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1.Introduction

Thepresenceofuncertaintyかosesafundamentalproblemfor

economictheory:onwhatbaslsdoesafirmseIectitsproduction

planPProfitmaximiz3tion'ans曽ersthisquestioninnbn・stochastic

e耳vironments,butunderuncertaintyitisnolongerameaningful

criterionoffirm'sbeh3viorsinceprofitsdependonanunknown

stateoftheworldinfutureper量odsaswellasotherfactorscom瓶oηto

thecertaintycase.Especia1ly,inatempo}ary6quilibriumtheorythe

mattersareevenworsebecausenotonlythechoiぐeofproduction

planbutalsothedecisionsQn童nvestmentanditsfinanceshouldbe

made.atthesalnetime.Now,anewtheoryoffirmisurgently

searched .fortotelladecisionmakingprocessamongshareholders

thoughmoststudiessofardoneinatemporeryequilibriumtheory
ω

fQcusona1)ureexchangecase.Earlyapproaches重oatemporary

equilibriummode1withproductionavoidtheproblemofgroupdecision

makingbyassumingaInanagerofthefirmwhotakescareofhis

shareholdersbehavingsoas .tomaximizehisexpectedprgf童tor

expectedu亡ilityofprofit.・Butsuchamanagerisadictatorofthe

fiτminthesenseofArrow(1951)andthisfofmulationhas,obvious

shortcomingswhenstockmarketexists.

The「aimofthepτese且tpaperistwgfold:toderiveagroup

decision『makingrulein.1nultipleownershipthroughdiversified ノ
individualportfoliosandsecond,toStudytheroleOfstockmarket
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inthatprocess.Tobemorepreciもe,Iw量llぐonsiderastockInarket

econQmyinwhicheachfirmisownedbyconsUmers【withdifferent

'foreぐastsaboutfuturestate
softheworldandwillstudyadec量s量qn

makingruleonproduction,investmentandfinanceatshareholders'

卑eetingofthefirmwithoutamanager.Sinごemyprimaryconcern

isinth俘existence
、of・thetemporaryequilibriumwithpreduction,the

derivedruleofgroupdecisionmakingwillhavesuitableproperties

necessaryfortheexistenceproof.

Inthenextsection,Iwlllgiveabriefreviewofliteraturesin

thefieldoffirm'sdecisionlnakingrulesinuncertaintymodelstosee

allpreviousrulesbutoneinfactassu!methesame.Section3derives

myrule(calledaminilnaxrule)stepbystepapdsomeproperties

oftherulearediScussedinsection4..

'

2.ABriefReview

Afewstudieshavebeendoneintheproductiontheoryoftem・

poraryequilibrium,thoughmanyhavetriedtoincorporateuncertainty

inageneralequilibriumframework.Andtheoriesqffinanceand

portfolioselectionalsos草owtheirinterestsintheuncertaintycase.

Hence,thereexistquiteafewworksinadecisionmakingprocess

offirmunderuncertaihtythatmakesmysurvgyfarfromcolnplete.

Beforestartingthesurvey,ietmesummarizeliteraturesinteln・

poraryequilibriummodelvレithproduct玉on(ref6rTable1),AI10f

themassumetheexistence6f血anagerinaf隻rmwhomak6sall

decisiQns.Mostmodelshavetwoperiodhorizon(todayandto皿orrow)

inwhichuncerra量ntyentersonlyinthesecondperiod,exceptStigu皿

(1969a,b,1972)andChettyandDasgupta(1975).』Withrespectto

theoblectiv信offinn,allliteraturesoftwoperiod!nodelareclas・ 』

si .fiedintotvシocategorie昏;oneisthemaxi皿izationofexp6ctedutility

ofthe 、皿anagerwhichisafunctionof皿arketvalue[Radner(1972)

andSondermann(1974)コ,andtheother・isthemaxhnizationofmaket

valueint・hesecondperiQdexpectedbythe皿anager .CDraze(1974b),
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Tablel

ProductionModelsinTemporaryEquilibriuln『Theory

σ,ルfα 珈z如 渉伽 げ 吻 θo擁%媚 砂

Stigum(1969a,b,1972)Manager.nperiodsUtilityofdividends,

. 、inve昌tmentanddebt/

aSSetStrUCtUre.

Radner(1972)Manager2periodSUtilityofprofit

Sonderlnann(1974)Manager2periodsUtility・ofmarket

value

Chettyand・ManagerT`periodsUtilityofsequence

』D
asgupta(ユ975)ofaccumulated

profits'1

δ・1吻伽 伽 御 げ 挽磁 θ'"61%θ

Dr6ze(1974b)Manager2periods

DouglasGale(1976)Manager2periods

.Gevers(1974)Manager.2periodsPercepredlnarket

value

Grandmont-andManager2periods.・
I

Laroque(1974)

Hart(1976)1>1anager2periodsCalculatedmarket

vaIue

{}evers(1974),GrandmontandLaroque(1974)andDouglasGale(1976)ユ

Butthisdifference量s皿ereinappearenceand皿otcrucial,sincethe

(expected)utilityisassumedtobeanincreasingfunctionof皿arket

value。Itisworthytopointoutherethatinthetwoperio(imodel,there

isnofixedcapitalbecausea11firmsareliquidatedinthesecond

per量od(attheendoftimehorizon)andhencethevalueofshares,

thevalueofproduct1onplanandthemarketvaiue6ffirmareall

equivalent.

Inthefollowingsurvey,Iwiliclassifytheliteraturesfromthe

viewpointofgroupdecisionmakingprocess(notonlyfrom.thetem・

poraryequilibrium).First,theexistingtheoτieslaτeclassified玉nto
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severalcategoriesaccord孟ngtothenatureofruleandthenthee・

quivalenceofso皿eofthe皿areproven.

Considerastockmarketecono皿ywithIcQnsum.ers,Jfir皿s

,andLcomlnodities.Thbtilnehorizonisequallyd玉videdintope・

r量ods。Consumersliveforarelativelyshorterperiodsthanfirms

operatefor,Generationsofconsumβrsoverlap.Aproductionac・

t量vityofafirlnrequiresitsownspecifiedfixedcapitalstockKノ(t)

aswellasaflowof1卸uts:thefixedcapitalstock(i.e.,firln'sfa・

cilities)availableforをhet・ 腕periodproductionistheaccu皿ulation

Σ ∠Kノ(τ)ofpastinvestment∠Kゴ(τ)uptothe(t-1)・ 魏periodandぼ
henceisgivenwhentheproductiondecisionoftheperiodisIIlade.

TheflQwinputvectgristheonly.choicevariableforthefirlnat

theselectionofproductionplanofperiodt,giventhecurrentprice

vector.

