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some more computationsyield thefollowingresult



Black Scholes formula
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this concludes thechapter on discretemodels

Chapter Summary

Options atypes callput
American European manyothertypes

definedby type T K payoff

Modelforstockprice here discretetime binomial treemodel s

next continuous in timegeometricBrownianMotion

OptionPricing
based on no arbitrage luoriskfreeprofit andreplicatingportfolio

fordiscretetimemodel use binomial treewithbackwardinduction

forthespecialcaseof Europeancallswehave a closedform formula



e TEIpayoff underbinomialdistribution withriskneutralprobabilities

in the limit n is thisbecomesBlack Scholesformula
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next continuous intimemodels



3 ContinuousTime Models

3 I Brownian Motion
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Motivation forthebinomialdistribution wehad the CLT
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now considerrandomvariable X withdistributionMO71
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Xi Xz sameprocessandindependent
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this motivates the followingrigorous definition

Def A stochasticprocess t t WH for team is called

BrownianMotion BM or Wienerprocess if

a W O O

b eachrealization is continuous in t
c for any O es es et etc theincrements

Wise Wes I and WH WH 1 are independent

d Wct wit is distributed like fc2TT NCO 11 forall Tietz



Python implementation

BM Wo O
W TAI sample fromMCO1

Wz W t TSI samplefromMCO11

inpython dW normal10 1 size u MIT

W cansum dw cumulative sun

W r o W Caddtime 0

Iii ii D
ensembleof Bms M 13Mpaths

p oftimesteps
inpython dW normal 0 1 size M N1

ofsamples

W can sun DW axis I
cumulativesun over rowentries

e g mean1W axis O std W axis o i.e over samples

seed k for fixed k gives you same realizations



N mean std
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