UNIVERSITY OF PUNE
DEPARTMENT OF MATHEMATICS
M.A./ M.Sc. (Mathematics) SYLLABUS
With effect from June 2014
A two years duration course with total 100 crediings.

I ntroduction:

University of Pune has decided to change the sytifibarious faculties from June, 2014.
Taking into consideration the rapid changes inremeand technology and new
approaches in different areas of Mathematics alatleck subjects, Board of Studies in
Mathematics

MA/MSc in Mathematics.

The coursewill follow the credit system of the University of Pune.
Thetotal creditsrequired to complete the coursewill be 100.

To develop the syllabus the U.G.C. Model curriculigrfollowed.

Aims:

i) Give the students sufficient knowledge of funaental principles, methods and a clear
perception of the innumerous power of mathemattteds and tools and knowledge of
how to use them by modeling, solving and interpigti

i) Reflecting the broad nature of the subject dadeloping mathematical tools for
continuing further study in various fields of saien

iiilEnhancing students’ overall development aneédoip them with mathematical
modeling abilities, problem solving skill, creatitedent and power of communication
necessary for various kinds of employment .

iv) Enabling students to develop a positive atéttolwards mathematics as an interesting
and valuable subject of study.

Objectives:

(i) A student should be able to recall basic fattsut mathematics and should
be able to display knowledge of conventions suchadations, terminology
and recognize basic geometrical figures and grapldisplays, state

important facts resulting from their studies.

(ii) A student should get a relational understagdifimathematical concepts
and concerned structures, and should be ablelemftthe patterns involved
with mathematical reasoning.

(i) A student should get adequate exposure tbagland local concerns so as
to explore many aspects of Mathematical Sciences.

(iv) Students should be able to apply their skillsl knowledge, that is, translate
information presented verbally into mathematicahfpselect and use
appropriate mathematical formulae or techniquesder to process the
information and draw the relevant conclusion.

(v) A student should be made aware of history ofhmatics and hence of its
past, present and future role as part of our celtur

(vi) A student should be able to write necessaggrthms and programs in
different languages as per the need of the industry

Eligibility: B.Sc. with any Science stream with Mathematicsextthjp to second year or
equivalent examination.



FIRST YEAR

SEMESTER |
(All are compulsory and each course is of 5 crpdints)

MT 101 Linear Algebra

MT 102 Topology

MT 103 Measure and Integration
MT 104 Algebra

MT 105 Numerical Analysis.

Total credits:25 points

SEMESTER II
(All are compulsory and each course is of 5 crpdints)

MT 201 Functional Analysis
MT 202 Complex Analysis
MT 203 Rings and Modules
MT 204 Advanced Calculus |
MT 205 Differential Equations

Total credits: 25 points

SECOND YEAR

(In each of Semester Il and Semester 1V, any @ifthe following courses which
are running in the department should be opted. Eaalse is of 5 credit
points.)

MT 01. Operations Research

MT 02. Integral Equations and Transforms
MT 03. Number Theory |

MT 04. Coding Theory

MT 05. Graph Theory |

MT 06. Lattice Theory |

MT 07. Computational Geometry
MT 08. Cryptography

MT 09. Financial Mathematics
MT 10. Modeling and Simulation
MT 11. Artificial Intelligence

MT 12. Symmetries

MT 13. Wavelets

MT 14. Combinatorics

MT 15. Partial Differential Equations
MT 16. Fuzzy Logic

MT 17. Statistics and Probability
MT 18. Fluid Dynamics

MT 19. Banach Algebra

MT 20. Boundary Value Problems
MT 21. Baer * Rings

MT 22. Matroid Theory |

MT 23. Sperner Theory



MT 24. Differential Equation and Dynamical System
MT 25. Mechanics

MT 26. Algebraic Topology

MT 27. Advanced Calculus I

MT 28. Field Theory

MT 29. Differential Geometry

MT 30. Fourier Analysis

MT 31. Commutative Algebra

MT 32. Complex Analysis Il

MT 33. Representation Theory of Groups
MT 34. Fourier Analysis on Finite Groups
MT 35. Non-Linear Dynamical System
MT 36. Topics in Lie Groups.

MT 37. Advanced linear algebra

MT 38. Projective Geometry

MT 39. Algebraic Geometry

MT 40. Algebraic Number Theory

MT 41. Algebraic Curves

MT 42. Advanced Lattice Theory Il

MT 43. Graph Theory Il

MT 44. Matroid Theory I

MT 45. Group Theory Il

MT 46. Ring Theory

MT 47. Topics in Non Commutative Rings.
MT 49. Topics in Algebra

MT 50. Topics in Analysis

MT 51. Topics in Discrete Mathematics
MT 52. Topics in Topology

MT 53. Topics in Goemetry

MT 54. Topics in Differential Equations

SEMESTER |

MIM 101 : Linear Algebra

1. Prerequisites: Vector Spaces: Definition andnipas, Subspaces, Bases
and Dimensions, Linear Transformations, Quotiergc®g, Direct Sum,
The matrix of Linear Transformation, Duality.

2. Canonical Forms: Eigenvalues and Eigenvectdrs,finimal Polyno-
mial, Diagonalisability, Triangular sable Operatalsrdan Forms, The
Rational Forms.

3. Inner Product Spaces: Inner Product Spaceso@ottally, The Ad-
joint of Linear Transformation, Unitary operato8glf Adjoint and Nor-
mal Operators.