『Tofinancetheinvestmentonfixedcapiセalstock
,twomethods

areavailableforthefirm:publicofferihgofnewsharesn'(t)and/

orbondissuebノ(t).Allbondsareassulnedone・periodbondsand

theyaresafeasset串inthesensethattheirredu皿p土ionpricesare

knowpwhenthey「aresold.Forsimplicity,alIbondsissuedfro皿

variousfirmsareassumedtohaveacom皿onissuingconditionand

毛ob6indifferenteachother.Hencetheredulnptionpriceisuniquely

andco皿petitivelydeterminedinthebond皿arket.SupPosethata

bondisissuedforrゴ(も)dollaratperiod`tandredeelhedforone

dollarinthefollowing『period(t十1).『Shareholdingmeansthepar・

ticipationonthedecisionmaki血gprocessoffirm,inadditionto

theportfolio皿anage皿entand皿ayresultinloss・sincethereturnon .

share(=dividendpay皿entplusmaketvalue)fluctuatesacbording

tobusinessresultsandtoothermarketfactors.Inthissense,shares

areriskyassets.

Acommonbasicassumptionm凱dethroughout'th董ssectionis

thatthestateoftheworldisdisbreteandthatthenumberofthestate

isS(finite).
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A.Eliininationofuncertainty

Ea]Assumptionofaco1npletesetofcontingencymarketsEDebreu

(1959)anσArrow(1963-64)コ

SupPosetheexpecte母return`φ ゴ(ρ')=ぽdノ(t十1)十`q'(t十1)of

f量rmj=1,2_,Jarelinearlyindependent,』where彦dノ(t+1)isthe

魑
expectedφvidendoffirmjand歪q'(t十1)theexpectedprice

ofthefirm'sshare,bothbasedonconsunleri'sexpectation.

Thenltheexpectedreturnonportfolioofeachinvestoris

completelyinsuredandindependentoffuturestatesoftheWorld.

Underth量shypothesis,afirmcanbehaveasifitwereina

certaintycase,henceaprofitmaxilnizingplancoincideswith

marketvaluemaximizingplan,whichisPareto』opti皿alas

knOWninaStatiCtheOry.、

B.Assumptionstoobtainunanilnousdecisionalnong串h母reholders

[b]Aproducer

Afirlnisregarded.asanindividualwhoproducesoutputs.

[c=lA皿an夙ger[Sando皿o(1971),Leland(1972)and魚ork61isted

inTable1]

Amanagerisassumedineachfirm,whoisadictatorin

thesenseofArrow(1951).Thisassumptioniscalledthe

utilityapproachbヅModiglian量andMiller(1958),whocon・

cludedthatthishastwoadvantagestoe琴p16re`solneofthe

i皿plicat董onsofdifferentarrange皿entsandtogiveso皿emean・

茸hgtothecostofdifferenttypes・offundsbutoneserious

drawbacknot .toexplainhowthemanagerisacertainthe

opinionsofhisshareholders.

[d]Identica1・expectationsandtastesamongshareholders騙the

Iinearrisktoleranceclassofutilityfunctions[Wilso皿(1968)

andRubinstein(1974)] ノ
Asalreadypointedout,oneofthedifficultiesarisingin』un・

certaintymodelsishowtoformulatetheexpectationof℃hefirm

fro皿diversifiedexpectationsofshareholders.〔b]and〔c]escape

、

、
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fro皿thisproble皿asSu皿ingthatonlyo耳eindiv童dualisinvolvedin

,thedecis量on皿akingProcedureandsodoes[d]bytheassu皿ption

ofidenticalcharacteristicsQfshareholdersthoughtheyare皿any

inthenumber.

[e]Takeoverbids[正 【art(1977)]

"Takeover"isanactiondefinedasfoIlows;anindividuaiコ
oragroupofconsumerswhothinktheycan皿anagethefirm

better,canpurchaseallthesharesofthef三r皿attheunifor皿　　
pr正celnor(工ertogaincontro1,changetheprodu6tionplanas

theybelieveIIlaximizesthemarketvalue(=thevalueofshares)

andthenreselltheshares3tthenewmarketprice.

Sotakeoverbidscanperegarded蓬}saspecialcaseof[c]

or[d]sincethedecisionis皿adebyasingleindividualora

group.ofshareholderswithcomlnonopinion.

Itisshownthatthetemporaryequilibriulndefinedby

takeoverbidsis,ingellera1,neitherconstrainedParetooptimal

pornetInarketvaluemaxi血ization[Hart(1977),ExampIes2

and3,pp.66-68)コ.Butitistruethatatemporaryequilibriu皿

oftakeoverbidsisapproximatelyconstrainedParetooptimal

andfirms・doappfoximately皿aximizetheirnet血arketvalues

ifthenulnberofconsumersincreasesinsuchawaythateach

firmbeco皿esrelativelyslnalltothewholeeconomy[Hart'

(1977,Propositi6n5.2・andTheりre皿5.4)].

[f]Multiplicativeriskformulat圭onwithanobjectivetoInaxilnize

theexpected皿arketvalueoffir皿[Diam.ond(1967),Lela'nd

(1974)a鷺dHart(1975)]馳 …

[g]Twoparameterapproachofportfolioselection・withanobjective

tomax玉m量zethemarketvalueofthefirm[Fama(1972),Jensen ②
andLong(1972)andStiglitz(1972)]

(2)Recallthatautilityfunctionca血beexpressedintermsofthemeanand

varianceofportfolio,ei㌻herifthereturnisdisでr卑bu亡ednGrmaUyorifavon

Neumahnand〕Mordensternutilityisquadratic.Inthelattercase,themarg三nal,

.utilitY 、becomesnegativeinsσine、domain.....『 『,,.二
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Spanninghypothesis[Leland(1973),EkernandWllson(1974)l

Ekern(1975),GrossmanandStiglitz(1976)andSatter亡hwa量te

(1977)] ニ
Underthis皐ypothes量s,thedecisionisunanimouslysuμ

portedbyshareholderswithvariousexpectationsand'the

maximizationoffir皿'slnarketvalueleadstoconstrainedPareto

opti皿alallocation.

Satterthwaite(1977)inquiresthenatureofdecisionsfor

whichthehypothesisislikelytohold,conlcudingthatan

incentiveforthesかanningassu皿ptiontobesatisfiedexists

fortheinvestmentwithriskknown、(fbrexample,toincrease

productioncapacity)bu‡notforonewithunknowhrisk(for

exa∬1Ple,tointroducearadicallydifferentproductiontech・

nology). 、

Thedecisionderivedbymaxhnizationoffir皿'slnarketvalue

isParetoopti重 皿al.Forthepotentialadvantageoftheln玖rketvalue

approaches,seeModiglianiandMiller(1958).SinceInyIIlaintask

hereistoshowtheessentialequivalencealnong[aユ,[f]一 〔h],de-

ta量1eddiscussionsaregivenlate「.

・Beforelnovingtothe
.nextcategory,thefo110wingfactattracts

aparticularattention,s1nceitshowsthestrongequivalenceamong

[a],[f]一[h].Whensidepaylnentsarepermittedsothatshareholders

whoare皿adebetteroffbyachangeinfir皿'spolicy,canbribe

thosewhoaremadeworseofftoagreewiththechange,onlya

trivialallocation .inwhlch、oneconsumerρwnsallthbsharescanin

generalqualifyasanequilibriu皿ifthe100%s亡PPortisrelaxedand

r『placedbya、weakerrequire皿ent(forexample,耳Inajoritysdpport),

unlessoneof[a],[f]一[h]holds』[Hart(1977,pp.61-62)]1

[i]Informationasymmetry[Leland(1976)]

Thisapproach,assu皿ingthatanlanagerhasinsideinforma・

tionaboutreturnsollfir皿lsprojectswhichisnotavailableto

9・…a1・h・ ・eh。1der§ ・ ・…1・d・ ・th・t・h・ ・eh・1derr・fg・ 亡h・if
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C.

