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M. Sc. Program in Mathematics and Scientific Computing

Program Structure

First Semester:

S. No. | Course Name of the Course Credit | L+T+P
code

1. MANS51101 | Programming Languages 4 3+0+2

2. MANS51102 | Real Analysis 4 3+1+0

3. MANS51103 | Algebra 4 3+1+0

4. MANS51104 | Advanced Differential Equations 4 3+1+0

5. MANS51105 | General Topology 4 3+1+0

Second Semester:

S. Course Name of the Course Credit | L+T+P

No. | code

1. MANS52101 | Fluid Dynamics 4 3+1+0

2. MANS52102 | Principles of Numerical Computations 4 3+1+0

3. CSN52103 | Data structure 4 3+0+2

4 MANS52104 | Probability and Statistics 4 3+1+0

5. MANS52105 | Machine Learning and Artificial Intelligence | 4 3+0+2
with R

6. HSN52105 | Communication Skill and Personality 4 3+1+0
Development

Third Semester:

S. Course Name of the Course Credit | L+T+P

No. | code

1 MANS53101 | Mathematical Modeling 4 3+1+0

2. MANS53102 | Complex Analysis 4 3+1+0

3. MANS53103 | Optimization 4 3+1+0

4 MANS53104 | Mathematical Methods 4 3+1+0

5 Elective 1 4

List of Electives for Third Semester

Students can choose a course from the following as an elective:
Elective 1
MANS53301 Coding Theory

MANS53302 Computational Fluid Dynamics
MANS53303 Number Theory




MANS53304 Analytical Dynamics and Generalized Coordinates
MANS53305 Advanced Topology

MANS53306 Operating System

MANS53307 Design and Analysis of Algorithm

MANS53308 Commutative Algebra

MANS53309 Research Methodology and Research Ethics

Note: Students going for internship will complete

any three

elective  courses

(3 credits / 4 credits) from the List of Electives for the Fourth Semester from NPTEL. They will
have to submit the grade sheets of the courses completed via NPTEL in the department. The online

course of 3 credits/12 weeks will be equivalent to the offline course of 4 credits. They will also

submit a report of the internship done during this period, and will make presentation in the

department for the evaluation of grade.

Students not going for internship, will choose a project for the IV semester under a teacher in the
department, before going to the winter vacations. At the end of the IV" semester student will
submit a thesis/report of the project and will make presentation in the department for the
evaluation of grade. These students will do the offline courses offered by the department.

Fourth Semester:

S. No. | Course Name of the Course Credit | L+T+P
Code

1. *Elective- 2 4

2 *Elective- 3 4

3 *Elective- 4 4

4. MANS54601 | Project / Internship Report 8

*Note: Elective-2, Elective-3 and Elective-4 courses are to be chosen from the following list of

electives for the fourth semester.

List of Electives for Fourth Semester

MANS54301 Statistical Simulation and Data Analysis
MANS54302 Algebraic Geometry

MANS54303 Cryptography

MANS54304 Symmetry Analysis of Differential Equations

MANS54305 Magnetogasdynamics and Hyperbolic Systems

MANS54306 Graph Theory

MANS54307 Functional Analysis

MAN54308 Financial Mathematics

MAN54309 Special Functions

MAN54310 Wavelet Analysis

MANS54311 Digital Image Processing

MANS54312 Differential Geometry and Tensor Analysis
MANS54313 Discrete Mathematics

MANS54314 Fuzzy Set Theory, Arithmetic and Logic
MANS54315 Set Theory and Mathematical Logic
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MANS54316 Foundations of R Software

MANS54317 Essential Mathematics for Machine Learning
MANS54318 Representation Theory of Finite Groups
MAN54319 Research Methodology and Research Ethics

M. Sc. -Mathematics and Scientific Computing
Program Qutcomes

PO-01 | Advanced Mathematical Theory: Equip students with a deep understanding of
advanced mathematical concepts, including algebra, analysis, and topology, to facilitate
rigorous problem-solving.

PO-02 | Numerical Methods Proficiency: Develop expertise in numerical methods for solving
complex mathematical problems, emphasizing accuracy, stability, and efficiency.