4. Bilinear Forms: Definition and Examples, The rixadf a Bilinear
Form, Orthogonality, Classification of Bilinear fas.

Prescribed Books:

2 Luthar and Passi, Modules (Narosa Publishing House)

2Vivek Sahai and Vikas Bist, Linear Algebra (Nar®&ssblishing House).
Hoffman and Kunze : Linear Algebra



N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.
MT 102 : Topology

1. Prerequisites: Cartesian Products, Finite &stantable and Uncount-
able Sets, Infinite Sets and Axiom of Choice, \Waitlered Sets.

2. Topological Spaces : Basis for a topology, Otdpplogy, Subspace
Topology, Product topology, closed sets and liroihts, Continuous func-
tions, Metric Topology

3. Connected and Compact Spaces: Connected sfanrescted
Subspaces of Real Line, Components and Local Ctesireess, Compact
spaces, Compact Subspaces of the Real Line, Lot pompactness,
Local Compactness.

4. Countablity and Separation Axioms: Countabiitioms, Separa-

tion axioms Normal Spaces, Urysohn's Lemma(witlpoaof), Titetz Ex-
tension Theorem (Without Proof), Metrization Thear@vithout proof),
Tychonoff's Theorem.

Prescribed Book:

2 J.R. Munkres, Topology : A First Course. Secondi&uli

(Ch.1: Sec5,6,7,9,10; Ch.2 : Sec 12 to 21; CB&c 23 to 29; Ch.4 :
Sec 30 to 35; Ch.5: Sec 37).

MT 103 Measure and Integration

1. Prerequisites: Cardinal Numbers and CountapHtgperties of Open
Sets, Cantor Like Sets.

2. Measure on Real Line : Lebesgue Outer Measueashtable Sets,
Regularity, Measurable Functions, Borel and Lebedgeasurability.

3. Integration of Functions on Real Variable : gregion of Non
Negative Functions, General Integral, Integratib8eries, Riemann and
Lebesgue Integral.

4. Differentiation : Functions of Bounded Variatjidrebesgue Di®erenti-
ation Theorem, Di®erentiation Theorem, Differeritiatand Integration.
5. Inequalities antlpspaces : The Lp Spaces, The Convex Functions,
Jensen's Inequalities, Inequalities of Holder anakighski, Completion
of Lp.

6. Convergence : Convergence in Measure, Almosfiodmi Convergence,
Convergence Diagrams, Counter Examples

Prescribed Book:

2 G. de Barra, Measure Theory and Integration, New kdgernational
Ltd, Publishers.
(Secl1l5t01.7.,21t02.5.,,3.1t03.4.,,44.%,5.1t05.6.,6.1t06.5.,
7.1t07.4).

Reference Book:
{ H.L.Roydon, Real Analysis (Third Ed.), PrenticalH1995.

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.
MT 104 : Algebra

1. Introduction to Groups : Symmetries of a Squarke Dihedral Groups, Definition and Examples of
Groups, Elementary Properties of Groups.



2. Subgroups and Cyclic Groups: Terminology andabiot , Subgroup Tests, Examples of Subgroups,
Properties of Cyclic Groups, Classification of Sudags of Cyclic Groups, Properties of Cosets,
Lagrange’s Theorem and Consequences.

3. Permutation Groups : Definition and Notationcf@yNotation , Properties of Permutations, An
application of Cosets to Permutation Groups, Thiafm Group of a Cube and a Soccer Ball.

4 . Group Homomorphism and Isomorphism: Definitiord Examples of Homomorphism, Properties of
Homomorphism. Definition and Examples of Isomorphi®roperties of Isomorphism , Cayley’s Theorem,
The First Isomorphism Theorem, Automorphism.

5. External Direct Products : Definition and ExaeglProperties of External Direct
Products, The Group of Units Modulo n as an Extebii@ct Product, Applications.

6. Normal Subgroups and Factor Groups: Normal Sulgg, Factor Groups, Applications of
Factor Groups, Internal Direct Products.

7. Fundamental Theorem of Finite Abelian Groups Fandamental Theorem, The Isomorphism Classes
of Abelian Groups.

Prescribed Book:
* Joseph A. Gallian, Contemporary Abstract Algelbiaurth Ed.), Narosa, 1999. (Part 2 : Groups)

Reference Book:

* P. B. Bhattacharya, S. K. Jain and S. R. Nagasjc Abstract Algebra (Second Ed.), CambridgevUni
Press (Indian Ed. 1995).

 |. S. Luthar and I. B. S. Passi, Algebra-VolGkpups, Narosa, New Delhi, 1996.

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.

MT : 105 Numerical Analysis

1. lterative solutions of nonlinear equation: bts®tmethod.
Fixed-point interation, Newton's method, secanthoet accelera-
tion of convergence, Newton's method for two naedir equations,
polynomial equation methods.

2. Polynomial interpolation: interpolation polynahidivided dif-
ference interpolation, Aitken's formula, ~ nite di@wee formulas,
Hermite's interpolation, double interpolation.

3. Linear systems of Equations: Gauss Eliminat&ass-Jordan
method, LU decomposition, iterative methods, and$saSeidel
iteration.

4. Numerical Calculus : Numerical di®erentiatiomydts in numer-
ical di®erentiation, Numerical Integration, Trapaiad rule, Simp-
son's 1/3 - rule, Simpson's 3/8 rule, error es@s&r Trapezoidal
rule and Simpson's rule.

5. Numerical Solution of Ordinary di®erential Eqoats : So-
lution by Taylor series, Picard Method of successipproximations,
Euler's Method, Modifed Eular Method, Runge- Kuitethods,
Predicator-Corrector Methods.