、[j]

[k]・

man凱gertoobtainthissupサriorinformationandsupport

decisionunanimously.Here,again,onlythemanageris

volvedintheprocessofdecision皿aking.

Non・unanhnous .decisionmakingrules

his

in・

Maxilnizationofthesu皿ofexpectedreturnsovershareholders

[(ミros忘皿anandHart(1976)]

Shareholdersareassu皿edtochooseapolicysoastomax・

imizetheweightedsulnofexpected(utilityof)return,where

theweightsareproportionaltothenulnberslofsharesoffirln

jheldbyconsu1皿eri,andtheexpectationsareshareholders'

subjective(henceununifor皿ed)forecasts.

MinilnaxruleofexpectedIoss

Tochooseadecisionsoastominimizethemaxi撮alex・

pectedoPPortunitylossovershareholders.

Both[j]and[k]arβcontinuouscorrespo耳dencesfro.皿theprice

spacePtothedecisionsetB'underthesa皿esetofassu瓜ptions

madeintheprevioussection.Thereisnoguaranteethat[」 コleads

toconstrainedParetogptimalallocat童on.Them㊧indifference

betweenthesum皿akilnizationrule[1]andtheminimaxruleofex-

pectedloss[k]正iesinthesidepaymentintheformofthetransfer

ofretums.Atthejudgementofpolicies,をhefomler[j]takesthe

sidepaylnentsamongshareholdersihtoconsidrationinsuchaway

thebhosenpolicy皿aximizesexpectedreturnofal1.shareholders

afterthetransfer.Thatis,theselectedpolicyshouldmaximize

thesumofexpectedreturnsweightedbyshareholdingss多even

thou窪hsomeoflnelnberslnightthinkofthepolicyto皿akethereturn

onasharedecrease.Consideraparticularfirmattheshareholders'

meeting.Andconsiderachangein玉tspolicy.Iftheweightedsuln

of・expectedoPPortu道itygaininreturnsispoSitive,thechangeis

adopted,EventhoughthereInaybesomeshareholderswhoexpect

lossintheretUrn,thechangeinthepolic.y童sapprovedwhenever

'the
.strictlybetter.off、 π1e皿bersovercometねe.worseoff皿 臼mbersi.n

「
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thesumofexpectedgain.Itisworthytoremelnberthatthereis

noguaranteeforthepromisedtransfertobecarriedout.

'Ontheotherhand
,thelatter[k],貫everconsiderssuchaside・

payment.So,至nthesa皿esituat董onofshareholders'meeting,1a

changeinpolicyismadeonlywhena猛shareholdersexpectnon・

亘egativegainbythechange.

Bothareθ κ ヵos'rulesinthesensethatthedistributionofshare

amongconsunlersisfixedandgivenatthemomentofdecisiQn

皿aking,otherwiseonlytrivialsolutionsprevail:「.・'

Now,turntotheproofsthat[a],[f]and[g]i1nplicitlyassume

thespanningrule[h].ConSidertwoperiodstandt十10ftheeco-

noエnywithconsu1nerI=1(t-1)UI(t)Jf1r皿sandLco皿 皿odities.

Cofrespondingtothedecisionsonflowinputpurchase,investement

andtheirfinancing(call亡hepolicy)madebythefirlnj,

ρノ(t)=(xノ(t),△K'(t),耳 ゴ(t),bゴ(t))∈Bノ(t),

consu皿er=shareholdericalculatestheexpectedreturnpershare

whichisbqualtothesulnof .expecteddividendofnextperio4plus　 ヤ
exわectedpriceofashare(ま 皿arketvalue)basedonhisownsu卜

jectiveforecastaboutfutureprices,Writethisas

,φ'(ρゴ)==ぎdゴ(t十1)十 ぎqノ(t十1).'

Assumethatゴ φゴ(ρノ)isdifferentiablewithrespecttothepolicyρ 」.

Let

V=[ρ κt)]

W(V)=[`φ ゴ(ρ')]

w`(v)一 ∂縄)

(2L十2)×Jmatrixofpolicies,

SxJ皿atrixofexpectedreturns,

S「×(2L+2)皿atrixoξmarginalprofits.

,

1)⑳ 魏 づo%げsρ απ%伽g[EkernandWilson(1974)]

AInatrixW(V)s加%sthe皿atrixW5(V)ifand6nlyifforevery

(2L十2)dh皿entionalvectorρ,thereexistsaJdiロLentionalvector

9(ρ)suchthat-

(1)Wる(V)ρ=W(V)9(ρ)for窺nyμ

・Anequivalentやropertyto(1)is乙that ・there母xists舞Jx(批+2)
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皿atrixGゴ(V)suchthaも

(2)W者(V)=W(V)Gノ(V)'

andhenceg(ρ)=G6(V)ρ.It童sclearlyobservedfromthedefinition

thatthespanningmeansthechangeinthepolicyρ ノ(t)ofthefirm

doesnotalterthesetofstatedistributionofexpectedreturns,in

otherwords,thatthenewpayoffofshareholdingscanbeexpressed

asaIinearco皿binat童onofexistiぬgpayoffs.Thatis,theyareper-

fectsubstituteswhichinturnilnplies .thesecur孟tylnarketiscom・③

plete.

NowIcanprovethefollowing,

㍑ θ076鋭1(unanimityunderthespanning)

SupPosethatashareholderapProvestheproposedchang曾dメ ソin

thepolicyifandonlyifitisexpectedtoincreasethereturnper

share.'Then,theproposedchangeisunanimouslyapprovedordis・

approved1)yshareholdersunderthespanningassumption.

(pmof)Thebehaviour .hypothes童sofinvestorimpliesthata60n・

sμmeriagreeswiththeproposa1'dρ ノifandonlyif

(3)s多Wl(V)dρ ゴ>0,

whereslisthenumberofsharesoffir皿lheldbyconsumerL

Spanningassumptlonimpliestheexistenceof.Gノ(V)suchthat

W`(V) .(ρノ+dρ ノ)=W(V)Gノ(V)(ρ ノ+dρ ノ)

for(ρ'十dρ ノ)∈Bゴ,Substracting(2),

(4)W`(V)dρ'=W(V)Gノ(V)dρ ノ.

/Substitute(4)into(3), 、 、

0くslW`(V)dρ 』slW(V)Gノ(V)dρ ゴ,
　

whichhasthesamesignfor`alli∈1ゴ(t).ロ ー

銑 θ076初2[Debreu(1959),Arrow(1963-64)]

(3)SeealsoLeland(1973)andGrossmanandStiglitz(1976).

