B.Sc.(Hons)Mathematics,Semester-VI1,DSE-Courses

DISCIPLINESPECIFICELECTIVECOURSE- 4(i):MATHEMATICALFINANCE

CREDITDISTRIBUTION,ELIGIBILITYANDPRE-REQUISITESOFTHECOURSE

Coursetitle&Co |Credits| Creditdistributionofthecourse Eligibility Pre-requisiteof
de : ) criteria the course
Lecture [Tutorial |Practical/ (ifany)
Practice
Mathematical 4 3 0 1 ClassXllpass |[DSC-3,11,&15:
Finance with Probabilityand
Mathematics [Statistics,
Multivariate
Calculus,&PDE’s

LearningObjectives:Themainobjectiveofthiscourse isto:
e Introducetheapplication of mathematicsinthefinancialworld.

e Understand somecomputationaland quantitativetechniquesrequiredforworkingin the
financial markets and actuarial sciences.

LearningOutcomes: Thecourse willenablethestudentsto:

e Knowthebasicsoffinancialmarketsandderivativesincludingoptionsandfutures.
e Learn aboutpricingandhedgingofoptions.

e Learntheltd’sformulaandthe Black-Scholes model.

e Understandtheconceptsoftrading strategies.

SYLLABUSOFDSE-4(i)

Unit - I: Interest Rates, Bonds and Derivatives (15hours)
Interest rates, Types of rates, Measuring interest rates, Zero rates, Bond pricing, Forward
rates, Duration, Convexity, Exchange-traded markets and Over-the-counter markets,
Derivatives, Forward contracts, Futures contracts, Options, Types of traders, Hedging,
Speculation, Arbitrage, No Arbitrage principle, Short selling, Forward price for an
investment asset.

Unit-ll:PropertiesofOptionsandtheBinomialModel (15hours)
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Types of options, Option positions, Underlying assets, Factors affecting option prices,
Bounds for option prices, Put-call parity (in case of non-dividend paying stock only), Early
exercise, Trading strategies involving options (except box spreads, calendar spreads and
diagonalspreads),Binomialoptionpricingmodel,Risk-neutralvaluation(forEuropeanand
American options on assets following binomial tree model).

Unit - lll: The Black-Scholes Model and Hedging Parameters (15 hours)
Brownianmotion(WienerProcess),GeometricBrownianMotion(GBM), Theprocessfora stock
price, It6’s lemma, Lognormal property of stock prices, Distribution of the rate of return,
Expected return, Volatility, Estimating volatility from historical data, Derivation of the
Black-Scholes-Merton differential equation, Extension of risk-neutral valuation to assets
following GBM (without proof), Black-Scholes formulae for European options, Hedging
parameters - The Greekletters: Delta, Gamma, Theta, Rho and Vega; Delta hedging,
Gamma hedging.

EssentialReadings

1. Hull,JohnC.,&Basu,S.(2022).0ptions,FuturesandOtherDerivatives(11thed.). Pearson
Education, India.

2. Benninga,S.&Mofkadi,T.(2021).FinancialModeling,(5thed.).MITPress,Cambridge,
Massachusetts, London, England.

SuggestiveReadings

e Luenberger,David G.(2013).InvestmentScience(2nded.).OxfordUniversity Press.

e Ross, Sheldon M. (2011). An elementary Introduction to Mathematical Finance (3rd
ed.). Cambridge University Press.

e Day,A.L.(2015).MasteringFinancialMathematicsinMicrosoftExcel:APracticalGuide for
Business Calculations (3rd ed.). Pearson Education Ltd.

Note:Useofnon-programmablescientificcalculatorisallowedintheory examination.

Practical(30hours)-Practical/Labworkusing Excel/R/Python/MATLAB/MATHEMATICA
1. Computingsimple,nominal,andeffectiverates.Conversionandcomparison.

Computingprice andyield ofabond.
Comparingspot andforward rates.
Computingbonddurationandconvexity.
Tradingstrategiesinvolvingoptions.
Simulatingabinomialprice path.

No v wN

ComputingpriceofEuropeancallandputoptionswhentheunderlyingfollows
binomial model (using Monte Carlo simulation).

o0

Estimatingvolatilityfromhistoricaldataofstock prices.

9. Simulatinglognormalpricepath.

10. ComputingpriceofEuropeancallandputoptionswhentheunderlyingfollows
lognormal model (using Monte Carlo simulation).
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11. ImplementingtheBlack-Scholesformulae.
12. ComputingGreeksforEuropean callandputoptions.