6. Eigenvalue Problem : Power method, Jacobi metHodseholder
method.

7. Practicals with Scilab.



Prescribed Book:

S. S. Sastry, Introduction Methods of Numericabsis ( 4th
Edition)( Prentice-Hall).

Refrence Book:

K .E. Atkinson,: An Introduction to Numerical Anyais.

J. I. Buchaman and P. R. Turner, Numerical Mettards Anal-
ysis..

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.

SEMESTER I

MT 201 Functional Analysis

Inequalities, normed spaces bounded linear operdioear functionals , Hahn Banach theorem, finite
dimensional normed spaces, Baire category, closgghgheorem, Stone - Wierstrass theorem, contracti
mappping, Hilbert spaces, orthonormal systems,jatdjcalgebra of bounded operators.

Prescribed book : B. Bollobas : Linear Analysisirgnoductory course , Cambridge(1990). Chapters 1-
9-12.

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 202 : Complex Analysis

1. Pre-requisites:

(a) Topological and Analytical Preliminaries: Pogets in the
plane, sequences, compactness, stereographictpyojemnti-
nuity.

(b) Elementary Functions: Exponential functionsppiag prop-
erties, logarithmic function, complex exponents.

2. Analytic Functions: Cauchy-Riemann Equationg|witity, har-
monic functions.

3. Power Series: Sequences, uniform convergencelaMidn and Tay-
lor series, operations on power series.

4. Complex Integration and Cauchy's Theorem: Cympasam-
eterizations, line integral, Cauchy's Theorem.

5. Applications of Cauchy's Theorem: Cauchy's irgefprmula,
Cauchy's inequality and applications, maximum mosltheorem.
6. Laurent Series and Residue Theorem: Laurergssatiassi ca-
tion of singularities, evaluation of real integradsgument principle.
7. Bilinear Transformations and Mappings: Basic piags, lin-

ear fractional transformations, other mappings.

Prescribed Book:

J. B. ConwayFunctions of one complex variabjes
Narosa Publishing House.



N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.

MT 203 Rings and Modules :
Rings, Ideals and homomorphisms, factorizatiom@mains, ,modules , modules with chain conditions.

Prescribed Book:
C. Musili : Rings and modules, Narosa, (1999) Céepl-6

Algebraic extension of fields, normal and separatensions, Galois theory, Applications of Galois
theory to classical problems.

Prescribed Book:

P. B. Bhattacharya, S. K. Jain and S. R. Nagpaasj®Abstract Algebra, Second Ed., Cambridge
University Press, Cambridge, 1995.Chapters 15 -18.

MT 204 : Advanced Calculus |

1. Compact and Connected Subsetsrof R

2. Differentiation : Derivative, Continuously Diffentiable functions,
Chain rule, Inverse function theorem, Implicit ftina theorem.

3. Integration: integral over a rectangle, Existentthe Integral, eval-
uation of the integral, integral over a boundedaset rectifiable sets,
improper integrals

4. Change of Variable Theorem

5.Line Integrals with Applications

Prescribed Book:

J.R. Munkres, Analysis on Manifolds.
( Sections 4 to 15 and Section 17).
Reference Book:

T.M. Apostol, Calculus (Volume II).
(Chapter 10 : Sections 10.1 to 10.9).

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.

MT 205 : Differential Equations

1. Prerequisites: Linear equations of the ~ rstrorde

2. Linear equations with constant coexcients : 8darder homo-
geneous equations, Initial value problems, Linegreshdence and inde-
pendence, Nonhomogeneous equations of n-th ordigepra of constant
coefficients.

3. Linear equations with variable coezcients :idhitalue problems,
Solutions of the homogeneous equation, Wronskianiaear indepen-
dence, Reduction of order, Nonhomogeneous equali@gendre equa-
tion.

4. Linear Equations with regular singular poinEuier equation,

Second order equation with regular singular poiBiseptional cases,
Bessel equation.

5. Existence and uniqueness of solutions to ~ dstr @quations:
Separation of variables, exact equations, Metha&lio€essive approxima-
tions, Lipschitz condition, Approximation to andigmeness of solutions.
6. Existence and uniqueness of solutions to systemis-th order



equations: Complex n-dimensional space, Systemeasr equations,
Existence and uniqueness of solutions to systeristeébce, Uniqueness
for linear systems and equations of onder

Prescribed Book:

2E. A. Coddington, An Introduction to Ordinary Di®&atial Equatins
(Prentice- Hall).

Reference Book:

2G. F. Simmons and S. G. Krantz, Di®erential Equ&afifata McGraw-
Hill).

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

Second Year M.Sc
Optional Subjects
MT 01 — Operations research

Unit | - Kuhn — Tucker conditions of Optimality —u@dratic Programming
(Sections 19.2.2B, 20.2.2)

Unit Il - Inventory Models

(Sections 14.1 to 14.3)

Unit 11l - Queuing Models

(Section 15.1, 15.2, 15.4, 15.5)

Unit IV - Project Scheduling By PERT — CPM

(Sections 13.1t0 13.4)

Unit V - Simulation Modeling with SIMNET — I

(Sections 17.1t0 17.10)

Textbook :
Hamy A.Taha, Operations Research, Fifth EditiaenBce Hall of India.

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.

MT 02- Integral transforms

A) Classification of Liner Integral Equations : Brelm, Volterra, Integro-Differential Equations,
Singular Integral Equations, Converting Volterrauition to ODE, Conversion of IVP to
Volterra equation Conversion of BVP to Fredholmagoun

B) Fredholm Intergral Equations - Decomposition moet, Direct Computation method,
successive approximation method, method of suaeessbstitutions, Homogeneous Fredholm
Equations, Comarison between alternative methods.

