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2．2ADEAminimumgame   

Wede点neagame（N，d）byreplacillgmaXin（1）  

byminasfbllows：  

1．Introduction  

Illtlle prOblem’of evaluating the perfbrlllallCe  

alllO11gilldividuals or orgallizations witllnlulti－  

ple criteria，‘variable weigllt，’whichislleWly  
usedindata ellVelopment allalysis（DEA），is aIll  

epoch－nlakingco11CeptCOntraStedtoapriori‘fiⅩed  

Weight．’Inthisconcept，eaClldecisio111na・killgunit  
（DMU）may choose aset ofweights to tlleCrite－  

riathat arelnOStPref占rableto theDMU，i．e．，the  
WeightstothecriteriamaydiLhrfromolleDMUto  

another．However，WemiglltbefacedwithadifR－  

Cultproblemofadjusti11gtlledi鮎renceofweights  
for theconsensus－1naking amongDMUs．Il10rder  
toa11alyzesuchasituation，WeCOnStruCtedaDEA  

gameusingcooperativegametheoryandDEA【1，  

2】・ThispaperullCOVerSSOmeOfitsmatllel－1atical  

PrOperties．  
2．Ba5ic models ofthe game  

2．1A DEA maximumgame   
LetX＝（xij）∈RTXnbethescorellla王rix，COn－  

SistingoftllereCOrdxijOfplayerjtothecriterion  

i，FbracoalitionSwhichisasubsetoftlleplayer  
SetN＝（1，…，n），．aCharacteristicfunctionvalue  

C（S）isdefinedasfbllows：   

†TI  

C（g）＝1署Ⅹ∑叫（∑句）  
i＝1  j∈5  

（1）  

m rL  

subjectto∑wi（∑xij）＝1  
i＝1 J＝1  

叫≧0（∀豆），   

Whereu・iis the weight assigned tothecriterioni．  
TlluS，Wehave agameillCOalition brn1aS rePre－  
Selltedby（N，C）．Wehavethefo1lowingtwopropo－  

sit．iollS．   

Proposition 1 

打I  

d（5）＝聖1∑｛（∑句）  
i＝l J∈5  

m γl  

subjectto∑wi（∑xij）＝1  
i＝1   j＝1  

叫≧0（∀け  

（4）   

Similarly to the DEA max game，We have the  

followillg two propositions. 

Proposition 3 

71 

l≧∑d（ル  
ブ＝1  

（5）  

Proposition4   

（6）  
d（Ⅳ）＝1・  

2．3Therelationshipbetweentwogames   

TlleDEAmingamecanbeinterpretedastheop－  
positeoftllemaXgal11e・IllOnegameeaChplayeris  
supposedtobeselfishorbuuish，Whereashe／sheis  

SuPpOSedtobelllOdestorbearishillanOthergallle・  
However，withintheh・ameWOrkoftheDEA－gameS，  

betwe11thegames（N，C）and（N，d）wehavethe  

fbllowlllgPrOpOSitioll．  

Proposition5  

d（g）＋c（〃－β）＝1，∀5⊂Ⅳ．  
（7）  

2．4Additiveproperty   

WellaVethefb1lowongtwopropositiollS・   

Proposition6TheDEAmaxgame仰c）issub－  
αdd豆fねe．   

Proposition7T7Le DEA min9ame 彿 4）is  
5叩eγ－αdd宜軌e．  

Tl  

∑c（プ）≧1・  

j＝1  

（2）  

Proposition2   

（3）  
C（Ⅳ）＝1．  
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Using tlld‘＝Ch自JraCteristic fu蔓1ttiQn，C，’the a．notller  

