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first version consider nice fat h WH t
Goal find a stochasticversionofthechainrule

first Look at 4 4 WH meaning off D

write hlwett h was hlwltj.nl hlWltjll

Taylorexpansion

bluth hlWwi o h tutti WHA WH

Ej th mj WHD WHD
for some mj Wsjwith SjC tj tj

now recall wltj.si Wltjl rsIMl91

and asbefore Wha WH fdt

takehim Huettl himal ft ft wist dust

t Yusilds



in general case where h l WH t wehave the Ito formula

h IWIH H h Wlol o 0
WH s dWls

1 Hushsit Efo twists1 ds

shorthandnotation dh h d wt I dt t t h dt
here hEff hi EI

E

h WH t I WHIZ

Ito Ah 2WdW t O t I 2 dt 2NdWt dt

is the SDE with solution h w

h wilt htWlol 2msIdwal t ds
O

e g E h1with Efwitty 2 west Eldulsil t t
in
O

Hurt htt Witt 4

dh 4W'dW t bw'dt
e g E WH41 4 ElwesPl EldWisl t bofEMGMds



O t6 sds

3EZ

E solve dX X3dt Idw X lol I

write X h Whit and compare dX dh

Ito dh h'dWthdttIh dt
need to solve hot'zh h's and h h

separation
ofvariables

1 h ff dx SII Sdx

f x C

h x t with h Wco 01 410,01 1 initialcondition

hlx.tl independent oft 1

check hotth Ott µ ip h3

solution XHI
w

note actually blowsupin finitetime

secondversion considerdXlH ffXHhHdttglXHhHdWlH
this is called au Ito process



now considerCuicel fat FIXHI it
informally Taylor expansion

SFK.tt II Att EES xt's Ix't III At't I Axs
w

L
f It 1gyw

neglect lowerorder

Ix ffsttgswf ft.tt fgItswtg2sw2in
neglect lowerorder It

IF II St to At got Swt III g St
Hotaru
dF IF if Ext's g dt g II DW

note for XIH wcH ii e f O g weget
dF fit I Jolt 8 dw

i e reducesto Itf formula fromaboveinthisspecial case

E geometricBrownianmotion 51with eh EH 16Wh



corresponding
SDE is DS In E St E IS At 16SdW

d s µ Sdt too Sdw

Whatis E Seti

Write IISCH t SHI

dS In Sn S t Estrin 1 Sh 2 dtt 65ns dw

S nut EEulu I1 at two S dw

II SHM Elson

nut'ziuluH Sitt d t t UG E SAM EldWsi
in
O

3 E SAM so eluttulu
halt

in particular o E CSCH SoeMt

Var Sitt E Sitt E sat

Solemn tilt spent

spentfeat l



HW X geom BM FK t Ht RT

Verify Ito's 6mmol numerically

find SDE for F
solve it numericallywith Euler Maruyama

comparewith givenexactsolution