DISCIPLINESPECIFICELECTIVECOURSE—4(ii):INTEGRALTRANSFORMS

CREDITDISTRIBUTION,ELIGIBILITYANDPRE-REQUISITESOFTHECOURSE

Coursetitle&Co |Credits| Creditdistributionofthecourse Eligibility Pre-requisiteof

de _ : riteria the course
Lecture [Tutorial |Practical/ (ifany)
Practice
Integral 4 3 1 0 ClassXllpass PSC- ’
Transforms with 6,15:0DE’s,PDE

. s
Mathematics |pgc.
8,10:Riemannintegrati
on,

Sequences&Series of
Functions

LearningObjectives:Primaryobjectiveofthiscourseisto introduce:

e The basic idea of integral transforms of functions and their applications through
anintroduction to Fourier series expansion of a periodic function.

e FouriertransformandLaplacetransformoffunctionsofarealvariablewith applications to
solve ODE’s and PDE’s.

LearningOutcomes: Thecoursewillenablethe studentsto:

e UnderstandtheFourierseriesassociatedwithaperiodicfunction,itsconvergence,and the
Gibbs phenomenon.

e ComputeFourierand Laplacetransformsof classesoffunctions.

e ApplytechniquesofFourierandLaplacetransformstosolveordinaryandpartial
differential equations and initial and boundary value problems.

SYLLABUSOFDSE-4(ii)

UNIT-I: Fourier Series and Integrals (18hours)
Piecewise continuous functions and periodic functions, Systems of orthogonal functions,
Fourier series: Convergence, examples and applications of Fourier series, Fourier cosine
series and Fourier sine series, The Gibbs phenomenon, Complex Fourier series, Fourier
series on an arbitrary interval, The Riemann-Lebesgue lemma, Pointwise convergence,
uniform convergence, differentiation, and integration of Fourier series; Fourier integrals.

UNIT-II: Integral Transform Methods (15 hours)
Fourier transforms, Properties of Fourier transforms, Convolution theorem of the Fourier
transform,Fouriertransformsofstepandimpulsefunctions,Fouriersineandcosine

59



transforms,ConvolutionpropertiesofFouriertransform;Laplacetransforms,Propertiesof
Laplacetransforms,ConvolutiontheoremandpropertiesofthelLaplacetransform,Laplace
transforms of the heaviside and Dirac delta functions.

UNIT-III: Applications of Integral Transforms (12 hours)
Finite Fourier transforms and applications, Applications of Fourier transform to ordinary
andpartialdifferentialequations;ApplicationsofLaplacetransformtoordinarydifferential
equations, partial differential equations, initial and boundary value problems.

EssentialReadings

1. TynMyint-U&LokenathDebnath(2007).LinearPartialDifferentialEquationsfor Scientists
and Engineers (4th ed.). Birkhauser. Indian Reprint.

2. LokenathDebnath&DambaruBhatta(2015).IntegralTransformsandTheirApplications
(3rd ed.). CRC Press Taylor & Francis Group.

SuggestiveReadings

e BaidyanathPatra(2018).AnlIntroductiontolntegralTransforms.CRC Press.

e Joell.Schiff(1999).ThelLaplaceTransform-TheoryandApplications. Springer.

e Rajendra Bhatia (2003). Fourier Series (2nd ed.). Texts and Readings in Mathematics,
Hindustan Book Agency, Delhi.

e YitzhakKatznelson (2004).An IntroductiontoHarmonicAnalysis(3rded.).Cambridge
University Press.

DISCIPLINESPECIFICELECTIVECOURSE—4(iii):RESEARCHMETHODOLOGY

CREDITDISTRIBUTION,ELIGIBILITYANDPRE-REQUISITESOFTHECOURSE

Coursetitle&Co |Credits| Creditdistributionofthecourse Eligibility Pre-requisiteof
de criteria the course
Lecture [Tutorial |Practical/ (ifany)
Practice
Research 4 3 0 1 ClassXIlpass NIL
Methodology with
Mathematics

LearningObjectives:Themainobjectiveofthiscourseis to:

e Preparethestudentswith skillsneededforsuccessfulresearch inmathematics.

e Developabasicunderstandingofhowtopursueresearch inmathematics.

e Preparestudentsforprofessionsotherthanteaching,thatrequiresindependent
mathematical research, critical analysis, and advanced mathematical knowledge.

e Introducesomeopensourcesoftwarestocarryout mathematicalresearch.

e Imparttheknowledgeofjournals,theirrankingsandthedisadvantagesof rankings.
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LearningOutcomes:Thecoursewillenablethestudentsto:

e Develop researchable questions and to make them inquisitive enough to search and
verify new mathematical facts.

e Understandthemethodsinresearchandcarryoutindependentstudyinareasof
mathematics.

e \Writeabasicmathematical articleanda research project.

e Gainknowledgeaboutpublicationofresearcharticlesingoodjournals.

e Communicatemathematicalideasbothinoraland writtenforms effectively.

