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MethodofSteepestDescent
LargeDeviationPrincipleThepdfofdiffusion

processesin89with:;<is

BrownianMotion=>?:@A@BCEDFGHIJKML<N:POALBORQS Diffusion=>?:@A@BCDFGHIJKTL<N:VUQ? A@BCS

>?:@A@BCXWYZ?BC

[\]? A?:CC^W]? A?X_CC

whereFGisthenormalizingconstant,Oa`OistheEu-

clideannormandU? `@ `CistheRiemannianmetric

fromthevolmatrixofthediffusion.YZ?BCdenotes

Diracdeltafunction.

TheconditionalpdfonaBorelsetbwith:;<is

>?:@A@BcbCXWYZed?BC

[\]? A?:CCcb^W]? AgfC

AafDargminhijUQ? A@BC

Asymptoticsforstandarderror
Asymptoticdensityofamultivariatediffusion

UB?:CEDk?:@B?:CCU:lm?:@B?:CCUn?:C

B?:CLB?X_C o:Wpqsr_@tu

indistributionas: W_l.

Themostlikelyconfigurationofamutivariate

diffusionwithconstantvolatilitymatrix

UA?:CEDv?:@A?:CCU:lwUn?:C

issimplyasolutiontoquadraticprogramming

AafDargminj? ALA?X_CCyx\ w{z|^? ALA?_CC~}

ForreduciblediffusionslikeB?:CED�? A?:CCitiseasy

toconverttoproblemsinA?:C.Otherwisemore

involvedtechniqueisnecessarytofindthemost

likelyconfiguraiton.

AsymptoticconditionaldensityofA?:Cis

A?:CL[\ A?:Ccb^ o:Wpqr_@\ w^uonaplane

forA?:C�b.EasytoconverttothisforB?:CD�? A?:CC.
ApplicationtoRelativepricing
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Underlying assetDerivatives

Localvolatilityforgeneralindex

�Assets:Ur�?:CD�?:@ r�?:CCU:l�?:@ r�?:CC Un?:C

�Generalindex: �?:CD]? r�?:CC

�Theindexhasstochasticvolatilityin?�|@}}}@��C
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CombineLDPandRelativePricingtoestimate

�theeffectivevolatilitysurface(skew,termstruc-

ture)ofindexoptionrelativetostockoptions

and

�confidencebandsurroundingtheskew.
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EmpiricalEvidence

�Data:DowJonesIndustrialAverage

11/1/1997-8/31/2002

�Reconstructedindexvolatilitywithconfidence

band

�DJX3monthatthemoneyimpliedvolatility

frommarketdataandmodelvolatility
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�DJX3monthimpliedvolatilityfrommarket

dataandmodelvolatility.ToponeiswithDelta

25andbottomoneiswithDelta75
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�TheDJX6monthatthemoneyvolatilityover-

lappedwith99%confidenceintervalofmodel

volatility10/1/2001-8/24/2002
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�Suspectsformispricing–leftforfuturere-

search

–Correlationmatrixisconstant

=Fullystatedependentcorrelaitonmatrixis

tobestudied

–Unexpectedmovementofcorrelationmatrix

=Stochastic(orconditionalheteroskedascic

)correlationmatrix

Conclusions

�LDPoffersaneffectivewayto
estimate(conditional)expecta-
tionsofmultidimensionaldif-
fusionprocesswithoutsimula-
tion.

�Assumingashorttimehorizon,
wegetconsistencyandasymp-
toticnormalitylikeinlarge
sampletheory.

�Wecancalibratemodelswith
manyvariablesrelativetoeach
otherusingmarginalizationand
LDPasymptotics.

�Morestudyisneededtoen-
richthemodelforpracticalpur-
poses.
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