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1Introduction   

Convertiblebondsormoregenera11yequity－1inkedse－  
CuritieshavegreatlyevoIvedinthepastdecade．Con－  
Vertible bondsare hybridsecuritiesissued by afirm  
Where the holder has the right to convert the bond  
intothecommonstocksofthefirmaccordingtopre－  

SpeCifiedconditions．An essentialfeature ofordinary  
convertible bonds is that they may be converted at 

anytimeuntilapre－SpeCi丘edmaturitydateintostocks  
at a pre－SpeCified ratio，i．e．，a丘Ⅹed conversion rtl－  

tio．Inrecentyears，however，Variousconvertiblebonds  
havebeenissuedwithadditionalconversionprovisions．  

Amongothers，SOmeJapaneSebankconvertibleshave  
aresetclausewherebytheconversionratioisadjusted  
upwards，Oreq111Valently，theconversionprlCeadjusted  
downwardsifthe underlyingstockpricedoesnotex－  
Ceedpre－SpeCifiedtriggerprlCeS．   

ThepriceofanyCOnVertiblebonds（叱B）canbep－  
PrOXimateLyviewedasasumofvaluesofanotherwISe  
identicalnon－COnVertiblebond（鴨B）plusanembed－  

ded option to convert the bond into the underlying 

StOCk（Vbo）．Ingeneral，thesetwocomponentsinter－  

actwitheachotherandsoprovetodi侃culttoseparate．  
However，insomesituations，theembeddedoptioncan  

be separated andeasily valued．A separable caseis，  
brexample，thattheconvertiblebondisnon－Callable  

andnon－COnVertibleuntilmaturity．Asabasic丘ame－  
WOrkbrprlClng，WeuSethebondplusopti9nValuation  
Whetherornottheunderlyingstockhascreditriskof  
theissuer．Weprinclpa11yfocusOn theprlCe Ofcon－  
VerSionoption，WhichisessentialinanalyzingthcprlCe  

Of convertible bonds under the constantinterest－rate  

assumption．  

timetandassumeageometricBrownianmotionmodel  

d坑＝gt（rd亡＋JdⅣt）， 0≦去≦r．（1）  

Theinterestrater，thevolatilityqandthematurity  

Toftheconvertiblebondareassumedtobepositive  

COnStantS・TheprocessW≡（l机；0≦i≦T）isthe  
StandardBrownianmotionprocessunderaprobability  

measurePwhichisrisk－neutTd，i．e．，ischosensothat  

thestockhasmeanrateofreturnr．   

LetK（＞0）bethe ori9inalconversionprice，and  

letT（∈（0，T））betheresettime．Then，theactual  

COnVerSionpriceoftheresetconvertibleischangedto  

aSTifST＜K／afor 
． 

Assumethattheconvertiblebondreceive＄aCOupOn  

OfamountC（＞0）attime71（i＝1，…，n）where  

O＜7l＜T2＜‥・＜7L≦T．Fbrthestraightbond  

Valuel勺B，Weimmediatelyhavel勺B＝C∑た1e一雄＋  

Be－rT・Ontheotherhand，fortheconversionoption  

pricelも0，Wehave   

TheoremlLet叱obetheconversionoptionvalueqf  
兢e c代d古土－わβ抜ββ，れ0乃－00〃α鋸e，CO†lγerf哀別eあ0†ld血統  

彷er℃βefc血βeαf‡盲mef＝0・me乃′  

陀0＝go（◎軒トαe‾ー（叫畔））◎（－dJ）   

・£′瑚（恥一丁T◎（舶）ey  

－∬eTrr叩；（y）））拍）砲， （2）  

ぴんe柁◎（・）由兢ec〃げ兢eβね乃血相れOmαJd由fわあ祝一  

如乃，i．e．，♪r訂∈R  

坤）＝エ¢肋血統㈲＝去e一昔，  
2 Exact Analysis of Credit－Riskless  

Convertible Bonds   

Fbr a class of non－Callable convertible bonds with the  

resetclause，Wefir＄tCOnSideraspecialcasesuchthat  

theissuer has nocredit risk．Under the assumptions  
Ofnodividendsontheunderlyingstockandtheflat  

