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Ⅰ．Introduction   

Inthispaper，WereStrictourattentiontothe  

gelleralone－factortermstructuremodel  

（1） dr＝α（f）（紳）－・γ）df＋J（γ，りdβ  

Whereristheshortrate，BistheWienerpro－  

CeSS under arisk－neutralprobability measure，  

and¢，aandcrarenonnegativefunctions．The  

interestrateprocessisMarkovandpossessesthe  

mean－reVerting property・The model（1）was  
COnSideredbyHulland White（1993）where a  
generalnumericalprocedureispresentedinvolv－  

1ngthellSeOftrinomialtreessothatthemodel  

is consistent withinitialmarket data．   

Thepurposeofthispaperistodevelopan11－  

mericalprocedurefbrconstructingatrinomial  

treeassociatedwiththegeneralone－factorterm  

StruCturemOdel（1）・Itcoversnotonlymodels  

thathave beensuggestedintheliteraturebut  

alsonewmodelstobedeveloped．AsH1111and  

Wllite（1993）noted，itisimportanttobeable  

totesttheeff6ctofawiderangeofdiffbrentas－  

SumPtionsbythesameprocedure，becausethere  

isnogeneralagreementonwhichsetofassump－  

tionsis best．   

ⅠⅠ．The GeneralOne－FactorInterest  

Rate Model  

ThetrinomialtreedevelopedbyKijimaand  

Nagayama［3】canbeextendedtothetreeasso－  
Ciatedwiththegeneralone－factorinterestrate  

model（1），although［3】donotmentionexplic－  

itly．Wedefine  

（2）ゐ（り＝－α（りご（f）df＋∂（ェ（り，f）d且  

Supposer（i）＝0（l）＋3：（t）・ThefunctionO（t）is  

Cal1edthesh埴舟nctiorL ThenO（0）＝r（0）and，  

from（2），Wehave  

dr ＝（β′（f）＋α（りβ（f）－α（f）r）df＋∂（ご，f）d且  

TherefbreO（l）mustsatisfy   

（3）βや）＋α（f）坤）＝α（榊（t），0≦f≦r．   

and6mustsatisfy   

（4）  ∂（坤），り＝α（‡（り＋β（けり．  

Wediscretize thetimeparameteriin terms  

Of△壬＝r／凡Letヱれ＝∬（乃△り，αれ＝α（机M）  

andOn＝0（n△t）・Let△rn＝Xn＋1－Xn．Ap－  

PrOXimationof（2）isgivenby   

（5）△諾れ＝－αれ∬れ△ま＋J（ご几＋βm，れ△り△軌，   

WhereBn＝B（n△l）and△Bn＝Bn＋1－Bn．  

Rewriting（5）yields   

ヱ叫1＝（1－αれ△f）ごれ＋J（ごn＋β乃，几△り△仇．  

Letβo be apositivenumber and define the  
SequenCe（βn）by   

Tl  

（6）βれ＝β几－1（トαれ△り＝β0口（トαた△り・  

た＝1   

S11PPOSethatmovementsofthediscretizedstochas－  

ticprocess（xn）fo1low  

（1－αれ△り〇n＋βれW山九prob・p（乃）  

（1－αれ△f）〇几   Withprob．1－2p（乃）  

（1qan△i）xn－βn withprob．p（n）  

（7）   

Wheretheprobabilityp（n，Xn）isdeterminedso  

a9tO Satisfythe variance condition・Namely，  

Sinceq（xn＋On，n△l）△Bnhasvarianceq2（xn＋  

On，n△i）△t，WemuSthave  

J（∬n十βれ，花△f）  （8）p（花，エれ）＝去  △f．   
β几  
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Ofcourse，0≦p（n，Xn）≦foral1乃≦N・T鮎s  

restrictionis satisfied asfaras  

（9）  βn≧中れ＋βれ，几△f）√扇・  

Note that the tree representing movements of  

（xn）is recombining・Thisiseasilyseenfrom  
（7）usinganind11Ctionargument・Thevaluesof  

xnconsistof（jβn－1，－n≦j≦n）・   

Theproced11redescribedabovehastwomain  

defectsinthegeneralframeWOrk・TheRrstone  
isthedi伍cultyofdeterminingthesequence（βn）  

in（6）that must satisfy（9）・Ifthe volatility  

function gisuniformly bounded and the se－  

quences（an）and（On）aregiven，thismaybe  

resoIvedbychoosingβoappropriately．However，  

inthegeneralframework，itisnotalwayspos－  

sibletofindsuch（βn）．Thesecondp；oblemis  

thatthehighestnodeinthetreepossiblynon－  

1nCreaSeSln n）1・e・）  

（10）  呵㌔－1≧（乃＋1）乱  

forsomen＜N・Ifthishappens，thegeometry  

Ofthetree shrinks as timegoes by・Itisthen  
imaginedthat theapproximationbasedon（7）  
CannOtbegood．  

ⅠⅠⅠ・TheProposedProcedure   

Wedefine（n，j）asthenodeforwhichl＝n△i  

andxn＝jβn－1，anddenoteby3＝n，j thevalue  

Ofx at node（n，j）・Sincethe distributionsof  

△Bnin（5）arethesame，thehigherthevolatil－  

ity，thebiggerthemovementofx．Inorderto  

takethis factinto consideration，Weintroduce  

apositiveinteger－Valuedfunctionp，Cal1edthe  

StePSize♪‘nCtion，thatdeterminesthemultiples  

Ofβ・Supposethesequence（Pn）isdetermined  

accordingto（6）andis允ⅩCd・Weassumethat  

movementsofthediscretizedprocess（xn）fbl－  
low  

Wherep（n，j）andp（n，j）aredeterminedsoas  

tosatisfythevarianCeCOndition・Namely，  

（12）勅）＝去（  
J（諾n，メ＋βれ，乃△f）  

？（乃，ヱれ，J）βれ  

see（8）・BecauseO≦p（n，j）≦芸，Wehave  

申町J＋βn，几△りノ扇  
（13）p（乃，ブ）≧   

βれ  
’  

Whichrevealsthefactthatthehigherthevolatil－  

ity the bigger the value ofp．Once pis de－  

termined，the branChing probability p（n，j）is  

given by（12）・Since（1－an△l）xn．j＝jβn，  

theassumption（11）impliesthatthenode（n，j）  

branchestothenodes（n＋1，j＋p（n，j）），（n＋  

1，ゴ），and（托＋1，ゴー？（乃，ブ））・   
To overcome the second defect described by 

（10），Weimposeanotherrestrictiononthestep  

Sizefunction．Thatis，Werequlre  

（メ＋？（几，ブ））乱≧ノβれ－1，  

（ゴー？（乃，J））β乃≦Jβm＿1，   

Where3＝n＝jPn＿1・Combining，Wehave  

けlαm△ま  

（14）  や（几，ブ）≧   
1－αm△t●  

The step size function p can beany POSitive  

integersatisfyingboth（13）and（14）bywhicll  

thedefectsoftheKijima－Nagayamaprocedure  

describedin Section2are avoided．   
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