PO-03 | Computational Skills: Foster strong programming skills in languages and tools relevant
to scientific computing, such as Python, MATLAB, or C++, to implement algorithms
and models.

PO-04 | Modelling Techniques: Teach students to construct, analyze, and validate mathematical
models that represent real-world phenomena across various scientific disciplines.

PO-05 | Data Analysis and Visualization: Train students in statistical techniques and data
visualization methods to extract insights from large datasets

PO-06 | Interdisciplinary Collaboration: Encourage collaboration across disciplines, allowing
students to apply mathematical and computational techniques to fields such as
engineering, biology, finance, and physics.

PO-07 | Research Methodology: Prepare students to conduct independent research, including
literature review, experimental design, data collection, and analysis.

PO-08 | Software Development: Provide knowledge of software development practices,
including version control, testing, and documentation, for building robust scientific
applications.

PO-09 | Critical Thinking and Problem Solving: Enhance critical thinking skills through
challenging coursework and projects, enabling students to approach complex problems
methodically.

PO-10 | Ethics in Computing: Instill an understanding of ethical considerations and societal
impacts related to mathematics and computing, promoting responsible practices in
research and application.

PO-11 | Communication SKkills: Develop effective communication skills for presenting
mathematical concepts and research findings clearly to the diverse audiences, including
technical and non-technical stakeholders.

PO-12 | Lifelong Learning: Encourage a mindset of lifelong learning, preparing students to stay
updated with emerging trends and technologies in mathematics and scientific computing.




1. Program Specific Outcomes (PSOs)

PSO-01 | Graduates will be able to apply advanced mathematical theories and computational
methods to analyze and solve complex real-world problems across various fields,
demonstrating proficiency in modelling, simulation, and optimization.

PSO-02 | Graduates will demonstrate the ability to develop, implement, and critically evaluate
algorithms and software solutions for scientific computing, showcasing strong
programming skills and an understanding of best practices in software development
and data analysis in a team environment; develop life-long learning, scientific skills
and distinctive managerial traits.

Course Code: Credits:
MANS51101 3-0-2:4
Prerequisites: NIL

Programming Languages

Course Objective: The primary objective of this course is to introduce student with the basics of
computer programming and develop well-structured program in C/C++. The course aims is to
develop students' skills in core programming concepts, such as data types, control structures,
functions, and memory management in C, while gaining proficiency in more advanced topics like
classes, inheritance, polymorphism, and operator overloading in C++. This course provides the
knowledge of writing modular, efficient and readable programs in C and C++ that is very efficient
and powerful and, given the ubiquity of C compilers, can be easily ported to many different
platforms.

Course Outcome

At the end of the course, the student will be able to:

S.N. Outcomes

COl | Understand the basics of programming and differentiate between various programming
languages.

CO2 | Provide hands-on experience with the fundamental decision control structures such as
If-Else, Conditional expressions, and Switch.

CO3 | Understand and apply the use of nested loops and recognize situations where loop
nesting is necessary for complex problem-solving.

CO4 | Develop programs that define and use classes and objects to represent real-world
entities.

COS5 | Use virtual functions to achieve runtime polymorphism, enabling flexible software
design.




Course Articulation Matrix:

PO1

PO2 | PO3 | PO4 | POS5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12

PSO1

PSO2

Col1

1

1 2 1 - 1 - 1 1 1 1 1

CO2

1

1 2 1 - 1 - 1 1 1 1 2

CO3

CO4

COs

Svllabus

Module

Content

Lectures

1.

Introduction to Computer Programming: Programming and
Programming Languages, Algorithms and flow charts, Introduction to C,
The C character set-Identifiers, Constants, Variables, Primitive Data
Types Declarations, Operators and Expressions: Classification of
Operators, Operator Precedence and Associativity, Representation of
expressions, Library Functions for Data input and output statements,
Structure of a C Program, Formatted input and output statements,
Comments in a C Program.

06

Branching and Iteration: Control Statements: Decision Control
Instruction-If, If-Else, Conditional Expression (? :), Loop Control
Instructions- While Loop, Do-While Loop, For Loop, Case Control
Instructions- Switch, Break and Continue, Goto.

0s

Functions: Introduction and Development of user defined Functions,
Function Prototypes, Passing Arguments to a Function. Call by Reference,
Call by Arguments, Recursive Function.