C) Volterra Integral Equation - Adomian Decompasitimethod, Series solution method,
converting Volterra equation to VIP, Successive iagpnation method, successive substitution
method, comparison between alternative methods.

D) Integro-Differential Equations - IntroductionjrBct Computation method, Adomian
Decomposition Method. Conversion to Fredholm irdégquation. Volterra Integro-Differential
equations Series Solution, Decomposition Methodw&wsion to IVP.



E) Singular Integral Equations - Abel problem , &wtized Abel Integral Equation, Weakly-
singular Volterra Equations.

F) Non Linear Integral Equations - Non linear Fraldh Integral equations, Direct Computation,
decomposition method, Non liner Volterra IntegrgluBtion, Series solution, Decomposition
method

G) Existence and uniqueness of solutions usinglfp@int theorems in cash of Liner and
nonlinear Volterra and Fredholm integral equations.

H) Fourier Transforms: [FT] Definition Propertiegaduation of Fourier and inverse Fourier
transforms of functions, Convolution theorem for. Blhe and Cosine Fourier transforms.
Solving differential equations and integral equagioising FT.

I) Laplace Transform: Definition Properties, evaioa of Laplace and Inverse Laplace
transforms of functions. Convolution theorem foplaee Transforms. Solving initial value
problem using Laplace Transforms. Solving integlation using Laplace Transforms.

Reference Books:

1) A First course in integral equations —A.M. Wazw4997) (world Scientific)

2) Introduction to Integral Equation with Applicaiis —A.J. Jerri (1999) Second edition Wiley
Interscience.

N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.

MT 03 — Number theory

1. Congruences : Solutions of congruencs. Chineseaitder Theorem, Techniques of
numerical calculation Public-Key Cryptography.

2. Prime power moduli. Prime modulus. Primitivetsoand power residues, Congruences of
degree two.

3. Quadratic Residues, Quadratic Reciprocity.

4. Greatest integer function, Arithmetic functiolyltiplicative functions,Dirichlet
multiplication. Mobius Inversion Formula.

5. Diophantine equations. The equation ax + byPythagorean triangles, Assorted examples.
Rational points on curves.

6. Algebraic Numbers :- Algebraic Numbers, Algebraumber fields. Algebraic integers,

Quadratic fields. Units in Quadratic fields. Priniefuadratic fields. Unique factorization

Primes in quadratic fields having the unique faztdion property.

Text Books:
1.Niven and Zuckerman, An introduction to the TlyeafrNumbers, Wiley Publishers.
2.David Burton, Elementary Number Theory.

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 04 — Coding theory

1. Error detection: correction and decoding: Comication channels, Maximum likelihood
decoding, Hamming distance, Nearest neighbor /miim distance decoding, Distance of a code.
2. Linear codes: Vector spaces over finite fieldsear codes, Hamming weight, Bases of linear
codes, Generator matrix and parity check matrixjigdence of linear codes, Encoding with a



linear code, Decoding of linear codes, Cossetsrd$taeighbor decoding for linear codes,
Syndrome decoding.

3. Cyclic codes: Definitions, Generator polynomi&gnerator and parity check matrices,
Decoding of cyclic codes, Burst-error-correctingles.

4. Some special cyclic codes: BCH codes, Defin#jdtarameters of BCH codes, Decoding of
BCH codes.

Reference:
1. San Ling and Chaoing xing, Coding Theory- AsECourse
2. Applied Abstract Algebra - Lid and Pilz 2nd Eoit

N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.
MT 05 — Graph theory

Paths and cycles, trees, planarity, coloring, gilasa matchings, marriage and Mengers theorem.

Prescribed Book :
R. J. Wilson, Introduction to graph theory, Pears(2003) Chapters 1 — 8.

Reference Books:

1. John Clarke and D.A. Holton, A First Look at @marheory, Allied Publisher (1991)
2. Nora Harsfield and Gerhard Ringel , Pearls Thedcademic Press (1990)

3. Harary, Graph Theory, Narosa Publishers, Nevhi(§&b89)

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 06 — Lattice theory

Two definitions of lattices, Hasse diagrams, homigghism, isotone maps, ideals, congruence
relations, congruence lattices, the homorphismrérapproduct of lattices, complete lattice, ideal
lattice, distributive —modular inequalities andntiées, complements, pseudocomplements,
Boolean lattice of pseudocomplements, join and fimesducible elements.

Characterization theorems and representation thesiedekind’s modularity criterion
Birkhoff's distributivity criterion, hereditary ssbts, rings of sets, Stone theorems, Nachbin
theorem, statements of Hashimoto’s theorem.

Modular lattices, isomorphism theorem, Upper amdelocovering conditions, Kuros-Ore
theorem, independent sets (Drops results involphagectivity and sublattice generated by sets /
elements)

Semimodular lattices Jordan-Holder chain conditdadular pair, M-sysmmetric lattices.

Prescribed Book :
General Lattice Theory , G. Gratzer (Birkhauserd IEdition 1998)
Chap. 1 Section 1,2,3,4,6, Cha. 2 Section-1, Ch&e&ion —1,2.