ω1ダ={i∈1【 ・1>0}i・thesetgf・ ・n・umerswh・havep・ ・itive加mb…ffi・m

j'sshares..　 一

!
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Iftkemarketiscomplete(i.・e.,J=S)andif£hematrixW(V)is

offullrank,then・thespanningassurロptionissatisfied、

(proof)鼻ingethelnatrixW(V)isS×Sandof』fullrank,thereexists

aninverseW(V)『1.Defihe

G'(V)=W(V)-1Wl(V),・

then(2)follows.口

「

丁海607θ 祝3[Diamond(1967),Leland(1974)]

Iftheexpectedreturnpershareonthepqlicytakesthesepa・

ratedfor皿ofcert翫inanduncertaintycornponents

疹φノ(ρゴ)=ゴ φ{(ρり+1φ 孟(ρゴ)ゴαノ

whereゴ α∫'sarecollstantscaleparalnetersdependingonthestate

oftheworldthenthespanningassumptionholds.

(proof)Asthebohdisarisklessasset,

ゴr(t)=r(t)foralliandt.

Then』'``『

蝶 の ÷ φ1～樽)・1撃 芝・α・.
==げβ`r(t)一 ト5βゴ 彦φゴ(ρゴ)

w…e・ β・一
、φ`(}り1噸('り 、

・β噛[難 ⊃一〃1(・ ・)]

Theaboveexpressioninlpliesthatthenewexpectedreturnarising

fro皿theproposedchangecanbeexpressedinter皿softheoldex・

pectedreturns,i.e.,thespanningassumptionholds.口

Re]皿ark:Theexistenceofa

inthisandnexttheore皿s,

risk・freeasset(=bond)isnecessary

跣 θ076〃24[JensenandLong(1972),Stiglitz(1972)]

Unani正n}tyamongshareholdersobtainswhenevertheyvalueonly

themeanandvariancesofportfolios.
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(proof)Let.,

M(ρ)=[Mゴ(ρ)]=[Meanof`φ ゴ(ρゴ)]

bethemeanvectorofexpectedreturnsoffirmsand

V(ρ)=[Vゴ ん(ρ ゴ,ρ り]』j,k=1,2,...,J

bethelrvariance・covar至anceIIlatrix,whereVゴ(ρ)isth6j・throw.

Supposeeachconsu卑er'sutilityfunctiontakestheform

u毒[s老M(ρ),s孝V(ρ)sぎ]〔2}・ ・l

Fromtheoptimalityofportfolio,foranyj　
Mゴ(ρ)-2ω ゴYゴ(ρ)s彦=r(t)qノ(t)

whereω 毒>Oisthe皿arginalrateofsubstitutionbetween皿eanreturn

・nd…i・ 孕・ρf。 ・c・n・u皿 ・・i・H・nceth・ ・ee・i・t・ γゴs・ ・hth・t

(・)』1蕩(の 一・・v(・)・

whichilnpliesthespanning.Theproposedchangedρ ゴinpolicyis

apProvedifandonlyif

吋1野 の 一…1多 ⊆0・・〉・

Bysubstittltionof(5)

・H・一・多1鯉 一・岬V(ρ)…

thesignofwhichisindependentofi.口

Tosu皿up,Ihaveshownthatundertheassulnptionofspan・

ning,theunanimousagree皿entisobtainedingrodpdecisionmaking
l

process(Theoren11)andthatmostofstudieswhichgivetheuna・

uimity,d童rectlyorindirectly,assulnethishypothesis(Th60relns2-4).

Butasalreadypointedoutintheabove,thespanningisavery

restrictiveassurnption,actuallymorefestrictivethanitmightlook

ロ 　
sinceitinfactsupposestheexistenceofcolnpletemarketofassets.

Thisisanotherreasonwhythe皿inimaxruleisstudied.

(5)Radner(1974)interpretsthespanningasacompletemarket1nodelof

securitiesinas.tandardArrow・Debreuframework.
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ロ
3

thesection2,

derivation,

mentoffirllljduringperiodt

m6dities,qゴ(t)

berofpublicofferingsinperiodtandbノ(t)∈R

sued.

Then‡heinvestlnentbudgetcorrespondenceoffirmjisgivenby

(6)

TheMinimaxkuleofExpectedOpportunity】 鼠)sses

Thoughashortdescrip宅ionofInystockmarketmodelisgivenin

mρreextensiveexplanationisduebeforeth6startof

Takeapaticularfirlnl.Let△K'(t)∈R孕betheinvest・

,P(t)∈R孕thepricevectorofcom・

∈R÷thesharepriceoffir皿j,nノ(t)∈R÷thenu皿 ・

+thatof'bondis-

LetP={(p(t),q(t),r(t))}∈R孕+ノ+2bethespacebfprices.

B':P→R2L+2,

definedas

Bノ(p(t))={ρ ブ(t)=(xゴ(t),△Kノ(t),n'(t),b'(t))】

P(t){文 ゴ(t)十4Kゴ(t)}≦qゴ(t)nゴ(t)十rゴ(t)bノ(t)}

五 ε窺 勉1α1

Thebudgetcorrespondence(6)ofinvgstlnentiscontinuousfor

(P(t),q(t),r(t))〉(0,…,0)・ ・'『 .

(proof)Fornotationalconvenience,dr◎ptheti皿esubscr重pt.First物

letIneshowtheupperrsemicontinuity.Considerasequence

{(Pり ・q㌔rつ}り 零1・2・…inPandacorresponding5equence{(△Kゴ.,nブ ツ・bヲつ}ン=P2…

ofpolicysuchthat(△Kノ",nゴ ・,bゴ・)∈'Bノ(p・,q',rり)foranyり.Suppose

(p・,q・,r・)convergesto(p,q,r)∈P.Then,thereexists(∠Kゴ,nノ,bゴ)

∈Bノ(p,q,r)suchthat{(ム ゴ",nゴ',bノっ}convergesto(△K',nゴ,b').Hence,

(6)isupPer・semicontinu6us.

Next,toshowthelowersemicontinuity,supposeasequen6e

{(p㌔(1・,rう}.醤1.2,...convergingto(p,q,r)琴nd(△Kゴ,nノ,bノ)∈Bゴ(p,q,r).

Consideraco士respondingsequence{(△Kノ,nゴ,bゴ)}瞬1,2,...suchthat

(△K∫ ・,n∫・,bゴ・)∈Bノ(p㌔qり,rっfora1D.Inordertoshowthatthelimit

ofthesequenceis(△Kj,nゴ,bゴ),takeasubsequence

{(∠Kノ ・',nゴ・',bゴリ')}。 ・=1,2,_of{(△Kゴ リ,nゴリ,bゴ・)}、=1.2._suchthat

P△Kゴ リ'=qnゴ"'+bが.