SYLLABUSOFDSE-4(iii)

UNIT-I: How to Learn, Write, and Research Mathematics (17 hours)
How to learn mathematics, How to write mathematics: Goals of mathematical writing,
generalprinciplesofmathematicalwriting,avoidingerrors,writingmathematicalsolutions
and proofs,the revision process, What is mathematical research,finding a research topic,
Literature survey, Research Criteria, Format of a research article (including examples of
mathematical articles) and a research project (report), publishing research.

UNIT-lI: Mathematical Typesetting andPresentation using LaTeX(16 hours) How to
present mathematics: Preparing a mathematical talk, Oral presentation, Use of
technology which includes LaTeX, PSTricks and Beamer; Poster presentation.

UNIT- lll: Mathematical Web Resources and Research Ethics (12 hours)
Web resources- MAA, AMS, SIAM, arXiv, ResearchGate; Journal metrics: Impact factor of
journal as per JCR, MCQ, SNIP, SIR, Google Scholar metric; Challenges of journal metrics;
Reviews/Databases: MathSciNet, zbMath, Web of Science, Scopus; Ethics with respect to
science and research,Plagiarism check using software like URKUND/Quriginal byTurnitin.

EssentialReadings

1. Bindner, Donald, & Erickson Martin (2011). A Student’s Guide to the Study, Practice,
and Tools of Modern Mathematics. CRC Press, Taylor & Francis Group.

2. CommitteeonPublicationEthics-COPE(https://publicationethics.org/)

3. Declaration on Research Assessment.
https://en.wikipedia.org/wiki/San_Francisco_Declaration_on_Research_Assessment

4. Evaluating Journals using journal metrics;
(https://academicguides.waldenu.edu/library/journalmetrics#s-lg-box-13497874)

5. Gallian,JosephA.(2006).AdviceonGivingaGoodPowerPointPresentation
(https://www.d.umn.edu/~jgallian/goodPPtalk.pdf). MATH HORIZONS.

6. Lamport,Leslie(2008).LaTeX,aDocumentPreparationSystem,Pearson.

7. Locharoenrat, Kitsakorn (2017). Research Methodologies for Beginners, Pan Stanford
Publishing Pte. Ltd., Singapore.

8. Nicholas).Higham.HandbookforwritingfortheMathematicalSciences,SIAM, 1998.

9. Steenrod, Norman E., Halmos, Paul R., Schiffer, M. M., & Dieudonné, Jean A. (1973).
How to Write Mathematics, American Mathematical Society.


https://publicationethics.org/
https://en.wikipedia.org/wiki/San_Francisco_Declaration_on_Research_Assessment
https://academicguides.waldenu.edu/library/journalmetrics#s-lg-box-13497874
https://www.d.umn.edu/~jgallian/goodPPtalk.pdf

10. Tantau,Till, Wright,Joseph,&Mileti¢,Vedran(2023).TheBEAMERclass,UseGuide for

Version 3.69. TeX User Group.
(https://tug.ctan.org/macros/latex/contrib/beamer/doc/beameruserguide.pdf)

11. University Grants Commission (Promotion of Academic Integrity and Prevention of

PlagiarisminHigherEducationallnstitutions)Regulations2018(TheGazetteofIndia:
Extraordinary, Part-iii-Sec.4)

Practical(30hours):Practicalworktobeperformedinthecomputerlabofthe
following using any TeX distribution software:
1.

© 0N

Starting LaTeX, Preparing an input file, Sequences and paragraphs, Quotation marks,
Dashes, Space after a period, Special symbols, Simple text- generating commands,
Emphasizing text, Preventing line breaks, Footnotes, ignorable input.

The document, The document class, The title page, Sectioning, Displayed material,
Quotations, Lists, Displayed formulas, Declarations.
RunninglLaTeX,Changingthetypestyle,Accents,Symbols,Subscriptsandsuperscripts,
Fractions, Roots, Ellipsis.

Mathematical Symbols, Greek letters, Calligraphic letters, Log-like functions, Arrays,
The array environment, Vertical alignment, Delimiters, Multiline formulas.

Putting one thing above another, Over and underlining, Accents, Stacking symbols,
Spacing in math mode, Changing style in math mode, Type style, Math style.
Definingcommands,Definingenvironments, Theorems.
Figureandtables,Marginalnotes,Thetabbingenvironment, Thetabularenvironment.
TheTableandcontents,Cross-references,Bibliographyand citation.
Beamer:Templates,Frames,Titlepageframe,Blocks,Simpleoverlays, Themes.

10. PSTricks
11. Demonstrationofweb resources.
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