termstruCtureOftherisk－freeinterestrate，nOCOnVer－  

Sionoccurspriortomaもurity．Assumethatthecapital  

marketis we11－defined and fo1lowst，he e丘icient market  

hypothesis．LetStdenotetheunderlyingstockpriceat  

封－（r一書J2）T  

鞠）＝右¢（   J、斤  
αれd鮎匹mme血dJ，d要肌dd紬）αredq伽dあy  

与J2）丁  1n（αgo／∬）＋（r＋   

†  

－1n…舶＿T）  
J、β㌻＝了   

，  

1n（β0／∬）＋（γ土与J2）（r一丁）  y＋  

J、β丁＝了  
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托Settimeで   

Figurel：Conversion OptionValue＄OfCredit－Risky  
Reset Convertible Bonds   

3 SimulationAnalysis ofCredit－Risky  

Convertible Bonds  

WeuseMonteCarlosimulationtoanalyzefeatures  

Ofthe credit－risky and non－Cal1able convertible bond  

Withthereset clause．Thefirst stepinMonteCarlo  

Simulationistogeneratesamplepathsoftheprocess  

S≡（St；0≦t≦T）．LetNbethetotalnumbcrof  

SamplepathsandletMbethenumberoftimesteps  

inthefollowingdiscrete－timeversionof（1）：  

g‘j＝筑，j＿1（1＋r△t＋J伺ゴ），  （3）  

brブ＝1，・・・，〟，i＝1，…，Ⅳ，Wbere△‘＝r／〟  

andSijisthesimulatedstockpriceattimetj≡j△t  
（j＝0，…，M）inthei－thsamplepathstartingftom  

SiO＝So（i＝1，・‥，N）・Thevariables（iij）areiid  

standard normalrandomn11mbers．   

Asacredit－riskdynamics，aSSumethatdefaultsmay  

OCCurdependingonthestockpriceatthattime．More  
SpeCi丘cally，aSSumethattheiss11erdefaultsduringthe  

timeinterval【tj－1，tj）with probability入（Si，j－1）△t  

glVen thatit survives untiltime tj－1＜T，Where  

入（St）≧ Ois theinstantaneous default rate．Fbr  

thcca＄ethat入（・）isindependent ofS，thisassump－  

tion clearlyimplies that the time ofdefAult，Say D，  

is exponentially distributed with parameter入，i．e．，  

叫p＞り＝e‾人毛brt≧0．   

Tbcomputetheconversionoptionvalue，Weadopt  

theGrant－Vora－Week（GVW）method【1】．   

Figurelrespectivelyillustrates simulation results  
for theconversion option valueembeddedin a risky  

COnVertible bond withthereset clause，Wherea＝1，  

T ＝ 5and K ＝1100．Assume Sb ＝1000and  
q＝0．3for theunderlying stock，and r＝0．02払r  

the risk－freeinterest rate．VVe used t，he constant，de＿  

faultratesatisfyingP（D＞T）＝e‾入T＝0．93，i，e．，  

入＝－ln（0．93）／5母0．0145．Tbcomputethelocusof  

CriticalpricesinthemodifiedGVWmethod，WeuSed  
M＝50and N＝500，000，tOgetherwithastandard  

1  2  3  4  5  

n駕妃tbln¢て  

Figure2：ConversionProbabilitiesofCredit－RiskyRe－  

Set ConvertibleBonds  

antitheticvarianCe reductiontechniqueofcouplinga  

palrOfsamplepaths．   

Figurclalso＄howstwocurvesindicatingl七o and  
P（D＞T）ttoforthecredit－risklesscomvertiblebond  
Withthesameparameters．   
WesecfromFigurelthatthesimulationresultsare  
locatcdbetweenthesetwocurves，Whichcertainlyjusti－  

fiesthetheoreticalresultthattheproportionalimpact  

OfdefaultriskonthepriceofanAmericanoptionis  

lessthanthatforasimilarEuropeanoption．Asinthe  
risklesscases，thebond－holdercaneXpeCthighreturnS  

Whenthcre＄ettimeisintheformerhalfofthetrading  
interval．   

Figure2illustratestheconversionprobabilitiesofa  

riskyconvertiblebondwiththeresetclauseaSafunc－  
tionofther尊ettimeT，tqSmOOthingsimulationre－  

Sults・Takingaccountfortheriskpremiumofthestock，  

WeaSSumedinsteadof（1）thattheprocessSisgov－  
ernedbythestochasticdifferentialequation  

dg£＝gt（〃df＋Jd砺）， 0≦f≦℃ （4）  

WherミP（＞r）isthereturnrateoftheunderlyingstock  

andW≡（砺；0≦t≦T）isa炒－BrownianmOtion  

foraprobabilitymeasurePin therealworld．Ftom  
Figure2，WeSeethattheconversionprobabilityisa  

non－decreaslngfunctionofT，i．e．，thelaterthereset  

time，thchighertheconversionprobability．Thisim－  

mediatelymeansthatthebestresettimefortheissuer  
isT＝T・Combiningthisfactwiththeprefbrenceof  
the holder，We Can COnClude that there existsin the  
latterhalfofthetradingintervalanoptimalresettime  

forbothinvest，OrSandtheis＄uer．  
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