Thenthepairwiseconvergenceimpliesthesubsequenceconvergesto

(4Kブn/bノ,,)as.(p巴qり',r"')convefgesto(p,q,r).Hence(6)islower.

semicontinugUS.口
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1ntheperiodt,thisfirmjhasagivena皿ountoffixedc3pital

stockKノ(t)'∈R孕andcorrespondingnulnberofsharesNノ(t)which

areresultsofpasthistory:

まロ　

(7)K芝(t)=Σ ∠Kゴ(τ),
τ=0

、 ・

,ノ

ト コ

(8)Nゴ(t)=Σnノ(τ)・ ・'
、τ寓O

TheamountoffixedcapitalstockKゴ(t)decidestheproduction

possibilitysetYノ(t)=Yゴ(Kゴ(t))⊂R2L.Assulne

(A.1)TheproductionpossibilftysetY/isconvexfQranyleve1

6fK'.

Thec㎡rentproductibnplanyノ(t)∈ ,Rムischosenfromthepro・

.duct董onpossibilitysetYゴ(Kゴ(t))soastomaxhnizetheprofit

πゴ(t)=p(t)y'(t)三r(t-1)bノ(t-1)

givenprice馳vector,whichisequivalenttomaxim圭zep(t)yゴ(t)since

f(t-1)andbノ(t」1)areknowninthepreviousperiod.AsbothKノ(t)

andp(t)areg}ven,thereexistsnouncertaintyatthechoiceof・a・

productionplan.Theproductioncorrespondenceis,ther年fore,given

by;

(9)Aノ:PxR乙 一Yゴ

def亘nedas

Aノ(p(t),q(t),r(t);Kノ(t))={yノ ∈Y'(K'(t))lf6ranyy∈Yノ(Kノ ζt)),

P(t)y'≧P(t)y}

Lθ 勉 勉 α2

Theproductioncorrespondence(9)isupper・semicontinuousand

coエnpactvalued.

(proof)Considerasequence{yゴ 』}、=1,2,_inY'convefgingtoyゴ ∈Yゴ.

ThenbythedefinitionofAノ,亀
pyノ リ≧pyノ'foranyyゴ'∈Yゴ.

Thepointwisegonvergenceof{yゴ ・},=1,2,_・toyゴiエnplies』

pyノ ≧pyブ'.

Hence,thecorrespondenceAゴ:P〆RL→Yゴiscompactvaluedsince

'Aゴ(p
,q,r,K')isaclosedsubsetofcolnpactsetYノ.

,

」
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ext,considerasequence{(p・,q・,r・,Kノ っ}、 冨1,2,_inP×R乙a草da

corresponding.sequence{yゴ ・}凹,2,_suchthaty'"∈A'(p,・q,・r,・Kゴ っ

foranyッwith{b,りq,r・,Kノ ・,yノ・}collvergingto(p,q,r,Kノ,yノ).Again,

P'y'レ ≧Pりyj'foranyy垣' ,∈Yゴ ・

Lettingレ →oo,'

'pyノ ≧py',
."

Hence,Aノ(p,q,r,Kノ)hasaclosedgragh,since(p,q,r,Kノ,y)∈thegragh

ofAノ.Now,Y」iscompact,thenAノ:P×Rム →Y/isuppersemicon・

tinuOUS.口

availablelnfonnationhe章aslssum皿arised

vector,thentheindividua1'ssubjectivebelief

thefuturepricevectorsgivenbya皿apPing;

(10)ψ ε:P→ 詔(P,夏9(P)),..

Ontheotherhand,uncertaintyshouldbetakenaccountofat

thedecisionsoninvest皿entandfinan(}eplanssincethecurrent

invest皿entwillnotbeineffectforproduc亡ionuntilnextperiod.In

otherwords,theseplansare皿adeba6edonforecastsoffuture

statesofΨgr耳d.∫BecauseIdonot、want .eitheramanagerineach

fir皿or‡hespanpingassul且ption,it、isurgentlynecessaryt◎for皿ulate

a 、、grQupdec曇sign、 皿akingruleaエnQngshareholde=stogetinvestrnept、

a夏d・finanCeplans. ...Considerthefollowipgr鷺leoffloata麺Qp.First,、

onlythecurrentshareholderscantakepartinthe・decisions(i.e?

i∈1ゴ),second,eachshareholderapprovestheplanwhichwouldyield

atIeastthesanleexpectedretumonashareasnoinvestmentづlan

(ca11,thiszeropolicy),andthird,theexistingnu皿berofshares

cannotdecτeasedβveniftheshareholders .feelanoveraccu血ulation・
　

LetlnebeginwithassulnptionsonindividuaPsexpectation.Each

consumer(=investor)hash童sOwnexpectationaboutfutureprices

(p(t十1),q(t十1),r(t十1))hewillface玉n .hextperiod.Supposethe

lnthepresentprice

orexpectationabout

ミ
whereご 魏(P,勇(P))isthesetofaIIprobability.皿easurgsonP

(6)Nowtheassum亘tionQfafinitenumberofdiscretestatesoftheworldis

dropped。

5
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withitsBorel・ σ一field.

Thefollowingsareassumed.

(A.2)Themappingψ 彦:P→L鏡(P,詔(P))iscontinuousintheweak

topologyforanyi.

(A.3)、Foral1(p(t),q(t),r(t))∈P⊂Rξ+7+i

のノ
P(t)=intcosupPψ 葦(P(t),q(t),r(t))≠ φ

(A.4)Forall(p(t),q(t),r(t))・ ∈P⊂R乗+ノ+ユ

ψε(P(t),q(t),r(t))(int.P)=1.　
Apointexpectationisruledout.(A.3)saysthatthereisgehuine

uncertaintyaboutfutureprices.(A.4)rulesoutthepossibilityto

exPectzeropricesatfuturedate.

Basedonhisownexpected『prices,shareholdericalculatespri・

vatelyhisexpectationofreturnonshareholdihg(=theexpecteddiv・

id・ ρdpe飢
.sh律 ・ep1曝heexpe・t・dpτice・ ・ft#・ ・ha「e)・f無 ・xtp・ ・i・d

`φゴ(ρ1)=`dノ(t十1)十 メqゴ(t十1)

foreach(xノ(t),△Kゴ(t),nノ(t),bゴ(t))ofinvestment3尊ffinangeplans ノ
(callitapo正icy)andfind重heexpectedoPPotunitylosspersh臼refor'

eachpolicy.Attheshareholders'm.eeting,theyselectapolicyof

feasibIeinvestmentandfiIIancesoastomini皿ize「thelnaxhnaI

expectedoppotunitylo白soVer§hareholders.Clearlynonewantsa

policywhichyieldsalargerexpectedlossthanthezeropolicy,so

itis士easonableforashareholdertoassignalargenu皿bertosuch

a .badpol量 っy(worsethanthezeropolicy)astheexpectedoppotunity

loss.

ToInakeuseoflnathe皿atics,IetB'-⊂R2ゐ+2bethesetofall

feasiblepoliCiesforfirmj(=plansofinvestment,publicoffering

ofnewsharesandbond.issue).Thelimitofcolnmoditysuppliesim・

P・・e5 .th・ ・pPe・b・u耳d・nBlandth・assumpti・nthatthedeρum・la・

tionisprohibiteddoestheIowerbound.Hence,B行sconvexand

co皿pact.Write ,
　

(11)P'(・)={ρ' .(x5・ △Kゴ・n',b')∈B'(・)1△Kゴ(ち)≦ 濡y'(t)}・ 一　
Here,again,Bノ(p)isacontinuouscorrespondencefroInPtoBプ.