MT 07 — Computational geometry
1. Geometric primitives [Chap. 1]

2.Line intersection [Chaps. 2] plus randomizedeénoental
3. Triangulation and visibility and [Chaps. 3,15]



4. Linear programming in two and three dimensidisgp. 4]

5. Orthogonal range searching [Chaps. 5,10]

6. Point location and Binary Space Patrtitions [Gh&pl2]

7. Voronoi diagrams and Delaunay triangulation [h&,9]

8. Convex hulls [Chap. 11]

9. Non-orthogonal range searching [Chap. 16]

10. Curved Elements (Bezier, B-Splines)

11. Curve Reconstruction (reconstruction a curwégsa) from sample points)
12. 3-Dimensional Geometry

Prescribed Book :
Computational Geometry Algorithms and Applicatiosd ed., by de Berg, van Kreveld,
Overmars, and Schwarzkopf (Springer-Verlag, 2000).

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.
MT 08 — Cryptography

1. Introduction : Overview of course, Classicalptography [parts of Chapter 1].

2. Secret Key Encryption : Perfect Secrecy - Ome fpads [Chapter 2.1], Stream ciphers and the
Data Encryption Standard (DES) [Chapter 3 (exclgdir6)], The Advanced Encryption Standard
(AES) - adopted September 2000.

3. Public Key Encryption : Factoring and the RSArgption [Chapter 4.1 - 4.4], Discrete log.
Diffie-Hellman Key Exchange [Chapter 8.4 (only pag@g0-273)]. EIGamal encryption [Chapter
5 (only pages 162-164)] , Digital Signatures [Cleafit (excluding 6.5 - 6.6)], One-time
signatures, Rabin and ElGamal signatures schenigisallsignature Standard (DSS).

4. Hashing : Mativation and applications. Cryptqar&ally Secure Hashing. [Chapter 7.1-
7.3,7.6], Message Authentication Codes (MAC). HMA@twork Security , Secure Socket

Layer (SSL), | Psec.,Secret Sharing, Definitionar8hr's threshold scheme [Chapter 11.1], Visual
secret sharing schemes.

Prescribed Book :
D. R. StinsonCRYPTOGRAPHY: Theory and PractiGRC Press. 1995.
N. Koblitz : A course in number theory and cryptghny. Springer.

N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.

MT 09 — Financial mathematics

1. Introduction to options and markets: types dfas, interest rates and present values.

2. Black Sholes model : arbitrage, option valuey, @ffs and strategies, put call parity, Black
Scholes equation, similarity solution and exacirfolae for European options, American option,
call and put options, free boundary problem.

3. Binomial methods : option valuation, dividend/ipg stock, general formulation and
implementation.

4. Monte Carlo simulation : valuation by simulation

5. Finite difference methods : explicit and imgliciethods with stability and conversions
analysis methods for American options- constramettix problem, projected SOR, time
stepping algorithms with convergence and numeggamples.



6. Lab component: implementation of the optionipgalgorithms and evaluations for Indian
companies.

Prescribed Book :

1. D.G.Luenberger, Investment Science, Oxford Unsitae Press,1998.

2. J.C.Hull', Options, Futures and Other Derivatjv&h ed., Prentice- Hall ,New York,2000.
3. J.C.Cox and M.Rubinstein, Option Market, Engled/€liffs,N.J.: Prentice- Hall,1985.

4. C.P. Jones. Investments, Analysis and Measureitbned.,John Wiley and Sons,1996.

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 10 — Modeling and simulation

1. Introduction to modeling and simulation. Systmalysis, classification of systems. System
theory basics, its relation to simulation.

2. Model classification: conceptual, abstract, sinculation models. Heterogeneous models.
Methodology of model building

3. Simulation systems and languages, means forlraodeexperiment description. Principles of
simulation system design

4. Parallel process modeling. Using Petri netsfanitg automata in simulation

Models o queuing systems. Discrete simulation nedébdel time, simulation experiment
control.

5. Continuous systems modeling. Overview of nunaéricethods used for continuous simulation.
6. Combined simulation. The role of simulation igithl systems design

7. Special model classes, models of heterogengstenss.

8. Checking model validity, verification of modeksnalysis of simulation results

9. Simulation results visualization. Interactivenglation

10. Design and control of simulation experimentsdel optimization

11. Generating, transformation, and testing of geemndom numbers. Stochastic models, Monte
Carlo method

12. Overview of commonly used simulation systems.

Prescribed Book :

1. Fishwick P.: Simulation Model Design and ExeauiPrenticeHall, 1995, ISBN 0-13-098609-
7

2. Law A., Kelton D.: Simulation Modelling and Aals, McGraw-Hill, 1991, ISBN 0-07-
100803-9

3. Rabova Z. a kol: Modelovani a simulace, VUT Brb@92, ISBN 80-214-0480-9

4. Ross, S.: Simulation, Academic Press, 2002, IBEIR-598053-1.

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.
MT 11 — Artificial intelligence

1. Overview of history and goals of Al : Tentatidefinitions. Turing's test. Knowledge vs.
Symbolic Level. Relations with other disciplinesyrii Philosophy, to Linguistics, to Engineering.
Review of Al successes and failures.

2. State Spaces, Production Systems, and Seatate:Space representation of problems.
Problem solving as search. Constraints. Definiind examples of Production Systems.
Heuristic search technigues. Two person games.



3. Knowledge Representation Issues: Procedural ketige Representation vs. Declarative
Knowledge + Reasoning. Facts, General Assertiores$,Kdowledge. The Frame Problem.

4. Using First-Order Logic for Knowledge Represénta: Propositional Logic: Semantics and
Deduction. First Order Logic: Semantics and DedurctUnification. Resolution-based theorem
proving. Using theorem proving to answer questamut the truth of sentences or to identify
individuals that satisfy complex constraints. LoBimgramming.

