
1－C一皿1  2000年度日本オペレーションズ・リサーチ学会  

春季研究発表会  

NⅧme『五ca孔Ⅴあ鳳Ⅷa七五①皿①『aSw弛c肋edⅨm①地0血のp也五om  

02502201 北海道大学  

01且0538且 北海道大学   

乱 Im屯『①d皿C七鼠①m   

R）raVanillaEuropeanoption，thepayoffat  

exercisecanbedeterminedbythespotprlCe  

Oftheunderlyingasset，independentlyonits  

pasthistoryinthetradinginterval．Theso－  

Called e∬Oticorpath－dependent optionshave  
Valuesthatdependonthehistoryoftheasset  

priceinsomenon－もrivialway．Amongvarious  

exoticoptions，We払cusonaknockoutoption  

Withanincompleteboundaryinthispaper．   

Knockout options are contingent claims  

Whoseright toexerciseisnu11i丘edwhenthe  
undelyingassetvaluecrossesacertainvalue．  

Thesetofthosevaluesoverthetradinginter－  

Valiscalledaknockoutboundary．Knockout  

Optionsareclassifiedaseitherup－and－OutOr  
down－and－Ouioptionsbytherelativeposi七ion  

betweeninitialvaluesoftheassetprlCeand  

theknockoutboundary・Ofcourse，theyare  

Classifiedintotwobasictypes，i．e．，Callorput．  

Hence，therearetotallyfourdifftrenttypesin  

kl10Ckoutoptions．   

A1lofpreviousresultsofknockoutoptions  

（e．9・，【3，4】）arebasedonacommonassump－  

tionthattheknockoutboundaryexistsinthe  

Wholetradinginterval丘ominitialtimetoma－  
turity．In this paper，however，We COnSider  

anincompleteknockoutboundarythatexists  

Onlyin acertain part ofthe tradinginter－  

Val・Inotherwords，thereisatoggledswitch  

in theknockout boundary；thisoptionise－  
quivalenttoavani11aoranordinaryknock－  

outoptionaccordingastheswitchlisqgor  
On・Hence，WeCa11itaswitchedknockoutop－  

tioninthispaper．Obviously，thevanillaand  

Ordinaryknockoutoptionsarespecialcasesof  

OurSwitchedknockoutoption．   
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COnCernedwiththeanalysisoftheup－and－Out  
Ca11typeandweomital1figuresinSection3；  

See．HanadaandKimura［2】fordetails．  
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WeusethesameaBSumptionsasthoseinthe  

Black－Scholesmodel【1】except払rknockout  
boundaries：Assume that the capitalmar－  
ketis well－de丘ned andfo1lows the e氏cien＿  

七market hypothesis・Let S（t）denote七he  
underl女ing asset price at timelandlet T  
（≧0）be the maturity．Then，the process  

（S（t）；0≦t≦T）satisfiesthestochasticd－  

i鮎rentialequation  

空塑  

g（f）  

＝βd壬＋JdⅣ（f），0≦f≦r，（1）  

WhereFL（q）isthedrift（volatility）ofthepro－  

CeSSS（・）andristherisk－freeinterestrate，all  

Ofwhicharea5Sumedtobepositiveconstants．  

In（1），（W（t）；0≦t≦T）isthestandard  

Brownianmotionprocess・AIso，aSSumethat  

theoptionpricewrittenonS（t），SayV，isa  

functionofS（t）andt，i・e・，V≡V（S（t），t）for  

S（t）＞OandO≦t≦T．鉦ointheseassump－  

tionsandIt6，slemma，Wehave thepartial  

di鮎rentialequation［1】  

∂2v（坤），り．＿」。′．、∂Ⅴ（叩），り  
㌔叩2   

∂坤）2 ■■）＼＞ノ  
∂坤）  

∂V（坤吊）  
ーγⅤ（∫（fい）＋   ＝0・ （2）   

飢  

Fbravanillacalloptionwiththeexercise  

priceK（＞0），theoptionpriceVsatisfiesthe  

t．erminate condit，ion  

V（g（r），ナ）＝maX（β（丁ト〝，0），（3）  
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togetherwiththeboundaryconditions  1atterpartofthetradingintervalforhedging  

riskinfuture．Inthissense，SWitchedknock－  

Out Options withlatter－part boundaries can  

be attractive alternativestothe vanillaop－  

tion．Anot．her marked di鮎renceis thevalue  

ofeachoptionpricewhens（0）≧B＝180．  

Thatis，theoptionprlCeSforthelatter－part  

CaSeShavepositivevalues，ふhilethoseforthe  

former－partCaSeSarealwaysO．   

Tb see the e鮎cts ofvolatility to option  

prlCeS，We COmpute the prlCeS Of switched  

knockoutoptionswithq＝0・2，0・3，0・4・Fig－  

ワreS3and4i11ustratethecurvesofV（S（0），0）  

as afunction S（0）when Ln ＝［0．5，1】  

and Ln ＝［0，0・5］，reSpeCtively．Fbr the  

Vani11a option，itis wellknown that the  

priceismonotonouslyincreaslngWithq，i．e．，  

∂り∂q＞0for allq＞0．However，We  

Seeh・OmFigures3and4thatthis property  
doesnotholdforswitchedknockoutoptions：  

Roughlyspeaking，for 

When S（0）＜＜Kand∂V／∂J＜ O when  
S（0）＞＞K．Thisresultindicatesthatapew  

SChemefor risk hedging should beinvented  

forswitchedknockoutoptions．   
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V（ど，f）  
1im  ＝1，  
芦品ど－∬e－r（r－t）  

Ⅴ（掴＝0・  

Fbr a switched knockout option，however，  

these boundary conditions should be modi－  

fied asfo1lows：Let Ln be the set oftime  

intervalswherethenullifiedswitchison，and  

letヱムtf≡【0，T］＼毛h・LetB（t）bethevalue  

Ofknockoutboundaryattimetandassume  

thatB（t）＞0fort∈【0，T】・Then，forthe  

up－and－OutCa11type，theboundarycondition－  

sshouldbe  

V（∈，f）  
＝1，f∈ヱム飢   1im  

芦品モー〝e‾r（r‾t）  

V（∈，f）＝0，（∈，り∈［β（f），∞）×毛n，（6）   
Ⅴ（い）＝0，0≦f≦r・  

3 GeneralPropertiess 

Figuresland2i11ustrate the curvesofthe  

up－and－Out Callprice V（S（0），0）as afunc－  

tionbfS（0）forseveralknockoutboundaries，  

wheretheintervals毛n＝¢（i．e．emptyset）  

andLn＝【0，1】areaddedforcomparison－  

s，Which repregent the vanilla and ordinary  

knockout options，reSpeCtively．Clearly，the  

prlCeSOftheseextremecasesglVeuPperand  

lowerboundsfor Voftheswitchedknockout  

Options．In Figurel，the knockout．bound－  

ariesexistinlatter parts ofthe tradingln－  

terval，WhereasinFigure2theyexistinfbr－  

mer parts．From thesefigures，WeSee that  

thereareslgnificantdi鮎rencesbetweenthese  
twocases：Theoptionpricesfortheformer－  

part cases are higher and more sensitive to  

thelength ofヱムn than thosefor thelatter－  

part cases．No doubt，this resultis due to  

theassumptionthattheprocessS（・）fo1lows  

ageometricBrownianmotionwithcontinu－  

OuS Sample paths．In actualmarkets，itis  

reasonabletoplaceaknockoutboundaryata  
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