ρ
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Now,def董netheconsu皿eri'sexpecteddividendpersharewhenム
thepolicyρ ゴ=(x',∠Kノ,n',b')∈Bゴisc車osen,

ム

(12)ぎdゴ:Bノ Φ)→R

givenby

・d'(…ψ・)一∫・P(t+}藍、1綿 暮デb'(t)・ψ・(・)

where(ぎ 髪'(t),,gノ ・(乏十1))∈Yゴ(K'α)+f△Kj(t)) あ
ρゴ=(蝉'(t),言 △Kゴ(t),ぎn'(t),歪bノ(t))∈B'(P(t)), ぴ

Lε っ宛ηzα3.,

ThecQrrespondenceofexpecteddividend(12)iscontinuous. ム
(proof)By(A。2)andLemlna1,bothρ'(p)andBゴ(p)areContinuous ム
withrespeρttop.(A.4)andthedefinitionofB'(p)te1Rhatthey

are'co卑pact,too.Hence,thepropositionfollows.口
.

Next,using .(12),defi郭e』consulneri'sexpectedreturnpershare

wh骨nthepoIicyρ 行s 、cho$en.み
(13)一 彦eノ:Bノ(p)→R』 　 ・"吃

り
91venas

コ コ コ

ぎeゴ(ρゴ;ψz(P))=ゴdノ(ρ ゴ;ψ`(P))十 ゴqゴ(t十1)・

五θ吻吻 α4.

Th・ β・p・6t・d・et・m
.(13)i・c・ ・ti・u・ …

(proof)ItfollowsfrolnLemma2and(A.2). 、□

Then,definetheexpectedoppotunitylossassociatedwitha

policyρ ゴforshareholderi,ム
(14)ぎL:R×B'(p)→R

givenby・

・L(sノ ・ρノ;4(P))=

.Thisislnotcontinuousatρjsuchthat`L(s}iρ ゴ;ψ5)=5L(s多,0_,0;ψi).

So .modify(14)as

sl[maxゴeノ(ρ ノ;ψ 三(P))reノ(ρ ゴ;ψ歪(P)]
ρ'
fofμsuchthat

まeゴ(ρ・;ψ')≧e'(0,_,q;ψ 彦),

M(apositiYe'1argenu皿ber)

otherwise.・

}
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　 ム
`L:・R×Bゴ(P)→R、

definedby

ハ

まL〈s多,(ノ歪;ψ壼(P))

∈ しL(1,0,_,0;ψ 」),M]

forρ ゴsuchthat

`L(s多,ρ ノ;ψ彦)=5L(sl,0,..3,0;ψ 」)

=㍉L(s多,ρ ゴ;ψ り,otherwise・

93

五θ〃z〃zα5..

Themodifiedcorrespondenceofexpectedoppotunityloss(15)

iscontinuOUS.

(proof)Forapolicy.ρ ゴsuchthat歪L(sシ,ρ ∫;ψ`)<言L(S多,0,_,0;ψ ε),

thecontinuityfollowsfromLellllna-4.4,sincemax言eゴ(ρ ノ;ψ うisa

ρノ
constantnumber.

Forρ ノsuchthat'5L(s多,ρ5;ψ っ〉 み(sl,0,_,0;ψ り,(15)isa

constant'map,andhencecontinuous.

Finally,forρ ノsuchthat`L(s多,ρ ノ;;ψ う=㍉L(sl,0,_,0;ψ 曇),

(15)iscontinuousbythedefinition.[コ

Last,definethegroUPdecis量onmakingruleby

(16)Dノ:P→F/

91venas

tochooseρ ゴ=(xノ,4K',n読,bノ)∈B/suchthatlninmax

、 、L(・多,ρ・、 ψ・)ρ'i∈1・
'

7フ診θ076〃z5.

Thedecisionmakingrule(16)iscohtinuous.

Remark:(16)saもisfiesallconditions1lnposedonthegroupdecision

皿akingfule.

4,InterpretationsandComparisoh

Here,thepropertiesoftheminimaxrulearediscussed1ndetail.

Theruleisakindofsocialwelfarefunctionbecauseittellsthe

grouppreferenceoverthepolicybasedonthepreferencesofmembers.

ThをfamousArrow'sI皿possibilityTheore皿[Arr6w(1951)]-concludeき

ノ
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thatwithoutintroducinginterpersonalcolnparison,thereisnoway

toconstructasocialwe夏farefunctiontosatisfyresonablerestric・

tionsfromindividualpreferences.Arrow'sresult,inotherwords,

guaranteesthatasocialwelfarefunctioncanbederivedfro皿indi・

vidualprefer6nces・ 量finterpersonalcolnparisoniss磁tablymade.One

wayofsuchacolnpa士isonisinterlnsofexpectedvalueofthereturn

onshare・andthe面nimaxruleisa
、奪indofruleswhiche皿ploythρ

e琴pectedvalue.

Thebelowlistedpropertiesofthelninimaxruleofgroupdebision

makingimmediatelyfoliow.Firs亡,theexpectedopportuni{yIoss

514(s多,ρ ノ(P);ψ 歪(P))ofeachshareholderdefinedby(14)aresuch

that
A

)

)

a

b

c).

ル(s多,ρ ノ(p);ψ 冨(p))≧Oforanyρ フ ∈B」,ム
thereexists、atleastoneρ ノ ∈B/suchthat

づL(s多,ρ ノ(P);ψ 諺(P))=0,

itisimpossibletofindapairofconsumersiandi'suchthat
バ

theinequa1実tyゴL(s多,.ρ ∫,ψi)〉 ガ(s}'ρ 」;ψ りforlallρ'
.∈Bゴ,

■

Here,thepropertiesa)andb)ζrestraightforwardfrolnthedefini・

tion(14).(c)tellsthei血possib1litythattheexpectedopportunity』

lossofaparticularshareholderisalwayslargerthanthatofanother.

Inotherwords,'.

ず

c') itlsalwayspossibletofindapairofpoliciesρ ゴandρ ノ'of

fi・ml・u・hth・tf・ ・an亨P・}・ ・f・ 耳・・eh・1dersi・ ・di"

≧L(sl・rρノ(P);ψ 曇(P))〉 ・馬(sl'ρ ノ(P);'ψ 三'(P))「

♂L(s多,1)ゴ,(P);ψ ε(P))≦ 〆L(s多,ρ5'(P);ψ ε,(P))・'・

d)

Fortbedecision皿ak量ngrule(16),thefo1ヌowingareobtained.

thepolicyselectedthrough(16)isaParetosuperiorpolicyin

thesenSethat、thereexiStsn6 、otherpolicywhichyield.sas皿aUer

.expect俘d.10s貫forso皿eshareholderwithout】rロakingthatforqther
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bigger,

Rule(16)doeSnotlchooseapolicyρ ノfro】 皿the'setB累such

that,L(s多,ρ ノ;ψ 歪)=Mforsomeshareholderiofthefirmj.

