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1．Introduction  

QuorumSyStemShavebeenstudiedas acoordinationmethodfordistributedsystems，SuCh  

as mutualexclusion，datareplicationanddisseminationofinformation．AquorumSyStem  

isacollectionofsetsoveranunderlyingprocessors，Where訂bitrarytwosetsintersect，that  

is，theyshare atleast onecorrmonprocessor．ThesetsarecalledquorumS．臨．chprocessor  

tries to accessal1the processorsinany quOrum，andifit can gpt permissionfrom them，  

it canenterits criticalsection．However，ifotherprocessor has alreadyenteredits critical  

SeCtion，thereexists somecommonprocessorswhichdonotgivepermission．   

Thereareseveralcriteriatoevaluatequorum町StemS．Availability，thefrequentlyused  

measure，istheprobabilitythatthesystemisQPeratingwhenhiluresoccur．Loadbalancing  

isthemeaLSuredavoidingnetworkcongestion．Probecomplexity，investigatedinthisrepcwt，  

is the cost cGprdbingifthesystemis available or not．More precisely，Wehave to search  

foralivequoru町inwhichal1theprocessorsarenonfaulty．Ifthereisnosuchquorun，We  

CannPtusethe町Stem．Thl迅Wemaylearnthestateofthe’systembyprdbingtheprocessors  

OnebyoneuntilfindingalivequorumOraneVidencethat nolivequorumeXists．   

Our approachis agame theoretic method．First，Weformulate as atwo－perSOn ZerO－  

Sumgamebetweenthepersonwhobreaksdownthesystemandthepersonwhoprobesthe  

system．Thegamevaluewouldmeanthemi血maxcostdprdbing．   

Since 
relatedworkhasbeendoneinthis area．Theyintroducedtheconcept（オ”domination”and  

ShowedseveralprQPertiesofnon－dominatedcoteries・Recently，PelegandWod（2002）intro－  

duced theprdbecomplexity，theexpectedoverheadofmessagecomplexitydueto failures．  

FbthermOre，HassinandPeleg（2001）extendedtheprobecomplexitytothecasewhereeach  

PrOCeSSOrhilswithsomefixed prdbability．   

2．Game－theoretic Model  

Ftwanyfinite set X，WedenotebylXlthecardinalityd■x．   

Firstwestatetheprobleminthegpneralcase．There Eu・enpOints，numberedasl，…，n．  

Let u＝（1，・・・，n）・LetQ（U）＝（n，・‥，Tk）beasubsetof2Usatisfying   

（1）  
弟∩了う≠¢ 払rdl豆≠J弧d 了う望ち brdl乞≠ブ・   

Let∑is the set ofal1permutations on U．Let q∈∑．LetI（0－，j）≡（g（1），…，CT（j））foral1  

J＝1，‥・，軋   

Lemma2．1．Supp（義eS⊆U．Thentheonlyoneofthetwocases holds：  

（i）R∬SOmejandsomee，I（u，j）＼5⊇77・  
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（ii．）R∬弧yg，乃⊆U＼ぶ．  

FbrthermOre，（ii）isequiYal9nttO：  

（iii）Ftxsomej，Z（g，j）nSn71≠¢foranye・  

Nowwedefin占azero－SumtWOperSOngamerelatedto′Q（U）・TherearetwoplayeIち（Player  
IandPlayerII）．PlayerIcho（おeSS∈2UandPl町erIIcho（蔦eSapelmutationJ（mLU．The  

PayO托f（S，q），tOPlayerIisdefinedby：  

eit her 
thecase（i）inLemmaI・1firstoccu∫S  
Or  

thecase（iii）firstoccursatj  〈  
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 （2）  J（∫，グ）＝Jif  

Thecase（i）inLemmal・1■血ean？thataft？rtheexaminationsずjpointsPlayerIIhas＠und  
thatthe’systemw6rks・Thecase（iii）inlemmal・1eanSthataft？rthe9Xaminationsd■j  
p（元ntsPlayerIIhasknownthat thesystemisdown．   

ThepayofftqPlay？rIIis－f（S，J）・SoPlayerIisthemaximizer（オfandPIAyerIIis  

theminimizer・ThestartegyspacesofPlayerIandPlayerIIcanbe9XpreSSedby2Uand∑  
respectively．（f；2U，∑）・isatwo－perSOnZercLSumgame．ThemiⅩedexte 

notedby（f；P，Q）wherep 

． 

0forallJ∈∑・Ftwp∈Pandq∈Q，Wedefinef（p，q）＝∑sg2Lノ，。。∑f（S，0－）p（S）q（cT）・  

3．TheWheel  

WesoIvethetwo－perSOngameWhenQ（U）is，Whatiscalled，thewheel，i・e・，7；＝，（1，j）foral1  

J±2，…，m弧qぴ－1≡U＼（1），弧d  

Q（U）＝■（筑，…，㍍，U＿1）・  

Theorem3．1．Anq）timalstrategyofPl年yerIis：  

p（（1））＝p（リー1）＝宏之弧dp（ち）＝p（U＼ち）＝ポ巧brallj；  

p（β）＝Ofbrdlotherg．  〈   

Anq）timalstrategyforPlayerIIis：  

q（1i2；…，in）＝孟，  foranyPermutationi2，・・・，in of 2，‥・，n；  
q（il，∴．，in＿1，1）▲＝Zij foranyPermutationil，．．．，in＿1d 2，．．．，n．                    Tl！  

〈  

Thevaluecdthegameis：n－1＋孟・  
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