06

Arrays and Structures: One dimensional Array and Strings, Introduction
to Pointers, Pointer Declarations, Pointer Arithmetic, Array of Pointers,
Multidimensional Arrays, Structure and Union, User-defined data types
(typedef), Passing Structures to Functions. Dynamic Memory Allocation,
File Handling Operations: Formatted input and output, Character input
and output.

10

Object-Oriented Programming: Introduction to C++, Overview of
Object-Orientation Programming, Classes and Objects: Introduction to
Class and its Components, Structures and Classes Static Class Data,
Constant Member Functions and Constant Objects, Friend Function and
Class, Inline Function, Constructors and Destructor.

06

Operator Overloading, Inheritance and Polymorphism: Operator
Overloading: Overloading Unary Operators, Overloading Binary
Operators, Data Conversion, Overloaded Member Functions, Abstract
Classes, Types of Inheritance, Virtual Functions and Base Class, Pointer
to Derived Class Objects, Array of Pointers to Base Class Objects, Pure

07
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Virtual Functions, Virtual Destructors, Kinds of Polymorphism, Inclusion
Polymorphism, Virtual Methods, Polymorphic Objects.

Practical's will be based on the coverage of the above topics. (20 Hours)
(Total Contact Time: 40 Hours + 20 Hours= 60 Hours)
Practical

Practical based on basics of C programming.

Practical based on Control Statement and loops using C/ C++ programming.
Practical based on the array using C/ C++ programming.

Practical based on Pointers in using C/ C++ programming.

Practical based on structures using C programming.

Practical based on Function using C programming.

Practical based on Objects and Classes using C++ programming

Practical based on Function using C++ programming.

Practical based on Operator Overloading using C++ programming.

10. Practical based on inheritance using C++ programming.

CRAANME WD

Texts/References Books:

1. Herbert Schield, Complete Reference in C,” TMH
Yashwant Kanetkar,” Let us C”, BPB
Balaguruswamy, “Programming in ANSI C,” TMH
Yashwant Kanetkar “Pointers in C”
Budd, “Object Oriented Programming”, Addison Wesley.
Mastering C++ K.R Venugopal Rajkumar, TMH.
C++ Primer , “Lip man and Lajole”, Addison Wesley.
Balaguruswami, “Object oriented with C++”, TMH .
Maria litvin , Gary litvin, “Programming in C++”,Vikas.
10 D Samantha, “Object oriented Programming in C++ and Java”, PHL

00N LR W

Course Code: Real Analysis Credits:

MANS1102
Prerequisites: NIL

3-1-0:4

Course Objective: The course unit aims to introduce the concept of real analysis and their
rigorous treatment. Studying the basic topological properties of the real numbers. Have the
knowledge of real functions-limits of functions and their properties. Studying the notion of
continuous functions and their properties. Studying the differentiability of real functions and
related theorems. This course describes how the basic ideas of real analysis can be
extended/developed to advance topics, e.g., how the Rieman integration defined over real line can
be extended to RS Integration defined over any monotonic increasing/decreasing function and then
to Lebesgue integration defined over measurable sets. The concept of limit, continuity and
differentiability is generalized to function of several variables (say defined over R") Important
results are the construction principle, Inverse function theorem and implicit function theorem.
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Course Outcome

Real Analysis develops the theory of calculus carefully and rigorously from basic principles,
giving the student of mathematics the ability to construct, analyze, and critique mathematical
proofs in analysis.

S.N.

Outcomes

CO1

By this module student can understand the basic concept of real numbers and metric
spaces such as, neighborhood, open sets, closed sets and cluster points, compact sets,
perfect sets, connected sets, limit point, interior point, etc.

CO2

By this module student can understand the concept of Rieman Stiltjes Integration and its
geometrical interpretation with some standard applications. Student can learn how the
concept of integration over real line is generalized to the integration over any
monotonic curve.

COo3

By this module student can learn the fundamental concept of convergence of the
sequence and series of functions, called Uniform Convergence. Students can also learn
the relationship between Uniform convergence and Continuity, Integration, and
Differentiation of the functions.