Themeaningofd)isclearfromthepropertyc)ofindMdualex・

pectedoPPrtunityloss'ぎL(s多,ρ ゴ;ψ 諺).(e)i皿PliesthepQlicyselected

by(16)innotabadpolicyinthe白ensethattheexpectedlossas。

sociatedtothepolicyislesst取anMforallshareholders.Thatis,

itwill夕ieldahigherexpectedreturnthanthezeropolicy.

(proofofpropertye)Foreachshareholderioffirmj,considera

setofpo耳ciesbettertha阜thezeropolicyinthesensethattheir

expecteprρturnsarelargerthanthatofthezeropolicy,definedas・
　 　

言B'={ρ ゴ.∈Bゴ しeフ(ρ7;ψz)≧ ≧ぎeゴ(0,...,0;ψ り}.

N・ticeth・tth・ ・et£'キ φ ・incethezer・p・li・y1(6,_,Ol∈,盒 ・f・ ・へ
alIi,andhence∩ げBゴキ φ.Then,e)followshn・mediately・since(16)

i∈1,
　

choosesapolicyfromthenohemptyset∩ β'and

葦∈1ノ

づL(s},0,_,0;ψ 歪(p))≦M.口

Inthefollowing,the皿inilnaxruleofgroupldecisionmakingi's

showntotheQnlysocia正welfarefunctionwhichsati$fiesArrow's

conditious[Arrow(1951)]a6wellasSen'sequi亡yaxiom[Sen(1973)]・

andSuppes'gradingprinciple[Suppes(1966)].Fortheconvenユence

ofnotatiqn,thesuperscriptjoffirmisdroppedintherestofthis

section.Sinceagroupdecision皿akingruleonlyc◎ncernsonefirIn,

thiswillnotcauseanyconfusion.

DefineanindividualbinaryrelationRゐassociatedwiththeex・ 　
pectedopportunityloss(14)ontheproductspaceB×Iofpolicies

{ρ=(x,△K,n,b)}andshareholders{i∈Ils{>0}・as

(17)(ρ*,i)R秀 、(ρ**,σ(i))

iff'thereex董stsaper皿utationσ(i)onIsuchthat

,L(s歪,ρ*;.ψ3)≦ σ【、}L(s(ま ～,〆 零;ψ σω).
〆
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Withoutdifficulty,theindividualbinaryrelatlQnR羨isshowntobe

reflexive,co皿 か1eteandtransitive.Eence,R姦isanorderingdefinedム
onthesetB×1.Similarly,def量neagroupbinaryrelationR,πasso・ あ
ciatedtheminimaxrule(16)onthesetBofpoliciesas

(18)・ ρ*R溺 ρ糠iff±nρx5L(sε,ρ*;ψ り ≦m罫x玄L(s～ ρ声*;ψ り.
・1 、 、1

ThpgroupbinaryrelationR餌turnsouttobeanordering

And,finally,definef粥as

(19)f魏({Rん}`)=R函. ム
w翠ere{R羨}ゴisthelistofindividllaIorderingsoverB×1.f甥isa

"processorrule
.whichforeachsetofindividualorderingsforalter・

native　 policies``(one.grderingforeachindividua1) .statesacor・

respondingsocialorderingofalternative"policies[Arrow(1951,

Second』edition1963,p.23)].andiscalledasocia1'welfarefunction,

ConditionsArrow(1951)ilnposesonas◎cia1 、虚elfarefunction
⑰)

are,

Colldition(U)=

Conditioh(1):

Condition(P):

Condition(D):

,

[unristricteddomain]f餌({Rふ}2)isdefinedfofevery

possibleco皿binationofshareholders'order董ngs』on

thesetB×lofpoliciesandshareholders.

[independence.ofirrelevantalternat量ves]LetR沸and

correspondingtotwosetsofindividualorderings あ
{Rゐ},and{R飯},。IfRゑ=R晦onthesubsetB*×Iof
ム ハ

B×Iforalli∈1,thenR粥 まR加*onthissubset.B家 ×1.

[Paretocriter呈on]If(ρ*,i)Rん(ρ*掌,量)for.alli∈1,

thenρ*R蜴 ρ電零.Furthermore,ifthereissolneo纂e,say

i零,such、that(〆,i零)P姦*(ρ**,i零),亡henρ 皐P}η ρ窒*

[nondictatorship]Foranypairρ*,ρ**ofpol量ciesl

thereis耳osh砕reholderisuchthatρ*Pゐ ρ妹implies

ρ零P粥 ρK零・

Note:Con4itions(P)and(D)aredefinedforthecaseinwhichthe

(7)Thefollowiぬgisa・listofconditionsreorgahiz.edbySen(1970).
L
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perluutation三sanidenticalmapPing,i.e.,σ(1)==至.',

'Follbwingcond量tionsarealsointeresting
.

'

Condition(E):ESen'sequityaxiom]SupPose
.(a)(ρ*・i)P野(ρ ゐ・i)・

(ρ 綜,σ(i))Pゐ{客 〕(ρ ㍉σ(i)),(ρ ㌔i')1羨'(ρ**ジi')foranyi'

∈1-{i,σ(i)},(b)(ρ*,σ(i))P,島(ρ*,i),and(c)(ρ**,σ(i))

P羨(ρ*零,i).Then,ρ*R拠 ρ**,

C・ ・diti・ ・(G)・[S・pP・ ・'9・adi・gP・i・ ・ipl・ 〕lf走h・ ・eex量 ・t・aper・

nlutationσonIsuch'that(ρ*,i)1捧 、(ρ 纏,σ(i)),then

ρ*1堺 ρ縣,

7%θ076吻6.

ThesGc童alwelfarefunctionf伽ofth61niηi皿axrulesatisfies

conditions(U),(1),(P),(D),(E)and(G).

(proof)Itisobviousthatthefunctionf魏satisfies(U)and(1).

Propertyc)ofanexpectedoPPortunityIOssゴL(si,ρ;ψ うproves(P)

and(D).Propertyc')proves(E).(G)issatisfied、becausef餌takes

onlytheworstoffshareholdeτintocons童dera{ゴon.口

丁鹿εoγ8窺7.

Supposeffsasocialwelfarefunctionandsatisfiesconditions

(U),〈1),(P),(D),(E)and(G),Then,f=f襯.Thatis,theminimax

rulef毎istheonlysocialwelfarefunctionsatisfyingthesecondi・

tions.

(proof)・Theprooffollowsfromtheclai皿:SupPosef.isasocialwe1-

farefunctionsatisfying(U),(1);(P)and(E),thenfhasadecisive

groupI*⊂1.Thatis,thereexistsasubsetP⊂Isuchthat(ρ*,i)

Pゐ(ρ**・ 「i)f・ralli∈1*皿ean・ ρ・P・・ ρ**・.

Theclai皿isprovenby1nductionsincethesetIofshareholders

isfinlte.『

()αsθ1JI審=1.

