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ABenefit－Cost Game：   

AnExtensionandanApplicationoftheDEAGame  
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FollowlngthesamescenarioasthebasicDEAgame  

model，WeCandevelop coalitions andimputations  

Ofthisbenefit－COSt（B－C）game，althoughtherow－  

wise normalization is not available in this game. 

Thatis，a Characteristicfunctionofthe coalition  

Sisdefinedbythelinearprogrambelow：  

1．Introduction   

hthebasicDEAgamemodel【1】，thescorema－  

trixX representseitherthesuperiority（benefits）  

Ortheinfbriority（costs）ofpl町erS・However，there  

areoccasionswheretwotypesofcriteria．aremixed・  

Thus，themeritofaplayerisevaluatedbythedif－  

ference betweenbene丘ts andcosts．Inthis study，  

WeeXtendthebasicmodeltoabenefit－COSt（B－C）  
gameandintroduceanapplicationtotheNATO’s  
burden－Sharingproblem．  

2．Abeme亀t－COS七game   

Supposethattherearescriteriaforrepresenting  

benefits andmcriteriaforcosts・Lety，k（r＝1，  

‥・，S）andxik（i＝1，・・・，m）bethebene鋸sand  

COStSOfplayerk（k＝1，・・・，n），reSpeCtively．The  

meritofplayerkisevaluatedby  

（叫〟1た＋…＋℃βyβた）－（明牒1た＋…＋umごmた），  

whereu＝（ul，・・・，uS）andv＝（vl，・‥，Vm）arere－  

SpeCtivelythevirtualweightsforbenefitsandcosts．  

Wedefinetherelativescoreofplayerktothetotal  

scores asfo1lows：  
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Intheprogram（4），Wekeeptheconditionthatthe  

meritofallplayersisnonnegative．Sincethecon－  

Straintsofprogram（4）arethesameforallcoali－  
tions，Wehavethefo1lowlngprOpOSition：  

Proposi七iom皿 meβ－C mαごタαmeβαf哀訴eβ α  

β祝わ－αdd豆励軸pmper旬．   

AswiththebasicDEAgamemodel，WeCande－  

finetheB－Cminimumgamebyreplacingmaxin  

（4）bymin・ThisB－CmingaeSatisfiesasuer－  
additivityproperty，andwearrlVeatthefo1lowlng  

PrOpOSition：   

proposi七五om2me上汎叩gey Uαheβ扉兢eβ－C  
mα∬∽dmれgαmeβα柁兢eβαme．  

Fbrthermore，Simi1ar to the basic DEA game  

model，WeCanCOn丘rmthattheB－C mingameis  

balancedandhasanon－emptyCOre，andthatthe  

B－C maxand mingameS Withthree players are  

COnCaVeandconvexrespectively．  
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Weassumeplayerkwishestomaximi2；ehisscore，  

Subjecttotheconditionthatthemeritofallplayers  

isnonnegative，－i．e．，   
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WbcaneXpreSSthissituationbythelinearprogram  

below：  
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3．Apropertyrelatedtotheplayer，sscale   

Now suppose two players A and B with their  

records（y，A，XiA）and（y，B，XiB）suchthatt＞1，  

y，A＝ty，B（∀r）andxiA＝tXiB（∀i）・Thenwe  

havethefo1lowlngtWOlemmas：   

LemmalFbrevery・COalitionS excludin9A and  
β，豆f九oJdβC（guA）≧c（β∪・β）．   

Lemma2華 holds that c（A）＞ c（B）unless  
（ylβ，…，yββ）＝0・  

Ftomthelemmasland2，Wehavec（SuA）－  

C（S）≧c（SuB）－C（S）andc（A）＞c（B），reSpeC－  

tively・Hence，WeObtainthefo1lowongproposition：  

Proposition3qt＞1，y，A＝＝ty，B（∀r）and  

諾iA＝±ヱiβ（∀豆）わr兢efひOp励erβAαmdβ，兢e氾  

班eぶ九叩geyγαg祝eJbrA豆5タ代αfer〃もα乃兢α亡わγ且   

4・Anapplicationt．otheNATO，sproblem・   

We apply our DEA B－C game to the NATO  

burden－SharingproblemwiththespiritofKimand  

Hendry［2］・   

Kim and Hendry presented a newindex－the  

‘net－burdenindex，’whichis measured by the re－  

1ationshipbetweenthe17云ontribution（cost）cat－  

egories and the seven benefit categories．In thier  

paperthequantitativeformatforthetota124cate－  

gorieswasarrangedbyapplyingAHPtosomequal－  

itativedata．Theyfinallyassessedthe16alliedna－  

tions’‘net－burden’uslngDEAbytreatingeachna－  
tionasadistinctDMU，thecontributioncategories  

asoutputs，andthebenefitcategoriesasinputs．   

Weherepickupsomeclearcategoriesandapply  

ourDEAB－Cgametotheirdata．Thefo1loふing  

SeVenCategOriesareusedinourtest．   

Benefits  

yl：Protection打omexternalthreat  
ThedegreeofrelianceonUS（NATO）pro－  
tectionagainstanexternalthreat．  

y2：Receiptofeconomicandmilitaryaid  

Amount of US economic and military aid 

received：the sum of the amountS丘om  
1948to1990．  

y3：Receiptofeconomicspin－0鮎（employment  
indefenseindustry）  

The numberofworkers employedin the  

WOrld’s toplOO defense contractors：the  

averageofthefiguresfortheyea．rs1988，  

1989and1990．  

Contributions  

Xl：Defensee鮎rts  

D／GDP（％）figure：theaverageD／GDP  
figuresfor the years1970，1975，1980，  

1985and1990．  

X2：TbchnologlCalcapability  

R＆D spendingshare：the average R＆D  
Spendingsharefortheyearsfrom1960to  

1988．  

X3：Overseasdeploymentoftroops  

Thenumberoftroops deployed：the av－  
eragelnumberoftroopsdeployedfor－the  
years1970，1975，1980，1985and1990．  

X4：Hostingofforelgnforces  

Thenumberoftroopsstationed：the av－  
eragenumberofUS troopsstationed for  

theyears1971，1985and1990．  

We compare between a’single benefit－Slngle  
contribution，caseanda‘threebenefit，S－fourcon－  

tributions’case．Theresultsareshowninourpre－  

sentation．  

5．Conclusion   

ThemidifiedB－C gamemight haveevenmore  

PraCticalrelevancethanthebasicDEAgamemodel．  

Thisgamedealswithtwotypesofdatacategoryln  

COmmOnWithDEA．However，thereis adi鮎itence  

betweenthebenefit－COStformulationinourscheme  

andtheratioformulationinDEA．TheB－Cgame  

isanimportantareaforfutureinvestigation・  
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