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c（∫）＝讐X芸（葺叫ズ丑）  

s・t・葺（葺叫＝1  

叫≧0（∀f）  

1。伽血Ⅶ伽血加m   

Intheliteratureoncooperativegametheory，therehave  

been many applications to cost or benefit－Sharing  
problems．The proposed DEA－game SCheme［l］isin  

Sharp contrasttothem，1nthatwe can dealwith these  

PrOblems under multi－Criteria environments that are  
COmmOntOrealconflictsinoursociety．  
The DEA game has two opposite variations，maX  

andmingames．Theoneisthe selnshorbullishgame  

and the otheris the modest orbearish game．We can  

Calculategame－theoreticsolutionsfromthemaxandmin  

gamesseparately．Thenucleolusallocationsofthemax  

andmingamesarenotalwaysthesame，buttheShapley  

Value ofthe maxgame coincides withthatofthe min  

game・  

Usingthisnewscheme，intheprecedingsessionwe  
PrOPOSed the Shapley solution to the membership fbe  
Sharing problemin theInternationalFederation of  
OperationalResearch Societies（IFORS）．AIso，We  

ShowedthattheShapleyvalueofbi－CriteriaDEAgames  
isthesimpleaverageoftwoallocationsinproportionto  

each single criterion．Inthis session，We Showthatthe  

nucleolus allocations of bi－Criteria DEA max and min  

gamesarethesame，andthisnucleolussolutioncoincides  
With the Shapley value ofthe games．Thatis，under  

bi－Criteriaenvironment，boththe Shapleyandnucleolus  

SOlutionscanbeobtainedasthesimpleaverageoftwo  

allocationsin proportion to each slngle criterion．  
Furthermore，We PreSent the case of applylng the  

assuranceregion（AR）methodtobi－CriteriaDEAgame．  

（1）  

Thus，Wehaveagameincoalitionformasrepresented  

by（N c）．Thecharacteristicfunctioncis sub－additive，  

anditholdsthat c（N）＝1・   

Ontheotherhand，WeCanCOnSidertheoppositeside  

Ofthemα方game（Nc）．Thisisdennedbyreplacingmar  

in（1）byminasfbllows：  

d（∫）＝聖n宗（葺叫ズfん）  

（2）  

s・t・若（萎叫＝1  

叫≧0（∀ブ）  

This characteristicfunction dis super－additive，andit  

holdsthat d（N）＝1・   

Betweenthesetwogames（凡c）and（N；4），itholds  

that  

d（∫）＋C（〃＼∫）＝1．∀∫⊂Ⅳ （3）  
≠  

Theequation（3）revealsthat（凡c）and（N4）aredual  

games，andhencetheyhavethesameShapleyallocation．  

Thatis，foranyplayerk，itholdsthat  

¢た（c）＝¢烏（d），  （4）   

Where 4k（c）and 4）k（d）are respectively Shapley  

allocationsofgames（N，C）and（凡4）forplayerk．  

2。迅asi疋DEAgamemo舶1s  

Let x＝（xy）∈R：×n bethescorematrix，COnSistingof   

the record x少Ofplayerj to the criterioni・For any  

COalition S⊂N＝（1，…，n），aCharacteristicfunctionc  

isde航nedinthefb1lowlnglinearprogrammlng：  

3。凪盈－eriteriaease   

Inabi－Criteria（m＝2）DEAgame，Wehavethefo1lowing  

COrO11ary．   

Coro鳳凰乱打y 孔：血αゐ才一Cr∫Jerfαβ且4gα椚e，カrα町  

∫＝Ⅳα〝d r⊂〃w助伽co〃助0〃∫nr＝¢，fJ  
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／JO／（太J／7〟／   

c（∫ur）＋グ（∫ur）＝C（∫）＋c（r）＋d（∫）＋d（r）（5）   
As regards the case of applying AR method to  