(ρ㌔i)P(ρ 客*・i)fo「alli層 ∈ 国i即li・ ・th・t'ρ*1・P・ ・et・ §・・

periortoρ 轄,henceρ 零Pρ**by(P).
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Cαs診231(=1*andl*キI

Supposethat

(20)(ρ 縣,i)Pま(ρ*,i)'fQrシ ∈1＼F

(21)(ρ 零,i)P(ρ 噸*,i)・fori∈1皐(⊂1)

(22)f・ ・a・yid＼1客 ・th・ ・eexi・t・ap・ 珈 ・t・ti・・ ρ ・nl・ ・th・t

σ(i)∈1*and(ρ*,i)P彦(ρ 零皐,σ(i)).

Takeanyi客*∈'1＼1零anddefineI承*・=1＼1*一{i*皐}.Re皿elnberthat

I綜⊂1＼1孝andI零U轡U・{i**}=1.Assu瓢ethattheclaiπnistruefor

thesetI**andthatforanygrouporderingR.OnthespaceB×Iof

policiesandshareholders,thelnelnbersoftheset・1零 十{k}for瓢sa

decisivegroup,thatisif(〆,i)P5(ρ 継,i)fori∈F+{k},then〆P。

ρ家*.1'

LetB*denote{ρ*,Io**}andtakeρ 榔 ∈B＼B*.Constructthe

grouporderingR。onB×Isothat

ρ

(23)

(24)

(25)

(26)

(解)

Iti .sevidentthatsuch,a血orderingR3exists

sibletodefineR。by

(28)R。=f({R5}5).

Now,thre臼st6psremain亡oprovethecla圭1n:

(29)ρ 零P。 ρ零*客,「

(30)〆**R。.〆 ㌔ 、.一

(31)9ρ*Pρ 辮.

First,toprove(29),itisenoughtoshowthat

(32)(〆,i)P5(〆 継,i)手ori∈1＼1**,

andusetheinductionhypothesis,Here,(32)istrueif

(33)1*零={i.1(ρ*纏,i)Pfo'(ρ*,i)}・ 甲

く34)(ρ*・i)P占(ρ 絆*・i)f・ ・i∈1＼1*零 ・

R。=Ron.B*xI,

foranyi∈1＼1客,thereexists.aper】 〔駄utationぴonI's耳chthat

σ(i)∈ ・・1零・and(〆,『i)`P歪o(〆*,σ(i)),「 『

(ρ㌔i)pl(ρ 榔,i)・P6.・(ρ*零,i)』.fori、 ∈ ・1*,...

(ρ零,i)1乙(ρ 宰**,i)fori∈1＼1*,

(ρ 零零,iつ16‡(ρ**塞,iつfori*∈1-{i,i‡ 匙}一.

.By(U),itisalsopos・
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(35)foranyi∈1**,thereexistsaper孤utationσsuchthatσ(i)∈

1＼1**and(ρ*,圭)Pづo(ρ 構,σ(i)).

S童・・e(34)i・p・ 枕 ・f(25)。 。d(35)f。ll。w、f・ 。皿(以),。nly

(33)
.need・th・p…f・

(ρ*零*,i)P5(ρ*,i)fori∈1＼1*,

iff(ρ**,i*)P6雰(ρ*,i*)fori累 ∈1-{i,i*累}[by(25)一(27)],

iff(〆 零,i*)P彫(〆,i*).fori*∈1-{i,i**}[by(23)],'

iffi*∈1零*[by〈20)and(21)].

So(ρ*,i)P6・(ρ*零*,i)fo量i∈1＼1**,henceρ*P。 ρ零継.

Second,toprove(30),it「isnecessarytoshow

(36)(〆**・i)P5(〆*,i)fori∈1零,

(37)(ρ*累,i)P6(〆**,i)fori.∈1綜,

(38)(ρ**・i*)16*(ρ ‡**,i零)fori* .∈ ≡.r-{i・i**},

(39)(ρ*綜,i*累)P6*家(ρ ‡**,i)fori**∈1＼1零,

(40)(ρ ・・」 ・・)P6・ ・(ρ ・・,i)f・ ・i・ ま ∈1＼1・.・

(36)ispart .of.(23).(20)implies(ρ 零*,i。)P50(ρ*,i。)fori。 ∈1*,.and

by(23),(ρ ・・,i。)P5・(ρ ・,i。ジ.Th・n,by(26),(ρ ・・,i。)P6・(ρ …,i。),

Ψhichconfirlns(37).(38)isjust(27).(39)followsfrom1(24)and'

(26).Fro皿(20)and(22)'fori**∈1＼1*,(ρ**,i*零)P僻(ρ*,i**)P遜*

(ρ**,i),which,toge㌻herwith(23)confir皿s(40).Then,(30)fo110w9
へ

from(E). ,

Finally,(31)followsfroln(29)and(30).Bythetransitivity,

(22)and(1),〆Pρ**,whichco興pletestheproofoftheclaiIn.

Theproofofthetheoremisdoneinthreesteps.First,suppose

ρ*1,π ρ**ドD.efinethepen皿utationσonthesetLofsharehoIdersso

thatfori∈ ≡iI,ゴ.

(41)(ρ*,i)1疹 ・(ρ**,σ(i))・

-Then ,by(G),

(42)ρ*1ρ**.

Second,supPosethatρ*P鵤Io**andspeciallythatforso皿eioヲ
between1琴nd#1・

(43)(ρ 零,i)16(ρ 審零,i)fori=1・ …,io-1・

(44)(ρ*,io)P乙o(ρ**,io).
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ConstructtheorderingR80nB×Isρthat'

〈45)R乙 一R`・nth…b・et.B*×1乳

(46)(ρ**,i)18(汐***,σ(i)).・,

Itisclearthata∬ .orderingRポsatisfying(44)and(45)exists.By

(U),itisalsoかossibletodefinethegrouporder量ngR。asR。=f(・{R6},).

Froln(45)and(1),

(47)ρ*零Ioρ*継.

Now,itreInainstoshowthat

(48)ρ*P。 〆**.

Usetheclaimandfindashareholderi∈Isuchthat

(49)(ρ 零,i)P6(ρ***,i),

(50)thereexistsapermutat量onσonIsothat

(〆**,i)P占(ρ*,σ(i))i皿plies(ρ*,i)P5(ρ 辮,σ(i)).・

By(44)and(45)(ρ 零,io)P60(ρ 寒塞,io),andby(46),

(51)(ρ**,io)・180(ρ**‡,σ(io)).

Takiρgi〒 σ(i),(51>gives(49).1噛Also,supposefori∈ …1＼1*,

(52)(〆**,i)P6(ρ 零,σ(i))・'

Then,by(46),thereexist .apolicyρ 纏anda.shareholderσ(i)such

that(ρ 構,i)琵(ρ*零,σ(i))fori∈1＼1*.Therefore,(52)1eadsto

(53)(ρ**・ ・(i))P6(〆 ・・(i♪)f・ ・i∈1＼1零 ・

Then,-by(45),(53)gives(ρ 寒*,σ(i))P彦(ρ*,σ(i)).So,by(43)ana

(44),itturnsoutthati=io,io+1,_磐1.Then,(ρ*,σ(io))P3、(〆 零*,i).

Hence,

(ρ*,σ(i))P5(ρ*零 零,i),'

whichcolnpletestheproof.[]

亀(∫uly1979)
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