CO4

By this module student can learn the fundamental concept of differentiability for the
function of several variables. Students can learn how the concept of differentiability for
real valued function is generalized to the real valued function of several variables and
vector valued function of several variables. Student can also learn the contraction
principle, the inverse Function Theorem, and the Implicit Function Theorem.

CO5

By this module student can understand the concept of measure, measurable sets, more
specifically Lebesgue measure and measurable function. Student can learn to find the
measure of any arbitrary set.

CO6

By this module student can understand how the concept of integration over real line is
generalized to the integration over a measurable set, student can also learn the relation
between Riemann Integration and Lebesgue Integration and some fundamental results
on Lebesgue integration.

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8 |PO9|PO10PO11|PO12[PSO1| PSO2
COl| 3 - - - - - - - 1 - - 1 3 1
CO2| 3 - - - - - - - 2 - - 1 3 1
CO3| 3 - - 2 - 1 - - 2 - - 2 3 1
CO4 | 3 1 - - - 1 - - 2 - - 2 3 1
CO5| 3 1 - - - 1 - - 2 - - 2 3 1
CO6 | 3 - - - - - - - 2 - - 1 3 1
Syllabus
Module Content Lectures
1. Basic Topology and Metric Spaces: Metric spaces, neighborhood and 7
open sets, closed sets and cluster points, continuity and uniform
continuity, compact sets, perfect sets, connected sets.
2. Riemann-Stieltjes Integral: Definition and existence of integral, 7
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properties of integral, integration and differentiation, integration of
vector-valued functions.

3. Sequence and Series of Functions: Uniform convergence, uniform 6
convergence and continuity, uniform convergence and integration,
uniform convergence and differentiation.

4, Function of Several Variables: Linear transformation, 8
differentiation, the  contraction  principal, the inverse  function
theorem, the implicit function theorem, derivative of higher orders.

5. Lebesgue Measure: Outer measure, Measurable sets and Lebesgue 6
measure. Measurable functions, Littlewood’s three principles.

6. Lebesgue Integration: Lebesgue integration, Lebesgue’s monotone 6

convergence theorem, Fatou’s Lemma, Lebesgue convergence theorem,
Convergence in measure.

Reference Books:

1.

ol

Al e e

W. Rudin, Principles of Mathematical Analysis, 3rd ed., McGraw-Hill, 1983.

H.L. Royden, Real Analysis, 3rd ed., Macmillan, 1988.

T. Apostol, Mathematical Analysis, 2nd ed., Narosa Publishers, 2002.

N. L. Carothers, Real Analysis, Cambridge University Press, 2000.

S. C. Malik, S. Arora, Mathematical Analysis, New Age International (P) Ltd. Second
Edition, 2004.

Charles G. Denlinger, Elements of Real Analysis, Jones and Bartlett Publishers, 2011.

K. Ross, Elementary Analysis: The Theory of Calculus, Springer Int. Edition, 2004.

P.R. Halmos, Measure Theory, Graduate Text in Mathematics, Springer-Verlag, 1979.
Inder K. Rana, An Introduction to Measure and Integration (2nd ed.), Narosa Publishing
House, New Delhi, 2004.

Course Code: Credits:

MANS1103 3-1-0:4

Prerequisites: NIL

Course Objective: This course aims to provide an advance knowledge in algebra, which is one of
the basic pillars of modern mathematics. Main objectives are:

To learn the basic ideas and notions of abstract algebra.

To study of certain mathematical structures called groups, modules, Principal ideal
domain, fields theory and some related structures.

To understand Group action and its applications, Sylow’s theorems, Principal Ideal
Domains, Euclidean domains, Field extensions.