5. Common Sense Reasoning : No monotonic reasamitignodal logics for nonmonotonic
reasoning. How to deal with Agents and their Bslief

6. Weak Slot-and-Filler Structures: Semantic Nets Brames. Scripts for representing
prototypical combinations of events and actions.

7. Rule-Based Systems: Pattern-matching algoritfiims.problem of Control in Rule Based
Systems. The Rete Algorithm.

8. Planning: Representing plans. Partial ordermifan Planning applications.

9. Statistical Reasoning: Use of Certainty FadtoRule-Based Systems. Associating
probabilities to assertions in first-order logi@y@sian Networks. Fuzzy Logic.

10. Learning: Learning to classify concepts usefdires of their instances. Learning a concept
[Induction] from examples. Explanation-Based LeagniVersion Spaces. Neural Nets with back
propagation.

Prescribed Book :
Artificial Intelligence: A Modern Approach : Preaé-Hall, 1995

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.
MT 12 — Symmetries

1. Symmetry of plane figures of motions of the plamite groups of motions, discrete groups of
motion, symmetry, cosets, counting formula, permmarepresentations, finite subgroups of the
generators and relations

2. Operation of a group on itself, class equatithe isocahedral groups operations on subsets
groups of order12, free group generators and ogisti

3. Bilinear forms, symmetric forms, orthogonalig@gometry associated to a positive from,
Hermitian forms, spectral theorem, conics and guagdnormal operators, skew symmetric forms.

Prescribed Book :
Artin : Algebra (Prentice-Hall)
Chapters 5, 6 (sections 1, 2, 3), 7.

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.

MT 13 — Wavelet analysis

1. Fourier Transform : Fourier transform otfR) and 2(R) and basic properties and examples
2. Windowed Fourier Transform : Motivation and défon of Windowed Fourier Transform and
examples, Time frequency localization, the recarsion formula.

3. Continuous Wavelet Transform : Motivation andibigon of the wavelet transform and
examples, Basic properties, The reconstruction éitarFrequency localization, Orthonormal
Wavelets.

4. Multiresolution Analysis : Definition of MRA aneixamples, Properties of scaling functions
and orthonormal wavelets bases, Construction dbadrmal wavelets.



Prescribed Book :

1. Bachman G, L. Narici & E. Beckensterin: Fouaed Wavelet

Analysis, Springer-Verlage (2000)

2. Chui C. K. : An Introduction to Wavelets, AcaderRress (1992).

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.

MT 14 — Combinatorics

1. Counting Methods for selections arrangementsidBaounting principles, simple arrangements
and selections, arrangements and selection wittitigm, distributions, binomial, generating
permutations and combinations and programming pi®je

2. Generating function : Generating function modeddculating of generating functions,
partitions exponential generating functions, a sation method.

3. Recurrence Relations : Recurrence relation moilétle and conquer relations, solution of
inhomogeneous recurrence relation, solution wittegating functions.

4. Inclusion-exclusion: Counting with Venn diagraimslusion formula, restricted positions and
rook polynomials.

5. Ramsey Theory: Ramsey theorem, applicationsdongtrical problems.

Prescribed Book :

1. Alan Tucker, Applied Combinatorics (third editjp John Wiley & sons , New York (1995)

2. V. Krishnamurthy, Combinatorial, Theory and Apgptions, East West Press, New Delhi
(1989) Scientific, (1996)

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.
MT 15 — Partial differential equations

1. First order PDE, Linear Equations of first ordeharpit’'s method, Jacobi’'s method, Quasi-
linear equations, Non-linear first order PDE.

2. Second ordered PDE: Genesis, Classification,dimensional Wave equation, Laplace
equation, Boundary Value Problems, Maximum and Mumn Principles, Cauchy Problem,

3. Heat Conduction Problem, Duhamel’s Principle

Prescribed Book :
T. Amaranath: An Elementary Course in Partiafé@#ntial Equations (Narosa) Chapters 1-2.

N. B. : Students are also required to use suitalalthematical softwares to solve relevant problems.

MT 16 — Fuzzy logic

. Fuzzy Sets and Operations on Them

. Fuzzy Relations

. Fuzzy Rules

. Approximate Reasoning

Fuzzy Logic

. Fuzzy Systems (e.g., Fuzzy Logic Control)
. Fuzzy Logic in Pattern Recognition

. Fuzzy Decision Making

. Fuzzy Logic Applications



Prescribed Book :

George J. Klir, Bo Yuariuzzy Sets and Fuzzy Logic: Theory and ApplicatiBrentice Hall
PTR, 1995.

Hao Ying,Fuzzy Control and Modeling: Analytical Foundaticarsd ApplicationslEEE Press,
2000. (Do not need to buy it. A handout will betdimited).

