nother ccalitianal stiucture thaet grants 1o the agetin
the wast pasitian the same paya must be again maxdmally aoncantrated,

becLee there is no atherway of arranging the remaining | j ¢ ages in
'y coalitias preserving individual incatives 1o cooperatian, i.e. remaining
wrthin the equi ibrium set T harelore a rearranganatt ofagants not lkeeding
10 a maxdmally aoncantrated coalitical structure must gant the wast o

agptapays gedlerthen”¥”. Fram this itolons thatthe expected payo

oftrevworsta agatinaV CE musthbe higherthen the payor thesameagait
cubd getinaPll CE sine in the Atier a2 all aalitical strudures are
maxamally concarrated. B

>Han the Ranarks 5 and 6we hae thatV CE hae bner eqected
agpecaie adtput then Pl CE dg butpresenve e wast e agatsinee his
eqpeaected pay isgeaierinaV CE tteninaPll CE. Aon thisitiollons abko
that an egalitanian sodal plbnner may preler (and indue) an irstitutiaal
setiing gving rise 1oV CE (by alloning \eto poner) rather then a perfect
madoi ity istituticalsetting Sq Treanpk ak anlansodalpbrerwaud
crtanly preeraV CE toaPll CE butewen other soaal preferancs are
ampatible with the same dde  Supposs o instanay, that the sodal
plrers velbre Enctionis oftre form W (g 22530, ) = L Fs); then
by the Shanods” theaam, we can assart that there alhays exdsts acaxxae
fnctian £ (%> 0, %< (), such thatV CE are preened Pl CE.

4See the pravias note.
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53 A aggpohicalillstratian

T he Blloning exampke gephically shons the properties regarding the tho
kinos of equilibria Suppase that the econamy is daradierized by \valles
oftre individual (1) ad tedndlagal (A and @) paranetars sudh tat ] <
Xlli < 2, i.e therewi llbeatmastinocoaltias in any equi ibrium coalitaal
structiure. T herefae we éaan riepresant all passibe an. guratias in aplene
as in the Olloning piciure

xo A

T he haizatal axds shons the caardinality of tre .. istccaltian, S, whilke
e vertical axds shons the cardinality of the secod calltan S . The e
Il represats the bas of allocatias of the | agats in the o passibe
axlitias. Bvery pdntin the square X'y £X's conespacs  a calitiaeal
structure in Whidh the caarddinality of the lxgesst aalitian is aampatible with
e incantives t© mutual cogperatian by all its members. Far instence C
(a D) rpresas a partiian of the whole sodety into wno caallias; the
...rstpossessesihemadmalcadnahy)%, whi e the seaod is the residual
aalition. A pantasW rgresats acaalittaal structiure with thoccaliias
of aadiralty X'y in which evaryane coperates; honever sudh apdntis not
ar adebE because there shaud be mare then | agenits.

Thethoanes EoeledY ! andY ! are aggecate isqoroduct aunes  i.e.
any pantan eech of them shons havw many cogperating agants shauld be
in the to caaliias in ader o hae the same anaunt ofaggrecate autput
Since the caliticnal productian Tondian F (5 ) is aanvex ad the sum of
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anexndias is anvex s Well the isgporoductaunes are boned auttfram
te aign. Furtbermare fron the maoinidty of F (5 ), we hae that
Yi> Y.

T he twoaunes Boelled U and U? are the indic erence aurnves ofasadal
plbrerwth anvex preferencs (asiniheces%)d:acnmesodalvelﬁe
ndion ofthe tpe justseen W (g 225 )= L F ), 0> 0, F2< 0);
a5 itis esdlly sem iT the sagal pber preleraas are aanvex enaugh he
waud docse the allocation E, thataan be dotained anly ifthe institutiaal
sstiingis the ae guvngrise toaV CE. ITthe sodal planerwnwould maxdmize
the tolal autput;, the best resultwauld be dotained an the aune Y 4, inter
sedting the setofFessibe calitiaal structures in thepants C and D where
thare is maximal concentratian; any other aaaliicnal structure atherwauld
not get sudh result or cauld Not be compatibe with individual incartives.
In this G2 the desired resulit culd be induced by an institutianal setiing
Eedngaly ©PIl CE, ie pefctmdoility

