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AN OPTIMAL HOSTAGERESCUE PROBLEM  
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Fbrconvenience，1etuscal1themodelwiththeformer  

objectivefunctionthee叩eCtationmodel，andtheone  

withthelaterobjectivefunctiontheprobabiLitymodeL・  

3 Definition  
Fbrsimplicity，byAandWletusdenotethedecisions  
of，reSpeCtively，“attemptingarescue’’and“waiting  

uptothenextpointin timeM・Ifthedecisionsare  
optimalataglVenpOintintimet，letusemploythe  
symboIsAtandWt，andifA土andWtareindi鮎rent，1et  

ususethesymboIAt～Wt．Further，ifthedecisions  

areoptimalforalltimest≧1，WeuSeA亡＞1andW亡＞1・  
N。W，1。th（mli）betheprobabilityomhostages  

beingkilledamOngihostagesifarescueattemptis  
made（x＝1），givenby  

1 Introduction 
Althoughnotal1theinformationisavai1ableforaccu－  

ratestatistics，itcouldbesaidthatdi鮎renthostage  

scenarios continueto occurallover the world．The  

mostimportantdecisionforthepersoninchargeofa  
crisissettlementisthetimingtoenactrescueofthe  
hostages，eSpeCiallyafteral1possiblenegotiationshave  
broken down．Thepurposeofthis paperis to pro－  

posetwotypesofmathematicalmodelsofanOptimal  
hostagerescueproblembyuslngtheconceptofase－  

quentialstochasticdecisionproces8eSandexaminethe  
propertiesofoptimalresculngrules・   

2 Models  

Considerthefo1lowingsequentialstochasticdecision  
processwithafiniteplannlnghorizon・Here，forcon－  

venience，1et pointsin timebenumbered ba・Ckward  

fromthefinalpointintimeoftheplanninghorizon，  
timeO，aSO，1，…，andsoon・Letthetimeinterval  

betweentwosuccessivepoints，S叩timestandt－1，  

becal1edtheperiodt・Here，aSSumethattimeOis  

thedeadlineatwhicharescueattemptisconsidered  
aBtheonlycourseofactionforsomereason，Say，the  

hostage，shealthcondition，thedegreeofcriminaldes－  

peration，andsoon・   

Supposei≧1personsaretakenashostagesata  
glVenpOintintimet，andwehavetomakeadecision  

onattemptingeitherrescueornorescue・Letrdenote  

adecisionvariableofacertainpointintimetwhere  
3＝Oifnorescueisattemptedandx＝1ifarescueis  
attempted，andXtdenotethesetofpossibledecisions  

oftimet，i．e．，Xt＝（0，1）fort≧1andXo＝（1）・   

Letp（0＜p＜1）betheprobabilityofahostage  
beingki11edifx＝1，andlets（0≦s＜1）bethe  

probabilityofcriminal（s）surrenderinguptothenext  

pointintimeifx＝0，further，letqandr（0＜q＜  

1，0≦r＜1，andO＜q＋r＜1）betheprobabilities  

ofahostagebeing，reSpeCtively，killedandsetfreeup  

tothenextpointintimeifx＝0andcriminal（s）not  

surrendering・Inthispaperweconsiderthefo1lowlng  

twodi鮎rentobjectivefunctions：  

1．Theexpectednumberofhostageskilled，Whichis  

tobeminimized．   

2・TheprobabilityofnohostagebeingkilledIWhich  

istobemaximized．  

‘．；，ノ  
pm（1－p）卜m，i≧1，0≦m≦壷・  ふ（叫壷）＝  

Letfふ，（k，e［i）betheprobabilityofkhostaざeSbeing  

killedandehostagesbeingsetfreeamongihostagesif  
arescueattemptisnotmade（x＝0）andcriminal（s）  

doesnotsurrenderuptothenextpointintime，glVen  

by  

9たr‘（1－q－r）トト‘，  

i≧1，0≦た＋g＜i．  

ん（た，印）＝  
た！g！（豆－た－g）！  

Further，let  

z＝9＋（1一寸－r）p  

whereO＜z＜1duetotheassumptionsofp，qandr・  

4 Expectation Model 
ByA（i）letusdenotetheexpectednumberofhostages  

beingkilledwhenihostagesaretaken，prOVidedthat  
arescueattemptismade（x＝1）atanytimet・Then，  
Clearly  

l  

A（豆）＝∑mふ（mli）＝豆p，豆≧1・  
m＝O  

Now，letvt（i）betheminimumexpectednumberof  

hostagesbeingkilled，Startingfromtimet≧Owithi  
hostages，eXpreSSedas  

uo（五）＝A（五），  五≧1，  

叫（五）＝min（A（電），Ⅵ1（盲）），壱≧1，f≧1，  

where Wt（i）is the minimum expected number of  

hostagesbeingki11edovertheperiodfromtimettoO  
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Table6．1：SummaryofOptimalDecisionRules  