To understand basic concepts of Galois theory
Short exact sequence, free modules, Projective Modules,

Rational Canonical Form, Jordan Canonical Form, Affine Varieties Hilbert basis Theorem
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Course Outcome

Algebra gives student a good mathematical maturity and enables to build mathematical thinking
and skills to:

S.N. | Outcomes
COl | Understand fundamental approaches in abstract algebra.
CO2 | Obtain knowledge of group action and Sylow theorems to apply to study group
structure.
CO3 | Obtain knowledge of Principal Ideal domains, Euclidean domain, modules,
projective modules, field theory.
CO4 | Use linear algebra concepts to compute canonical forms and use these concepts of
algebra and linear algebra in different areas.
COS5 | Demonstrate ability to think critically by interpreting theorems and relating results
to problems in other mathematical disciplines.
CO6 | Be able to solve concrete problems in the above topics and knowledge and skills
to:
e Demonstrate capacity for mathematical reasoning through analyzing,
Proving and explaining concepts from advanced algebra.
e Applications of these in number theory diverse situations in physics,
engineering and other mathematical,

Course Articulation Matrix:

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2
COl1 3 1 1 - - - - - 1 1 1 3 3
CO2 3 2 2 - - - - - 1 1 2 3 3
CO3 3 3 3 - - - - - 2 2 2 3 3
CO4 3 1 2 - - - - - 1 1 1 3 3
CO5 3 3 3 - - - - - 2 2 2 3 3
CO6 3 3 3 - - - - - 2 2 2 3 3
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Svllabus

Module

Content

Lectures

An overview of Groups, Rings and Fields, Group action, normalizer and
centralizer, Class formula, Sylows theorems, applications of Sylows
theorems. Principal Ideal Domains, Euclidean domains, Chinese remainder
theorem and its applications, irreducibility criteria of Polynomial Rings.

06

Field extensions, finite extensions, algebraic elements, algebraic
extensions, splitting fields, finite fields, their existence and
characterization, extensions and subfields of finite fields. Construction and
representation of finite fields using polynomials over Z p,

06

Normal extensions, separable extensions, Fixed fields, Galois groups,
Galois extensions, properties and examples, Fundamental theorem of
Galois theory, solvability by radicals,Insolvability of quintics, cyclotomic
extensions.

06

Basic concepts of modules, Noetherian modules, equivalent conditions of
Noetherian modules, Noetherian ring, Hilbert basis theorem, Short exact
sequence, Zorn’s lemma and axiom of choice (Statements only), free
modules, Projective Modules.

10

Linear operators on finite dimensional vector spaces, Eigenvalues and
Eigenvectors, diagonalizability, Invariant subspaces, Triangularizability,
Annihilating polynomials, Direct Sum Decomposition, Invariant direct
sums, Primary Decomposition. Jordan Canonical form and Rational
Canonical form, Jordan-Chevalley theorem.

06

Texts / References:
1. Algebra Vol I & II, Ramji Lal

® N kDN

Lidl and Niederreiter, Finite Fields and Applications.

Hoffman and Kunze, Linear Algebra.

D S Dummit and Foote: Abstract Algebra, John Wiley & sons
Henry Helson, Linear Algebra.

Patrick Morandi: Field and Galois Theory, Springer

Derek J.S. Robinson: An Introduction to Abstract Algebra

P.B. Bhattacharya, S.K. Jain, S.R. Nagpaul: Basic Abstract Algebra.
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Course Code: Credits:

MANS1104

Advanced Differential Equations 3-1-0:4

Prerequisites: NIL

Course Objective: The course Advanced Differential Equations aims to provide students with an
in-depth understanding of both ordinary and partial differential equations, emphasizing advanced
solution techniques and their applications. Students will explore methods for solving first and
second-order PDEs, including characteristic methods and Green’s functions, and learn to apply
special functions like Bessel and Legendre functions in real-world problems. The course covers a
wide range of topics, from boundary value problems and wave equations to heat conduction and
vibrating membranes, ensuring students gain both analytical and numerical problem-solving skills
in higher dimensions and various coordinate systems. By the end, students will be equipped to
handle complex differential equations in physics and engineering contexts.

Course Outcome

S.N.

Outcomes

COl

Demonstrate an advanced understanding of both first and second-order ordinary
differential equations (ODEs) and partial differential equations (PDEs) by solving
problems involving linear and non-linear equations, using appropriate methods like series
solutions and Green's functions.

CO2

Use methods such as Charpit’s method, Jacobi’s method, the method of characteristics, and
integral surfaces to solve first-order PDEs, and apply them to real-world problems
involving various physical phenomena. Apply special functions like Bessel, Legendre, and
hypergeometric functions to solve specific problems in physics, including vibrations of
strings, heat conduction, and wave propagation.