6 Cadlseas

In this pgperwe hae analyzad the autoomes of a coaliianal structure o
matian procsss anag idattical agats. T he prdblEm ansss whanever there
are inaressing returs in the praduction of the conmadi ty, so thatthere are
incantives o aakesee, butthe exiemal er ectis notsostrag tomake aoger
ation alnays the dominentactiaon. | onrthstanding thattagats an engece
in nanbinding pre ply conmunicatias, the nan doservebi ity ofindividLal
actian induas a maral hezard prdolem, so that pepke Gan engece In o
goeratinve behaiaur anly vhen itis individually raticnal ad selifernfordng.
T he pantwe stiess is that the autcone of the caalliaal struciure fama
tion game degpacs audally on the irstitutianal setiings ruling the econamy.
ITthare is perfect sodal mdoiity pepk eplat all gopatunities © fam
aaltias thatare advantegpas Torsameae and the resulting e ibrium
aaliticalstudure is maxdamally coaatrated inthe sarse thatpepkean
antrate as mudh as passibke in the smallesstriumber of ccaliias aaompatible
with indvidual inaantinves. 0 N the other hand amare aastrained instit
taal setting in whidh even a singe agaitGan Gstan e edlive \etg gves
rse tomare anplex equ ibrium coalitianal structures that Gan be notman
imally concentrated. 1N this we see aprdolem ofet dency ecairstequity, in
the equi ibriawrth perfect mdoi ity the aggrecate autputis maximized, but
thepaya ofthe agaitthatis in theworstpasiian is cartianly bnaerthen the
eqpacted paya of e wast @ agentwhen sodal mdoi ity is aostrained.
T he dxdce of ae taget (ather e daxy orequty) may thareiore induce
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the dace ofan irstttutianal setting mare gpprapriaie o the dotainmentof
the Tamer:

0 neadfthemain imitatias ofthe presanbwarkis thatbwe esssumeidatical
agets; heteraogpa ty may induce Turtherprdolems, sinee inthis eee agats
have abko the gopartunity 1o doose Wwhidn, and notanly hovmarny, agents
o aakse with providad individual daracteristics are aamman knonedce.
In this ee abo the assumptian ofa perfectly ecplitarian distributian wauld
notbe gpopropriate since itsaams unreesaneble thatmare ebke agants acapt
an equal distribution of a praduct whidh they evantually cotribute mare.
T hese is inde=d the agada Tor aur further researdh.
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A A ppaexdx
P roofof P ripasitian 1

T he proof of the .. 1st statemeant is trivial; when an egaitis alkoe his
paya is gven by
dgfg)= A+ L ilpa; KE2[0;1]:

SinceA> 1 byassumptian 1.2, the bestdxace torasingetmis ;= 1.

T he proofofthe rstoﬁteprcpcsiﬁmgelsaraxditqgrqoerﬁesoﬁre
payo fTunction fordic erertvalbes of® . D eoteby |;; = KO -Li-

PSBi

X s i 1)) tre el ofcogperatian supplied by allagats in Sexapti L etus
satwththece® - 1. The payo Tndian, adtaal o the Bctthat
1is akeedy in caltan Switha kel l;; - X s j 1 ofeqiected cogeratiaon
by the otthers, is gven by

S L= 2

Ad LT, pa-
X's
By the ..iIstadaraadton we hae
_ Pil l'l ﬂ%
o Ot L ir=0 ) E- ® dA o ®
Xs 1&g

and by the secod aderaandtian we et

B L)— o q@ i1)¢AC[:Ii+ h.—f”zz

(il = X's _'?
-3®®\ 1;L®b®i2
AC &
3 X’S®_u
1ij®
AC 7
= 4R j1G <0;
Xs

sothatl isindssd amaxdamum. Clearly sudh adxace by agatiis meaningiul
proidd IF _ 0 othernise defection would become the doninant strategy;
this implies .

