
































































StochasticModelingandFinancialMathematics Week 1

Prof SorenPetrat ConstratorUniversity

lecturenotes fromFall2025

Instructor Prof Dr SorenPetrat Office 112 Res I

For all organizationalmattersand thesyllabus pleasetake a lookattheclasswebsite

TA IrfanBasheer

Important Come to everyclass session sincethisis an interactive inpersonclass

Bringyour laptop toevery classsession

https://math.constructor.university/petrat/teaching/2025_fall_stochastic_modeling



Coursetopics
IntroductiontogitandScientificPython

Basicsof finance interest cashflowsbonds options

BinomialTreeModels

BrownianMotion palmnham

Stochastic integrals andstochasticODES

Black Scholeseq

TimeSeries analysis



0 Introduction to git
and ScientificPython

0.1 git
software free opensource locally onyourcomputer

projectdevelopment software

versioncontrol changetracking

speed non linearworkflow filemergingitimestamps

usedpredominantly forsoftwaredevelopment linux windows somegoogle
usefulforlarge e.galsoscientific

collaborations

Hostingserver we usebitbucket
alternative github

possiblymerging eithera
tomatically or resolvemanually

Roughworkflow ifnecessary
server h s

fetch severalbranches

pull 11 check
commit

local repositories containalfiles andwholehistryofproject



Smallproject egsmallscientific
collaboration Usually onebranchsufficient

Server
pull commit staging push

up
localrep

localrep loia rep

Thisclass Masterbranch material assignments public

Eachstudent maintains separateprivatebranch fork

getallfilesfromMasterbutaddyourown

InstructorTA writeaccessto all branches

Workflow master

pulltoget studentfork
newHWrest

push
student

aflocally



Stepsforsettingup git seealso
Introtogitfor

academics on website

downloadandinstallgit git scm.com

opencommandline git MD toconfiguregit see Intro

get bitbucket account bitbucketorg register
with Constructor email address

or shouldalreadyberegistered

on bitbucket forkrepository soerenpet.atsml 2025 markasprivate
under Userand

group
access addspetrat conctruator.universityand

TA with miteaccess

onyourcomputer cloneyourrepository via command line
Troownbranchthatyoujustcreated



0.2 ScientificPython

optimizedfor vectorizedoperations nus nearmachinespeed although interpreted

language using
NumPy arrays

SciPypackagecomprisesfunctionalityofall aspectsofscientificcomputing

ToDo

Install Anacondapackage

SciPylibraryalreadyincluded

Spydereditor development environment
usethisforHWsubmissions

jupyternotebooks editor comments runcodefragmentsseparately

Codeexamples willbediscussed in class and addedto git folder

For homework always submit py files
If you use jupyter notebooksexportthemas pyfiles



1 BasicsofFinancial Math

1.1Timevalueofmoneym.ve
annualinterestrate FV f lurevalue PV presentvalue

Thevalueofmoney changes over time

FY PV 11th futurevalueafter n yearsofinterestcompounding

PV FU Hr

If interestis compounded in times ayear FV PV 1 5
m

Terminology BEY bondequivalentyield

annualizedyield compounded semiannually twice ayear m 2

MEY mortgage equivalentyield
annualizedyield compounded monthly m 12

Q Howto comparedifferent compounding standards

Introduceeffective annualinterest rate reff

1 5 1 reff Atreff 1 E

reff 1 E 1



Example r 10 BEY reff 1
2
1

11.05
2
1

1.1025 1

0 1025 10.25

If m 1 is reffalways greaterthan r

reff 1 mF test 1 r Yes

11 x 1 mx xs 1 Bemoullisinequality

raff or even true forFs 1

Oneusefulidealization continuouscompounding m is

Then FV PV his11 En
m

Prem et exprut exponential fit

1.2Generalcashtlowsnyears.ir

yearlyinterestrate

Supposeatendofyear j wehavea given cashflowCj

1 is in

h



PV In fit t Et ftp presentvalue or priceofthis
financialinstrument

Now
suppose we wanttoimplement thisin python writecodegiven randCn Cu and

giveasoutput thepresentvalue Needtoevaluatepolynomial CjXi with Ir

explicit for loop discouraged veryslow

best vectorizedoperation

definevector 1 u j arange 1 n 11
givenvector C Inimical

now implement I as a vectorized operation

In python
a

is def componentwise j X X X

now use dot forscalar product to evaluatesum PV dot C j

Horner's sheme

PV axtCan Caa G X

requiresthe fewest operations

E.g Csx a x i X in 3

polyval fat fromSnip uses optimizedHorner's scheme



Special cash flow Annuity i e yearlypayment allCj I arethesame

Ordinaryanarity pays I atendofyear
Thereis alsothe annuitydue whithpaysatthebeginningoftheyear

Here generalannuitywithCj C and m payments peryear n given

PV ftp Ii E Recall geometric series

xI

late É

CY 1 11 EM

Note FV C 11 E c letEl 1

Perpetual annuity a is

PVperp CT


