



































































































































Stochastic MethodsLab JacobsUniversityBremen Fall 2020 ojo
Prof Dr SoevenPetrat

lasttime binarymodel Psy
su

Sd

recallexample K 3000 Gaal

pet 4000 u l 6 payoff 1000

5 2500
1 2000 D 0.81 payoff 0

we dismissed theideaof optionprice average
w r t stockmarketprobabilities

fromourmodel becauseofthepossibilityofmaking risk freeprofit

newidea o optionprice value costof a portfolio that leadsto no riskfree
profit forseller 1meaningsellermeetsobligation exactly1
Sucha portfolioiscalled replicatingportfolio

Wedefine

x priceofbondwithriskfreeinterestrate r
o x numberof stocks at prices alsocalled hedgeratio or delta l

we assure

continuous
compoundingofinterest FV e Pul

deer cu






































































































































costof replicating portfolio is C X t Sx

valueatexpiration if stockgoesup EI t Suk
if stockgoesdown Ex Sdk

note forsimplicitywehereassume et is thediscountfactorfortheoneperiodunder
consideration onestep1

in general riskless or zero profit forseller if

eke Sax Z Cu where Cu payoff in up scenario

eEnt Sd x 2 Cd where Cd payoff in down scenario

recall ingeneral that foralloptions G wax 0 Su k1 Cd max 0Sd Kl

µ
in thisregionsellerwouldalnaysmakeprofit

profitobligation is exactlymet herewesetup the
replicatingportfolio optionprice










































































































optionpriceis C x Sx with x and x determinedby

Ex t Suk Cu

EI Sdx Cd

Note in our previous examplewe have Xe t 4000 2 1000

Xn t2000 2 0

3 2000 2 1000 Xz I X 1000

optionprice C x t Sx 1000 12500 I 250

seller borrow1000 get buyer buyoptionfor 250
250 foroptionbuytstockfor
1250

SITI 4000 needtobuyanother tstock buystockfor3000
for2000

upscenario1 obligationsellastockfor30004 profit 1000 250 750
tobuyer W

profits 1000 2000 13000
4000 3000

0

SCH 2000 of stockisnowworth profit 250
downscenario 1000

profit 1000 11000
0

note o onecanbuy of astock this is called fractionalshare
alsoe.gfordividendreinvestments



Generally weneed to solve a Exa t Suk Cu

et t Sdx Cd

firsteq minussecond Saxe Sdi Cu Cd s X
d

togetx x e Cd Sdx I
e
r
ca d

e
r fcdludt ddlcu.ca
erfufdddcn

optionprice is C X t Sx

e r fu d 4 Cu Cd
u d

e
r f i ca Ead ca

m w

pa pa

3 C e
r

p Ca t p Ca

note patpu II d I

since deerca wehave that 0Cpac 1 andOcp c 1

sit makessensetocall themprobabilities they arecalled



riskneutral probabilities

why Lookat expectation value of stockat timeTinderthese
riskneutralprobabilities

Httppal puSa t pd sd

Edd su Sd

s faeid.uauderd

Ser expected valve is thesame as forthe
risk freebondmarket

remarkable result G e
r

p Ca t p Ca is independentof the

probabilities from ourstockmodel

Inwords optionprice discounted expectationvalueof thepayoff underthe
risk neutralprobabilities


