
 

StochasticModelingandFinancialMathematics Week13

Prof SorenPetrat ConstratorUniversity

lecturenotes fromFall2025

Summaryof class

Part 1 Discretemodels
Basics of interest compounding

Bonds especially 0 coponbonds

Binarymodels andoption pricing

Basicsofbinomial trees EuropeancallsPrice Friskfreeprob payoff

directevaluation
Youte

Carlo

usingCLT

Continuum limitofbin tree Black Scholes formula

Part 2 Continuummodels

Brownian Motion GeometricBM explicitly SH
howtodescribeGBMvia I via SDE ds

viaintegraleg SH 5101 S
numerically EulerMaruyama

to's lemma andhow itappliestoGBM

OptionpricingusingHd'slemma



OptionpricingwithBlack
Scholes PDE

Numerically solvingPDEs Ecler explicit implicit autocorrelationplot

Estimatingtheparameters µ 6 fromdata andchecking thenormalityandindependence
assumptions

QQplot



5 eterEstimatesfortimsr.es

4 1 choosinga
setofpoints ti still is calledsampling

mttxt
x timeseries x

ads I d t

SimplewayofsamplingTake ti fin It const

keepin mindThereismany different ways one cansample

Ourassumption isthat SH is a GBM SHI Soelm
Gwitt

Sampling
leadstodata ti Sttillin in

Convenienthere Considerlog
returns ri from Sltin Sltile

k n lushi hestill

Now What aretheri'sfor our model

Then ri'sof our sample

For GBM r lushin LS ti
Model a soak fintolutia h goela Hi

towitil

m Him 6Witin 1m E titowhi



ri lm
tgy.it tolwitigfYHl

Here assumesampling equally spared Sti At const

ri m E St GSW

The ri's inourmodel are Normally distributed
Needtochecklaterforoursample

independent

with ri m E At o

ft 1m Elst

Var r Var In E At sw Varlow 6 VarSW

6 St

ri W 1mE At Elddeviation

Next Sample Data expertationmanaverage 5 1 ri

recall ri
lusyg.fi

variance

ofÉÉtiÑ
randomvariablesunit different

takinghere instead
samplingpossibilities

of is talled unbiased

samplevariance Yougetthis
fromtakinganaverageoverallpossiblewaysofsampling



Nowset tri T Var ri 65

or At 8 Et estimated theoretical
sigma

T 1m 1st A I It 28 estimated theoretical mu

Importantpoint that wewillchecknumerically

One canshow seeHW that Vard This is good our estimate

becomesbetter themore samplepoints wetake

But Var it doesnot decreasewith N
It doesbesomebetterthelargerT

Upshot 6 canbereliably estimated the Mnot

Luckily we onlyneed 6 for theoption pricing

Still needto chalk

Assumptionof Normality QQplot

plot edandsortedr.gs againstnormaldist



Assumptionof Independence

AutocorrelationFunction ACF Ke f t ti

l is called lay

Ko 1 and Ke 1 ingeneral

Ke 1 perfectcorrelation

Ke 1 perfect anticorrelation

Ke 20 uncorrelated

Inpractice

e
op

maybe inertiaeffectsforsmall l possible