MT 17 — Statistics and probability

1. Introduction to Discrete Probability : Intuitie®ncepts: probability of an event as a measure
between 0 and 1; random variable; probability distion; frequency interpretation of probability;
random numbers; coins, dice, and other games; ation; odds; historical development of
probability; random walks. 2. Formal concepts: siengpace, outcomes, and events; random
variable; discrete distribution functions and axsoofi probability; unions, intersections, and
complements; properties of probabilities, principfénclusion and exclusion; tree diagrams;
uniform distributions over finite sets, symmetnyfinite sample spaces with discrete probabilities.
3. Introduction to Continuous Probability: The iititte problems with probabilities over space
(line, plane, Rin general). Monte Carlo simulations, Buffon's Hee&ormal concepts: density
function for a continuous random variable; inteigrat cumulative distribution functions;
derivatives; exponential density function;

4. Conditional Probability : Intuitive concept asrditional probability; formal definition of
conditional probability; Bayes' formula for invergj conditional probabilities; independent events;
joint distribution functions; independent randomighles; independent trials. Conditional density
functions for continuous distributions; the betstilbution

5. Distributions and Densities : Uniform continualistributions; geometric distribution; Poisson
distribution; exponential and gamma distributiang;oduction to queuing theory; normal
(Gaussian) distribution; Chi-squared distribution

6. Expected Value and Variance : Expected valudiknrete random variables, expectation;
linearity of expectation; expectation of indepertdandom variables; conditional expectation;
variance and standard deviation; variance of vardistributions. Expectation and variance for
continuous random variables.

7. Sums of Random Variables : Analysis of sumsdépendent random variables with identical
distributions, that is, independent trials.

8. Law of Large Numbers : Chebychev inequality, Evaverages, law of large numbers.

9. The Central Limit Theorem : The central limiednem for Bernoulli trials, binomial
distributions again, the normal distribution, ttengral central limit theorem.

Prescribed Book :
Charles M. Grinstead and J. Laurie Snell's textdatkduction to Probability published by the
American Mathematical Society, 1997

MT 18 — Fluid dynamics

1. Physical Properties of fluids. Concept of flyi@®ntinuum Hypothesis, density, specific
weight, specific volume.

2. Kinematics of Fluids : Eulerian and Lagrangiagtimods of description of fluids, Equivalence
of Eulerian and Lagrangian method, General motiditu@ element, integrability and
compatibility conditions, strain rate tensor, stndine, path line, streak lines, stream function,
vortex lines, circulation.



3. Stresses in Fluids : Stress tensor, symmetsjre$s tensor, transformation of stress
components from one co-ordinate system to angthieciple axes and principle values of stress
tensor.

4. Conservation Laws : Equation of conservatiomags, equation of conservation of momentum,
Navier Stokes equation, equation of moments of nmbame, Equation of energy, Basic equations
in different co-ordinate systems, boundary condgio

5. Irrotational and Rotational Flows : Bernoull@guation, Bernoulli's equation for irrotational
flows, Two dimensional irrotational incompressibitavs, Blasius theorem, Circle theorem,
sources and sinks, sources sinks and doubletoiditmwensional flows, methods of images.

Prescribed Book :

1. An introduction to fluid dynamics, R.K. Rathyxford and IBH Publishing Co.
1976.

2. Theoretical Hydrodynamics, L. N. Milne Thomstdtacmillan and Co. Ltd.

3. Textbook of fluid dynamics, F. Chorlton, CBS Rsfers, Delhi.

4. Fluid Mechanics, L. D. Landau and E.N. LipschRergamon Press, London,
1985.

MT 19 — Banach algebras

1. Relatively compact sets, compactly continuowesafors, finite dimensional operators,
transformation that is bounded but not completelytinuous, a type of transformation that is
always completely continuous, further propertiesamhpletely continuous transformations.
2. Spectra and the resolvent set, Approximate pregdees, Banach Algebra With identity,
compactness of the spectrum, the resolvent opef@pectral radius and spectral mapping
theorem for polynomials, the Gelfand Theory.

3. Sesquilinear functions: Spectral results fommarand completely continuous operators,
numerical range

4. The Fredholm alternative theory, the spectbtbm for bounded, normal Finite dimensional
operators.

5. Commutative Banach Algebras, ideals and homohiemps.

Prescribed Book:
1. Walter Rudin: Functional Analysis, Tata MeGroill Rublishing co.
New Delhi.

MT 20 — Boundary value problems

1. Definition of boundary Value Problems, the hegtation, wave equation, Laplace’s equation,
the Fourier method, Liner Operators, Principal gp&position, series solutions, uniform
convergence (weierstrass M-test), separation éhblkms, non homogeneous conditions, Sturm-
Liouville problems, formal solutions, the vibratisging.

2. Orthogonal sets of functions, Generalized Fowwggies, Best approximation in the mean,
Convergence in the mean, the orthonormal trigonooeinctions, other types of orthogonality.
3. sturm-Liouville Problem and applications, orthoglity and uniqueness of eigenfunctions,
method of solutions, surface heat transfer othentary value problems.

4. Bessel functiomJrecurrence relation, the zero e{d) and related functions, Fourier-Bessel
series, Temperatures in a long cylinder.

5. Legendre polynomials, orthogonality of Legengoé/nomials, Legendre series, Dirichlet
Problem in spherical regions.



Prescribed Text Book
R.V. Churchill and J. Brown.: Fourier Series andiBadary Value Problems {4
edition)(Publisher: McGraw-Hill Book Company)

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.

MT 21 - Baer* rings

1. Rings with involution

2. Poset of projections

3. Proper involutions and C*-algebras

4. Rickart *-rings and Bear *-ring

5. Weakly Rickart *-rings and unitification

6. Central cover

7. Additivity of projections

8. Comparability axioms and parallelogram law
9. Finite and abelian projections

10. Structure Theorem

Prescribed Book: Bear *-rings, S.K. Berberian, 8ger

MT 22 — Matroid theory

1. Basic definitions and examples

Independent sets and circuits, bases, rank, clogaoenetric representations of matroids of small
rank, transversal matroids, the lattice of flatg greedy algorithm.

2. Duality

The definition and basic properties, duals of repngéable matroids, duals of graphic matroids,
duals of traversal matroids.

