



































































































































Stochastic MethodsLab JacobsUniversityBremen Fall 2022 Session14
O it2612022

Prof Dr SoevenPetrat

28MonteCarlomethod

Idea userandom
samplings toapproximateexpectationvalues

Ex binomialtreemodel foroptionpriceof Europeancalls

C É blimp efggfuidnik.fr
Ebi If I

MonteCarlo take m samples ja ja frombindistribution man andcompute

In It flju n theempiricalmean or sample average

Thelawof largenumberssaysthat I É flju.nl 5 II f
in

forverygeneralclassesofprobability theoreticalexpectation
distribtions

Ideahopeof MonteCarlomethod

timeefficient fast sinceonly me on steps are necessarytocompute a

good approximation

interestingidea userandomnessto approximate a deterministicquantity



Summary

skills a git
python scipy basics

vectorbased
coding timingplotting csufiles

finance cashflows interest
compounding

bonds immunization

options EuropeanandAmericancallsandput1
e optionpricingwith

binomialtrees importantconcepts noarbitragereplicatingportfolio
in

noriskfreeprofit
binomialtree implemented inpython

explicitformulaforEuropeancalls possiblywithMonteCarlo

BlackScholesformulaforEuropeancalls

put callparity tocomputeputprice givencallprice C P S ke rt
M T

callprize putprize

numericalmethods root
finding

howtofind convergencerates

QQplots
Monte Carlo

math Taylor expansion

binomialandnormaldistribution

CLT

Focusofsecondhalfof class numericalmethods

optionpricing
withcontinuous stochasticprocesses



3 ContinuousTime Models

3.1BrownianMotione

Motivation let us considerthenormaldistributionwithmean Oand variance 1

M 10 I MlmG formeany stddeviation 6
meant t standarddeviation

Importanceof thenormal distribution comesfromtheCentrallimitTheorem CLT

Whichholdsunderveryweakconditions ontheunderlyingprobabilitydistribution inparticular
randomvariablesneedtobeindependent oronlyweaklydependent

Nowconsider arandomvariableX thatis normallydistributed X yMIO
1

isdistributedaccordingto

consider
splitting it intotwo F X tXz s t X andX independentand same

distribution

the Leif
KandX same

distribution

Note D E X Elke X I ECT It X I I 2 E x I X hasexpectation0

Howdoesthevariancebehave
KandXindependent

1 VarAl Var X x X I vary vary

d t

2Vault VaultI



Competinghighermomentsshowsthat X X is normally distribted

X is distributed according to Matthmayne
Vankirk Vara

botharenormal distributionswithmeanOandvariance

so theyare thesame

for u steps FF i n I I var x VarletXi l ÉVar kit nVaultl
VarIX I IeachXi M 0 tri F W10,11

or calling I At Xi r VAINIOY