. Hoan v

T rTds
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3 - 1
sothatthe quentity 22 " is an upper baund 1o the rumber of other
aperatars thatan agentan eaectin ader o (partially) coperate himself:
IFUll cooperatian is o be doserved as an equ ibrium behaviaurby all egants
by the aboe equatian ritmustbe true that
Hoaa it
& s ’

ie

(Xsi1)1i®qxs '®|qA:
InviewolR: ssumptian12 and® - 1, wehael® < ? and theaboeeouatian
aakX s< 2, i.e fill cogeratian an neverbe doservad in aoalitias with
at bssttho agrits ifreturs 1o sak are atmost astat

In any ather symmetric egui ibrium, the copperatian level supplied by
any agatis dotained fram eguatian (3)

H T

1= ° A ildXsil);

X s

wherel is the fraction ofhis onn imeanyane devoles toproductian. SoMing
ritwe gst I T

1
1§i® 2i®
O GATTT s
1 s -

Suppce novthat retums sak areinaessing ie @ > 1. Inthis ase
te. rstaderaditian implies

L @
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so that the solution I idali..es aminimum of the paya fundiaon. B y this
agpts’ daaew ll be etherto copearate (I; = 1) whaeer

T s

;i 1)® i I(?i>

otherwise they will defect
B efore procading we shav tat all il E are synmetric i.e. ather all
agts defect ar aperate (partial actias are ecuded by the previas e
sulp). A aorariq suppoxe thatall E edsts invwnidnthereareC < X g
apeatas ad X s § C debdas; ifthis is an equilibriun, any of the C
aoperaiars . .Nok an incaive o coparake ie forhim
AC® AQ j1)
Xs '  Xs
whi kB orany defecoritholos true that

AdC +1)° Ac®
Xs ' Xs

Canbining the to inequalities ad mullipMngby"—AS we et

i!>0;

i!<0:

C®§C i)’>C+1) ict

thatan neverbeven.ed or® > 1. Itollons thatall equi ibria mustbe
synmmetric atherwith Ul cogperation ardefection.

Firstasiderthe situatian in vhidh everyae defect 1 twill be immune
fron devatias it

A
1>
Xs’
whidh is ahays tiue In vMew of A ssumptian 12, in any prgper ccaliian
X s _2). T his proses pant3d) ofP rpasitian 1.

I extwe shavthat whanewer® _ 2, ullcoperatianisal Einany S,
the gand caalitian induded. Itis su¢ dent o proe this stiatemator the
bnerbad oftre intenal i.e. Tr® = 2 ; ganeralized cogoeratian Gan bea
N Eif

AL A®sil) .
| - =
X's Xs

ieif

2 §— _ —:
>Han A ssumptian 1.2 the ngithand side ofthe aboe ineualty is alnays
bnerthen 1, vhie the Efthand sice is alnays greatier then 1 in any prgper
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calittohadinaessingwthX s. I'tiolions thattthe conditiaon Toraogperatian
issafis.ed TrawyX s.

Fnally we proe tattoray SwWthX s - |, thaeis avale® s sud
tat or® > Rg, Tull mpeaatianis all E in S. In a geneyic ccalian of
cadnalty/ X s Tullcoperatianisall Eif

Ad g iAq(Xsi1)®

l-
Xs Xs =

>Han the previass pant, we knowvthatitis cartainly satis.ed Tor® _ 2 ;
mareoer the Efthaend sice is an inaessing Tuncian of®, sinee
= -
d AKS _ A% siD)®

X X A
e T x s MKsiKsil) diXsiD]> 0

T harefore itwilledstaale ® s sudh that

AR e A®Ksil)ys_ .
Xs Xs T

Cealy orall® > @, ~ 8°< 2 acogeratian will be an equiibrium in any
aalition. T his ampktes the proofofP rpasiian 1.
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