bi－CriteriaDEAgame，WehavethefbllowlngCOrOllary：   

Corollary2：九＝プ鋸－Cr′ねrg〟β且4gβ∽e，Co和JJαワノ  

んり／J、●榊′Ⅲ〟〆い・－l、／Jし・〟れ・′■・」〟…UJ／仙／h叩γ瓜！（／り／・J〃〃．  

Since Corollarylis cruCialfbr the proofもofboth  

Propositionland2，Wehavenow，fromCorbllary2，the  

fbllowlngCOrOllary．   

Corollary 3：力7‘プ．玩－Cr如rfα β朗 gα∽e，占o才力  

伽イ…／／ん川／l〃れ／PJ叩机、〟山JJご／Jり／（／J〃ノ〃力〟…・－1丸山・J・  

．〃？仙・血′J／．、・叩リー／／し・l／り川り／．  

Basedonbothequation（4）andCorollaryl，Wehave  

thefb1lowlngPrOpOSition：   

Propositionl：カブβ一誠一Cr如r≠αβ且4gα椚e，カrαサ  

イ－／‘岬／・A，上川り／（／、・仙J／  

c（（た））＋d（（た））  
軋（c）＝彿（d）＝   （6）   

SimilartothecaseofShapleyallocation，Wehavethe  

fo1lowlngPrOPOSition：   

Proposition2：1n a bi－Criteria DEA game，jbr a7V；  

ノ申lげい／／い／‘／、J／J‘J／  

5．Conclusiom   

AllowlngnumberofplayertoinCreaserendersushardto  

Obtain Shapley／nucleolus a1locationbecauseitinvoIves  

COmPlex calculations where one needs to determine  

Valuesfbralargenumberofcharacteristicfunctionsfbr  

a11possiblepotentialcoalitions．Forexample，inthecase  

OfIFORSprobleminvoIvlng45players，thenumberof  

allpossiblepotentialcoalitionsis245＞35，000，000，000，000！   

However，fromPropositionland2，itisclearthatina  

bi－CriteriaDEAgame，Onedoesnotneedtoconsiderall  

the potentialcoalitions．The Shapleyand nucleolus  

allocationscanbeobtainedasthesimpleaverageoft示o  
allocationsinproportiontoeachsinglecriterion．  

In case of more than two criterla，One needs to  

COmPute a game－theoretic solutionJuSt fromits  

dennition．WehavedevelopedsoftwarefbrDEAgame，  

which can directly compute the solution from a score 

matrix．ThiscodecanSOIvetheDEAgameinvoIvingup  

to20playerswithinareasonableCPUtimeonaPC．In  

CaSe Of more than20players，however，We need to  

aggregate theminto200rless groups．The CPU time  

increases exponentially with number of players，but  

linearlywithnumberofcriteria．  

c（（た〉）＋d（（ん））  
〟慮（c）＝〟た（d）＝   ，   （7）  

Wゐe柁〃た（c）α〃d〟舟（d）α柁柁軍eC血eか伽〃〟CJeoJ～げ  

g（7∽e∫仰りα〃d匪ゆカr〆り′erん．  

4．Applyingtheassurancereg10nmethod  

If all players agree on some preference relations 

COnCern1ngVariouscriterla，WeCanaPPlythefbllowlng  

“assuranceregion（AR）method，”originallydevelopedin  

DEAliterature．Let the base criterion be wl．We set  

COnStraints on the ratiowiVS・Wl（i＝2，‥・，m）as  

fbllows：  

エf≦ヱ≦Uf，（ブ＝2，…，∽）（8）  
l・lJ】   

Where Liand uidenote respectively thelower and   

upperboundsontheratioⅥ1／wl・Theseboundsmustbe  

Setinagreementamongalltheplayers．Theprogram（1）  

isnowmodi坑edas：  
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s・t・妄（妄叫＝1  

上′≦ヱ≦q（g＝2，…，椚）  
ll1  

叫≧0（∀′）．  

（9）  
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