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1．Introduction．   

LetusimaglneaSyStemWhichcanberegardedasanetwork，Whenwemustfindsome  

partswhichcausethebreakdownofthesystem，Orinabuilding，Whenwemustpatroland  

findsomeonewhichthreatensthesecurity．Inthesecaseswemustdecidehowtomoveand  

examineinordertofindtheobjectwithlesstimeandcost．Thisproblemismodeledasa  

searchproblemonafinitegraph，inwhichthenodesareexaminedandtheseekermoves  

alongtheedges．   

Thepurposeofthisreportistoanalyzesearchproblemswithtravelingcostonafinite  

graph，basedontheminimaxdecisionrule，Whenthegraphisacyclicgraph・Wemodelthe  

problemasagamebetweenthehiderandtheseeker・  

2．The Modeland Notation．   

A（undirected）gruphisanorderedpair（町E）inwhichvisa丘nitesetofTWdes，1abeled  

fromoton，andEisafinitesetofpairsofnodes，（i，j），Cal1ed ed9eS．Thus，V≡（0，1，．．，n）  

and Eis asubset of（（i，j）：i，j∈V）・If（i，j）∈E，WeSayiandj are a4jacentnodes・A  

Pathbetweenioandisisanordered（s＋1）－tuple7T＝（io，il，．．．，is）suchthat（i，Ll，i，）∈Ebr  

r＝1，．．．，S．Eachedge（i，j）∈Eisassociatedwithapositiverealnumberd（i，j）＞0，Calledthe  

Wei9htof（i，j）∈E．Thelen9thofapathisthesumoftheweightsoftheedgesinthepath．If  

i，j∈Vand（i，j）≠E，Wedefined（i，j）bytheminimumofthelengthesofthepathesbetween  

五andj．   

InthisreportweassumeG＝（ViE）isacyclicgraph，thatis，foro＜i＜n，iisadjacent  

Onlytoi－1andi＋1，andnisadjacenttoOandn－1．   

Playerl（calledthehider）hidesanチOngOneOfallnodesexceptforthenodeo，andstays  

there・Player2（calledtheseeker）exa㌣1neSeaChnodeuntilhefindsthehider，traVelingalong  

edges．Ⅵ屯assumethatatthebeginnlngOfthesearchtheseekerisato，andthathechooses  

apathwhichminimizesthelengthbetweeniandjwhen（i，j）≠Eandheexaminesiafter  

havingexaminedj・Associatedwiththeexaminationofi（1≦チ≦可istheexaminationcost  
thatconsistsoftw？partS‥（i）atravelingcost 

． 

d（豆，J）＝1brall（豆，J）∈且  
（1）   

Thereisnotaprobabilityofoverlookingthehider，glVenthattherightnodeisexamined．  

Forconvenienceweletd（i，i）＝0fora11i∈V・Beforesearching（hidingresp・），theseeker（the  

hider）mustdetermineastrategysoastomakethecostoffindingthehiderassmall（1arge  
resp・）aspossible・   

A（pure）strutegyforthehiderisexpressedbyanelement，Sayi，Ofv＼（0），Whichmeans  

thehiderdeterminesonhidingini・Let∑bethesetofallpermutationsonv＼（0）．Astrategy  

fortheseekerisanelementcTin∑，WhichmeanstheseekerexaminesJ（1），．．．，J（n）inthis   
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order．FbrconvenienceweletcT（n＋1）＝CT（0）＝0．Wedefineo－＊∈∑bycr＊（i）＝ihralli∈V＼（0）・  

ForanycT∈∑，rCT∈∑isdefinedbyrcT（i）＝CT（n－i＋1）fori∈V＼（0）・   

Fbrastrategypair（i，CT）∈V＼（0）×∑，thecostoffindingthehider，Writtenasf（i，CT），is：  

J‾1（i）  

葎，J）＝∑（d（巾），J（ご一－1））＋c（巾）））・  （2）  

、r＝1  

Lettingpayoffsforthehider andtheseekerbef（i，J）and－f（i，J）respectively，Wehavea  
two－perSOnZerO－Sum（finite）game（tW，Where6＝（c（1），・・・，C（？））・Wedenotethevalueofthis  

gamebyv…V（E）…V（VW．ThenweconsiderthemixedextenslOnOfthegameinausualway・  

p＝（p（1），…，P（n））isa（mixed）strategyofthehider，Wherep（i）istheprobabilitythatthe  

hiderchoosesi∈V＼（0）．q＝（q（J））isastrategyoftheseeker，Whereq（cT）istheI）rObability  

that the seeker chooses cT∈∑．P and Q are strategy spaces ofthe hider and the seeker  

respectively．Thus，brp∈Pandq∈Q，  

m  

∑p（豆）＝1，p（豆）≧Oforall豆∈V＼（0），and∑ヴ（打）＝1，q（J）≧OforallJ∈∑・  （3）  

i＝1 J∈∑  

For（p，q）∈PxQ，f（p，q）istheexpectedcostoffindingthehider・For（町みP（E）andQ（可are  

thesetsofoptimalstrategiesofPlayersland2respectively．Letb（i）≡1＋c（i）払ri＝1，…，n．  

b（i）isthesumofthetravelingcostandthecostofexaminingthenodei・Thisquantityis  
frequentlymoreconvenientinanalysisratherthanc（i）．  

3．Results．  

Theoreml．Assumeb（i）＝ki‾1b（1）foralli∈V＼（0）andfork＞0．Thevalueofthegameis：  

哺＝黒岩たエー1  
ご＝1  

Anoptimalstrategyofthehideris：P＊（i）＝ 
∑言コ 

bri＝1，・‥，n・Anoptimalstrategyof  

theseekerisq＊suchthatq＊（cr＊）＝羞，q＊（rJ＊）＝志andq＊（J）＝OforcT≠J＊，rCT＊・  
Corollary2・Assumec（i）＝C＞Oforalli∈V＼（0）・Thevalueofthegameis誓（1＋c）・An  
Optimalstrategyofthehiderisp＊＝（烹，・・・，ま）・Anoptimalstratgeyoftheseekerisq＊such  

that9＊（け＊）＝q＊（rJり＝喜andq＊（J）＝OforJ≠J＊，γJ＊・  

Theorem3．Fbragame（t（司，aSSumep∈P（E）・Thenp（i）＞Oforalli∈V＼（0）．  

Theorem4・Foragame（VE），aSSumec（i）＝C＞Obralli∈V＼（0）・Ifq∈Q（E），thenq（J）＝0  

払rα≠J＊，rJ＊．  

Theorem5・Foragame（tlE），SuppOSeq∈Q（E）・Ifq（J）＞OandJ≠cT＊，rJ＊，thenq（rJ）＝0．  
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