3. Minors

Contraction, Minors of certain matroids, flats ahd sum theorem

4. Connectivity

Connectivity, for graphs and matroids, propertiesatroid connectivity, more properties of
connectivity.

Prescribed Book :
James G. Oxley, Matroid Theory Science Publicatindgord (1992)(Chapter 1 to 4)

MT 23 — Sperner theory

1. Introduction and Sperner's Theorem: A Simplerggction result, Sperner's theorem, Theorem
of Bollobaas.

2. Normalized Matching and rank numbers: Sperrmoef, system of distinct representatives, L
Y M inequalities, and normalized matching propeRgnk numbers, some examples.

3. Symmetric Chain: Symmetric chain decompositi@ikyorth’s theorem, symmetric chains of
sets, Application to Nested chains, posets witimsystric chain decompositions.

4. Rank numbers of multisets. Unimodality and logrectivity, the normalized matching
property. The largest size of a rank number.

Prescribed Text Book
lan Anderson : Combinatorics of Finite Sets. (OdfScience Publications)



Reference Book.
Konrad Engel: Sperner Theory (Cambride UniversigsB)

MT 24 — Differential equations and dynamical system

1) Liner Systems: Uncoupled Liner Systems, Diagaatibn, Exponential of operators
Fundamental theorem for liner systems, liner systenik, Complex eigenvalues, multiple
eigenvalues,jorden Canonical Forms, stability thééwhomogeneous Liner systems.

2) Nonlinear Systems: Local Theory, Fundamentadterce theorem dependence on initial
conditions and parameters, the maximal intervaixigtence, Flow defined by a differential
equation. Linearization, stable manifold theorerarthhan-Grobman theorem, Stability and
Lipunov functions, Saddles, Nodes, Foci and cenidoshyperbolic critical points iniR
Gradient and Hamiltonian system.

Prescribed book :

(1) L. Perko- Differential Equations and Dynamisgstems (1991) Springer-verlag

(2) Hirsch and Smale — Differential Equations, Dyigal Systems, and Liner Algebra -
Academic Press, New York, (1974) .

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.
MT 25 — Mechanics

1. Sec 1.1-1.6 Survey of Elementary Principles.

2. Sec. 2.1-2.7 Variational Principles & Lagrandgedsiation
3. Sec.3.1-3.7 Central Force problem

. Sec. 4.1-4.10 Kinematics of rigid body motion

. Sec. 8.1-8.2 Hamilton Equations of motion

. Sec.9.1-9.9 Canonical Transformations

IN

5
6
Prescribed Book :

Classical Mechanics by Goldstein, Poole and Safkird Edition) 2002, Person Education Inc.
Supplementary Reading (1) Rana & Joag Classicahkftscs (Tata McGraw Hill)

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 26 Algebraic Topology

Fundamental group, Separation theorems in the p&iatert- van Kampen Theorem,
Classification of covering spaces.

Prescribed book:
James R. Munkres : Topology, Pearson,(2002) CtaptelO, 11, 13.

MT 27 Advanced Calculus I

Manifolds, Differential forms, Stokes theorem.



Prescribed book :
J. R. Munkres : Analysis on Manifolds , Addison Wégs(1993) Chapters 5,6,7.

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.
MT 28 Field Theory

1. Field Extensions :
Basic Theory of Field Extensions
Algebraic Extensions
Classical Straightedge and Compass Constructions
Splitting Fields and Algebraic Closures
Separable and Inseparable Extensions
Cyclotomic Polynomials and Extensions

2. Galois Theory :
Basic Definitions
The Fundamental Theorem of Galois Theory
Finite Fields
Galois Groups of Polynomials
Solvable and Radical Extensions: Insolvabilitylod Quintic

Text Book : Dummit and Foote, Abstract Algebra, Hudition, Wiley Eastern Ltd.

Chapters : 13.1t0 13.6

14.1t0 14.3, 14.614.7 (statements only)

Reference Books :

1. O. Zariski and P. Sammuel, Commutative Algekia, 1, Van Nostrand.

2. P. Bhattacharya and S. Jain, Basic AbstractXkyeSecond Edition,
Cambridge University Press.

N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.
MT 29 Differential Geometry

Graphs and level sets, vector fields, tangent spacefaces, vector fields on surfaces, orientatianss
map, geodesics, parallel transport,Weingarten mapature, arc length and line integrals, curvatfre
surfaces, parametrised surfaces, surface areacduntde, exponential map, surfaces with boundary.
Prescribed Book:

John A. Thorpe : Elementary topics in differen@dometry , Springer (2004 ) Chapters : 1-12, 74, 1
19,20.

N. B. : Students are also required to use suitadalhematical softwares to solve relevant problems.

MT 30 Fourier Analysis

Vibrating string, heat equation, basic propertieBaurier series, convergence of Fourier series,
applications of Fourier series, Fourier transfomio

Prescribed Book:
E. Stein and Shakarachi : Fourier Analysis, Prioicéfniversity, Chapters 1-5.

N. B. : Students are also required to use suitedalhematical softwares to solve relevant problems.

MT 31 Commutative Algebra



Rings and ideals, modules, rings and modules ofifnas, primary decomposition, integral dependearud
valuations, chain conditions, Noetherian ringsjrArings, discrete valuation rings, and Dedekinthdns.

Prescribed book : M. F. Atiyah and |. G. Macdon#éhtdroduction to commutative algebra, Sarat
Impressions, (2007) Chapters 1 — 9.

N. B. : Students are also required to use suitalalhematical softwares to solve relevant problems.



