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1．Introduction  

Acooperativegameisdeflnedviaacostallo毘tionproblem．WecalculatetheShapleyvalueof  

lhegameandinterpretittobeanindexofimportanceofeachvertex・  

2．The Mode】  

A（undirected）gJ呼h Gisanorderedpair（V，E）inwhich V＝（0，1，2，・・・，n）isahnitesetof  

Vertices，and Eisafinitesetofpairsofdirfbrcntvertices，（i，j），Cal1ededges‥ Apadlbetween  

i。，ら∈Visafinitesequenceofdistinctedgesorthefbrm（io，il），…，（ら＿1，ら）・Thisisdenotedas  

（ら，il，…，is）・AsiTTPlepathbetweeniand jisapathbetweeniand jwithnorepeatedvertices・  

WeassumeG≡（V，E）isaTt，Otedtree，andO∈VisdesignatedtheTVOt．Itiswell－knownthat  

foranyi，j∈V，thereisunlquelyasimplepathbetweeniand j・Thesetofverticesonthispath  

isdenotedby［i，j］・Fori，j∈Vsuchthati≠j，iiscalledanancestorof jifiE［0，j］．jis  

Cal1edadescendbntofiiriisanancestoror j．jiscal1edachikioriif jisadescendantofi  

and（i，j）∈E・Fori∈V，1et q，呵，and4fbri≠Obethesetsofal1descendants，al1children  

andal1ancestorsofirespectively・Welet D≡Lh・Forany j∈D，thereisuniquely a（j）∈4  

SuChthatj∈吼。，・IltV≡Q）Uq・ForiEVandY⊆q，derine＝∪，g［i，y］・Denneatree  

Withiasitsrootby qi；Y）＝（qL；，）∪8），（（a（j），j）∈E：j∈q明））・Foranonnegative－Valued  

functiongonD，Weletg（Y）≡∑i∈，g（i）fbrY⊆D・Weletg（Y）＝OifY＝β・Forafiniteset  

X，klisthec∬dinalityofX・lhch？dge（a（j），j）isassiatedwithapositivenumberd（j），  

Cal1edtheweighEOr（a（j），j）．Thelengthofapathisthesumortheweightsofalltheedgesinthe  

Path．Fori，j∈V，Wedefine d（i，j）bythelengthofthesimplepathbetweeniand j．Clearly  

d（α（ノ），ノ）＝d（ノ）bり∈か．  

Deheagameon G・Playerl（thehider，OrH）hidesamOngOneOfal1verticesin D，and  

StaySthere・Player2（thesearcher，OrS）examineseachvertexuntilSrindsH，traVelingalong  

edges・ItisassumedthatatthebeginnlngOfthesearchSisat O，andthatStravelsalongthesimple  

Pathbetweeniand jwhen（i，j）∈EandSexaminesiafterhavingexaminedj．Associatedwith  

theexaminationofiEDistheexaminationcostthatconsistsortwoparts：（I）atravelingcost  
d（j，i）＞00reXaminingiafterhavingexaminedj，Zmd（TI）aLneXam1nationcost c＞0．Thereis  

notaprobabiIityofoverlookingH，giventhattherightvertexissearched・Welet d（i，i）＝Oforal1  

iED・BeIbresearching（hidingresp・），S（Hresp．）mustdetermineastrategysoastomakethe  

COStO‖1nding閏assmall（1argeresp．）aspossible．A（pure）stralegyforHisexpressedbyan  

eJement，Sayi，Of D，WhichmeansHdeterminesonhidinglni・Disthesetofal1stratcgleSfor  

H・AstrategyforSisapermutationon D．Thusunderapermutation（丁，SexaminesVertices  

（イ1），α（2），…，0（n）inthisorder．Welet o（n＋1）＝U（0）＝0．Weassume  

S travelsalongeachedgein Eatmosttwiceinhissearch．  （2．1）  
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IntuitivelyltisefricientindistancerorS tochooseaperrnutationwhichindicatesasearchpr∝edure  
Satisfying（2・1）・For Y⊆D，1et∑（Y）t＊thesetorallpermutationsonYwhichsatisfies（2．1）．  

Welet∑≡∑（D）・Forastrategypair（i，U）∈Dx∑，thecostofrindingH，Writtenas f（ip），is：   

0‾1（f）  

（2・2）   ／（わ）＝ ∑d（叫ズ），由一1））・け‾1（f）c・  
．l‘＝】   

LettingthepayorrrorHtx f（i，CT），Wehavearinite，tWO－PerSOnZerO－Sumgame，denotedby  

（f；D，∑）・Let（f；P，Q）bethemixedextensionof（f；D，∑）andwecallitagameGjustas、†e  

denotethegraph・SimilarlywecandefineagameOn q二刑（iEV，Y⊆q），Whereatthetx：ginnlngS  

isati，and YisthesctofpurestrateglCSOrH・Cal1themixcdextensionoritagameqi；Y） 

出 
Theorem2・1・Thevalueofthegameqi：”isC（i；Y）＝d（恥，）＋ c・  

2   

ForeBLCh S⊆D，C（S）…C（0；S）istheexpectedsearchcostforthecompany・Andinturn，C（S）is  

thejolntCOStinwhichthefhcilitiesin Smustpaywhentheyconsiderthemaintenancec00peratively．  

Dehnev（S）＝OifS＝Q）・ForS（＃q）⊆D，defiムev（S）＝∑c（0；＄））－C（0；S）・V（S）isthe  
J∈S  

SaV）ngOfthecostwhichisobtainedbyconsidenngJOlntlythemaintenanceofthenetworkofS．Our  

purposeistoconsiderhow 

solutidn－COnCeptSincooperativegameSincha171Ctehsticイunctionform．  

3．The Shapley Value oftheGame  

TheShqpleyvalueoragame（D，V）isdefinedtobe：Fori∈D，  

吼（V）…d（0，i）＋C－C（i）  

（〃－∫－1）！∫！  

wherec（わ≡∑  
上川申   

〈C（∫∪〈ヰ）－C（∫）〉．  

Theorem3・l・Fori∈D，1et（ら，il，・・・・，im）bethesimplepathbetweenら＝Oand L．＝i・Then   

（／（f）   

c佃1・） 
・‥ 

References．［1］Granot，D．andGranot，F．：OnSomeNetworkFlowGames．Mathematicsqf  

qフe和才わ那月e∫ビ〟汀ゐ17（1992），792－841．  

［2］K．Kjkuta：ACostAll∝ationGameRelatedtoaSearch汁obleml：TheKernel，WorkingPaper  

No．］53，Fac．orEcon．，ToyamaUniv．，September1995．  

－251－   

© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.