ExpectationModel   ProbabilityModel  

β≧0，i＞1   β＝0   i＝1   β＞0，i＞2   

p＜（1－β）z   At＞1   A亡＞1   At＞1   i＜豆●＝＞At＞1  
f＞盲●⇒V亡；1  

p＝（1－β）z   At＞1～V亡＞1   At＞1～Vt＞1   At＞1～仇＞1   V亡＞1  

p＞（1－8）z   Vt≧1   V亡≧l   V亡≧1   Vt≧1   

ifnorescueattemptismade（x＝0）．Notingk＋e≦i，  

WeCaneXpreSSW亡（i）as  

勒（i）＝（1－5）∑（た＋恥1（電－た－g））ん（た，gli），  
…＜i  

豆≧1，f＞1．  

Now，let  

Ⅵ（豆）＝Ⅳ亡（i）－A（査），i≧1，f＞1．  

Then，theoptimaldecisionru1ebestatedasfollows：  

（a）ⅡⅥ（五）＞0，thenAい  

（b）If11（i）＝0，thenAt～Wt．  

（c）Ifl；（i）＜0，thenVt．   

5 Probability Model 
ByA（i）let usdenotetheprobabilityofnohostage  
beingkilledifarescueattemptismade（T＝1）at  
anytimet．Then  

A（慮）＝ん（叫）＝（1－p）i，i＞1．  

Now，let vt（i）be the maximum proba．bility of no  

hostage beingki11ed，Startingfrom time t≧Owith  

ihosta，geS，eXpreSSedas  

叫（哀）＝A（五），  豆≧1，  

机（豆）＝maX（A（豆），Ⅳi（盲）），i≧1，f≧1，  

WhereWt（i）isthemaximunprobabilityofnohostage  
being killed over the period ftom time t to Oifno  

rescueattemptismade（x＝0）．Notingk＋e≦i，We  

CaneXpreSSl仇（i）as  
i－1  

瑚）＝‥（山中＋∑ん（0，gli）恥1（恵一叶  

notedin Table6．1that   

lAt＞1meanSthatitisoptimaltoattemptares－  
Cueatthetimethehostageeventoccursandis  

detected，andWt＞1meanSthatitisoptimalto  

Waituptothedeadlineandattemptarescueat  
that time．   

2Letp＜（1－S）z・ThenAc≧1eXCepttheproba－  

bilitymodelwiths＞Oandi≧2．   
3Letp＝（1－S）2：・ThenAt≧1～Wt≧1eXCeptthe  

probabilitymodelwithβ≧0andi≧2．   
4Letp＞（1－S）z・ThenWt≧1forbothmodels・   

5IfempolyingWt＞1WhenAt＞1～Wt＞1，itfo1lows   
thatifp≦（1－S）z，thenWt≧1for云othmodels．   
6Intheprobabilitymodelwithp＜（1－S）z，S＞O  
andi≧2，there exists a t－independenti＋＞  

2，andthedecisionismadeasinthefollowlng  

SCenario：Ifthenumberofhostagesi＜i■are  
takenatthetimewhenthehostageeventoccurs，   

immediatelyattemptarescue，andifi≧i．，Wait  

up to the time when the number ofhostages  

decreasesbyi＋（i．e．，i＜i．）eitherduetothe  

hctthattheyarekilledorreleasedwithtime，  

andattemptarescue・Here，thei．isglVenbya   

isatisfyingthefo1lowlngtWOinequalities．  

（1－p）ト1＞β＋（1－β）（1一之）ト1，  

（1－p）i≦β＋（1－β）（1－Z）i．  

B・Ingeneral，an Optimaldecisionruleofasequen－   

tialdecisionprocessdependsontimet．However，   

asseeninTable6・1，OneOfthemostm叫OrCOn－   

Clusionsofthispaperisthattheoptimaldecision   

ruleisindependentoftimet．Thisimpliesthatit   

isoptimaltobehavealwaysasqonlyasinglepe－   

riodofplannlnghorizonremains，i．e．，aBifthenext   

pointintimeisadeadline・Usual1y，thisproperty   

iscal1edamyopicproperty．   
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‘＝0  

豆≧1，f＞1．  

Now，define  

佑（豆）＝Ⅳl（i）－A（盲），五≧1，亡≧1．  

Then，theoptimaldecisionrulebestatedasfo1lows：  

（a）IfⅥ（豆）＜0，thenAい  

（b）I「佑（i）＝0，tbenA亡～仇．  

（c）Iflち（壱）＞0，tbenVト   

6 SummaryofConclusions  

A．WecaneVentual1ysummarizetheoptimaldecision   

rulesforbothmodelsasinTable6．1．Itshouldbe  
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