CO3

Solve boundary value problems (BVPs) and initial value problems (IVPs) using various
techniques, including the method of superposition, eigenfunction expansion, and Green’s
functions, for various geometries such as half-planes, circles, and rectangles.

CO4

Solve and interpret solutions to wave and heat conduction equations, both in one, two, and
three dimensions, and demonstrate a solid understanding of concepts such as wave
propagation, heat flow in bars, and membrane vibrations.

COs5

Solve PDEs in higher-dimensional Cartesian, polar, and spherical coordinates, and apply
them in real-world problems, using principles like Duhamel's principle and Kelvin's
inversion theorem.

CO6

Solve complex PDEs analytically, as well as use numerical techniques to approximate
solutions where analytical solutions are not feasible, ensuring applicability to a wide range
of problems in applied mathematics, physics, and engineering.

Course Articulation Matrix:

PO1|PO2[PO3[PO4[PO5[PO6 [PO7[POS[PO9 [PO10[PO11[PO12[PSO1| PSO2
cot| 3 3|1 |1 |- -1-]T-T-7T1 1173 3
co2| 3 3 22 - -T-7T-T-7T1 1273 3
co3| 3 [ 3 [ 3|3 - - -1-1T-1T2127127S3 3
coda| 3 [ 3 [ 1|2 - - -]T-T-7T1 17173 3
cos| 3 |3 [ 3|3 - - -1-1T-T1T2127127S3 3
co6| 3 |3 [ 3|3 - -1 -1-T-1T2127]127S: 3
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Module

Content

Lectures

1.

Review of First order and Second order ODE, Green’s Function, Series
Solutions, Special Functions (HyperGeometric, Legendre and Bessel’s
Function) First order P.D.E.: Curves and Surfaces, Genesis of First order
P.D.E., Classification of Integrals.

07

Linear Equations of the First order, Pfaffian Differential equations,
Compatible Systems, Charpit’s Method, Jacobi’s Method, Characteristic
Method, Integral Surfaces Through a Given Curve, Quasi-Linear
Equations, Non-Linear First Order P.D.E.

Second order P.D.E.: Genesis of Second order P.D.E., Classification of
second order PDE. One dimensional Wave Equation, Vibrations of an
Infinite String, Vibrations of a Semi-Infinite String, Vibrations of a String
of Finite length, Riemann Method.

08

Laplace’s Equation, Boundary Value Problems (Homogeneous and non-
Homogeneous), Maximum Minimum Principles, Cauchy Problem, The
Dirichlet problem for Upper Half Plane, The Neumann problem for Upper
Half Plane The Dirichlet problem for a circle, The Dirichlet Exterior
problem for a Circle, Method of Superposition, The Neumann problem for
a circle, The Dirichlet problem for a rectangle.

08

Harnack’s Theorem, Laplace equation- Green’s Function, The Dirichlet
problem for a Half Plane, Solution of Poisson Equation,Vibrating
Membrane, Solution of Wave equations in the presence of External force
by Eigen-Function Method in one dimension, two Dimensions and three
Dimensions.

07

Solution of Circular Membrane in terms of Bessel’s Function, D’
Alembert’s solution of the Wave equation Heat Conduction Problems,
Heat Conduction-Infinite bar, Heat Conduction-Finite bar.

07

Duhamel’s Principle: Wave Equations, Heat Conduction equations,
solution of Heat Equation in two and three dimensions (cartesian, polar
and spherical coordinate system) in terms of Bessel’s and Legendre’s
Functions, Classification in case of n-variables, Families of Equipotential
Surfaces, Kelvin’s Inversion Theorem.

08

Texts/References Books:

1. G.F. Simmons, Differential equations with Applications an historical Notes, Tata

McGrawHill, Second Edition-2003.
2. I. N. Sneddon, Elements of partial differential equations, McGraw-Hill, Newyork (1957).
3. TynMyint U, Partial differential equations of Mathematical Physics, Elsevier(1973).
4. Phoolan Prasad, Partial Differential Equations, New Age International Publishers(1985).

5. T. Amaranath, An elementary course in partial differential equations, Narosa Publication

(1997).
6. K.Sankar Rao, Introduction to Partial Differential Equation, PHI, 2011.
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Course Code: Credits:
MANS51105 3-1-0:4

General Topology

Prerequisites: Basic concepts of metric spaces.