ga．me（N，t！）．i早（iefi1iedb；  

γ（テ）＝∑c（J卜c（5）・  （8）  

・ 

Then，tllegame（N，t，），Which h争S eSSelltia11y the  

sa，meStruCtureaStllega，1ile（N，C），issuper－additive：  

2・5Convexityorconcavity  
・Thegalne（N，C）isnotalwaysacollCaVegal11ebe－  

CauSeWehaveacountereXample．However，thiscon－  

Cept，COnCaVity，isFaSe－SellSitiveandsowesllOuld  

ClleCkit．casebycase．Inthe‘qaseofSuT＝N，We  
havethefollowingproposition．  

Proposition 8 

C（5）＋c（T）≧1十C（5nr），∀5，r仁Ⅳひ．坤5∪了「＝Ⅳ－   

Simila・rliγeha・Ve，brthega千11e（N， 

qroposition 9 

1＋d（5 

FrolnProposition8alld9，Wehavethefollowlng  

twopropositionsinthecaseof3players．  

Proposition 

タpg叩erβ豆βCO†1C肌e．  

P’ropositionl177LeDEA min9ame彿d）with  
㌢〆叩er5豆5COγもγe二ご，  

3Thesolutionofthegame  
3．1The core   

Owell［3】hd′Sintroducedlillea・rprOgralllgallleSa・S－  

SOCiartedwithalleCOnOmicproductionprocessand  

demonstratedthattheyhaveallOn－enlptyCOre．We  

fbulldthattheDEAgalnleCallbeinterpretedasthe  
dualofOwe11，sLPgame・rAsaspecialcaseofhis  
gaIme，WehavethefolldwlngtWOprOpOSitions．  

Proposition12TheDEAmn9ame彿4）isa  
J一り／りJJ…／伊＝…・．ル・JJ什／／・、川什J・ヾ‖＝J卜川り′柾  

－ 

Prムpositionlmet，uゆ，m云d9。me彿りis  

り／一り／り′…・・J†／り′…・JJ仙・‥／・、川什／・ヾJ…Jト「〃り巾／、   

Furthermore，WithrefbrencetoOwell’sstudy，We  

havetllefollowlllgprOpOSition．  

Proposition14Fbr any w＝hL，1，…，u，m）∈●1q  

れ兢eβわ叩ge〇叫＋‥・＋町m〒1ノ兢e・〃eCわr肌方由  

り＝′′り川／りJ′り′′川／／′‥川‥車り＝上）ムー．・1！／・上J…・・  

Howev9r，thereverseisnotalwaystrue，1・e・，there  

a・reimputationsin the tore that tanllOt be e不一  

pressbdaswX．  
3・20n’the．－dominancerelationship   

WecallplayerAdominatesplayerBifit holds  

ェiA≧xiB（∀i）．WehavethebllowingdominallCe  

relationshiponimputatioll．  

Propositionl15H－1player41’ldomina．teざPlayerB，  

／J′川仙・リ＝り一恒／川／灯りトl！＝り／／＝パオ／＝JJJ／＝／イ  

〆αyerβ．   

Proposition16uplayerAldominatesplayerB，  

班eれ班eγ1祝CgeOg祝β扉A豆βれ0＝eββ兢肌£んα壬扉〆αyer  

β．   

3・30neandthesameShapleyvalue l   
Rega・rdillgtlleShapleyvaluesoftheDEA－ga・nleS，  

wehavethefbilowlngprOperty．  

Probosition17元？Shqpleyvalu云sqFtheDEA  
mαヱαmd血豆m卵me5「ⅣタCノα乃d「Ⅳ′可α柁兢e・βdme．   

ThisPropositiol117mightbeolleOftllerelllarkable  

Cha・rh・CteristicsoftlleDEAgame．The11ut：1eolusof  

theDEAm－lngal11e・i岳110tneCeSSa．rilytlleSalllea占  
tllaItOfthemaxga・me・TheSha・pleysolutiollllaS  
StrOngllllpa・CtOllCOllSenSuS－111aki！1gamOllgpartici－  

palltSOftheDEA・ga．me．   

FrollltheadditivityaxiolllOftheSlla．pleyvalue，  

γehavetllefbllowlngPrOpOSitioll・  

Proposition18Fbit’lany■t∈R，theShqpIcyvalue  

イ／／′‥Jり′…J上＼r、／ト㌔イト川Jj′・ヾ／／′′ 州JJ汁り・ヾ／／＝／「イ  

〃ほ卵me5彿cノ・α乃d「Ⅳ，可・   

3．4The Shapleyvalueinthe core  

ItisprovedthattheShaple†ValueofacollVeX  
galllebelollgS tO thecoreofthega・1ne．He11Ce，．by  

PropositionIl，theShapleyvalueoftlleDEAmin  

game（N，d）‘forthe3－playrCaSebeloilgStOtlle  

COre・AltllOughtheDEAmmgal11eWitl140r1110re  
pla・yerSis not necessarily collVeX，Wehave the fbl－  

lowillgprOpOSition．   

Proposition19Th与Shapley valtfe qF the D且4  
′′＝‖J／り′…・げ・・／ノ′′リ／／J・JJ′／＝い′・・ヾJ＝…イ′J・Jl（J川仙・  

COre．  
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