Course Objective: The course provides the study of topological spaces and their structure-
preserving functions (homeomorphism functions). Topological methods strengthen a great deal of
present day mathematics and theoretical physics. Topological spaces are sets which have sufficient
structure so that the notion of continuity may be defined for functions between topological spaces.
The basic definitions and standard examples of topological spaces as well as various types of
topological spaces with good properties: connected spaces, locally connected, compact spaces,
separation properties and convergence via nets and filters are discussed.

Course Outcome

S.N. Outcomes

CO1 | Determine whether a collection of subsets of a set determines a topology, construct
topology via basis and subbasis.

CO2 | Use the definitions of the subspace topology, the product topology and the quotient
topology, understand the use and proof of their universal properties and be familiar with
standard examples such as topological surfaces.

CO3 | Recognize whether or not a topological space is Ti, T2, T3, Tychonoff and T4 and be
familiar with their basic properties with proofs.

CO4 | Recognize whether or not a subset of a topological space is connected and determine the
connected subsets of the real line.

COS5 | Recognize whether or not a subset of a topological space is compact and be familiar
with the basic properties of compact subsets and their proofs.

CO6 | Understand the concept of convergence in a topological space and its relationship with
other topological properties.

Course Articulation Matrix:

PO1|PO2|PO3 |PO4 |PO5|PO6|PO7|PO8 |PO9|PO10PO11|PO12[PSO1| PSO2

COol]| 3 - - - - 3 1 - 3 3 2 - 3 2
COo2| 3 - - - - 312 - 2 1 1 - 3 1
COo3| 3 - - - - 3 3 - 3 2 2 - 3 2
CO4 | 3 - - - - 3 1 - 2 1 1 - 3 3
CO5| 3 - - - - 3 3 - 3 2 2 - 3 3
CO6 | 3 - - - - 3 3 - 3 2 2 - 3 2

Syllabus

Module Content Lectures
1. Introduction to topological spaces: Introduction to metric spaces. 06

Topological Spaces, metric topology, ordered topology, open sets, closed
sets, interior, exterior, boundary and closure of a set, limit points of a set,
characterization of closed sets and dense sets, separable spaces, basis and
subbasis of a topology, first countable and second countable spaces.

2. Construction of topological spaces: Subspace topology, hereditary 07
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properties, product topology, productive properties, quotient topology,
identification spaces (torus, projective spaces P" Mobius strip and Klein
bottle).

3. Separation Axioms: 79 spaces, 7;-spaces, Hausdorff spaces, Regularity, 09
Complete Regularity, Normality, characterizations of these spaces,
Urysohn Lemma, Tietze Extension Theorem, Tychonoff embedding and
Urysohn Metrization Theorem.

4. Connectedness: Connected and disconnected spaces, Connected 05
subspaces of the real line, Components, local connectedness, path
connected and locally path connected spaces.

5. Compactness: Compact spaces and their characterizations, compactness 07
and separation properties, Local-compactness and its properties.
Tychonoff Theorem, One-point Compactification, Lindelof spaces.

6. Nets and filters: Directed sets and nets, subnets and cluster points, filters, 06
Convergence in terms of nets and filters, topology and convergence of
nets, filters, ultrafilters and their convergence properties, characterizations
of convergence of nets and filters with compactness, Hausdorffness.

Texts/References Books:
1. J.R. Munkres, Topology : A First Course, Prentice —Hall, New Delhi.
2. G.F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill.
3. K.D. Joshi, Introduction to General Topology, New Age International Pvt. Ltd.
4. J.L. Kelly, General Topology, Springer NY
5. S. Willard, General Topology, Dover Publ.

Course Code:
MANS2101
Prerequisites: NIL

Fluid Dynamics

Course Objective: Fluid Dynamics course objective is to provide a solid foundation in the
dynamics of fluid flows. The course aims is to develop students' skills to understand the
Kinematics of Fluid, Stresses and Strains Analysis, Fundamental Equations of Fluid Flows, One-
dimensional Inviscid Incompressible Flow, as well as the Boundary Layer Theory and their
applications in solving real physical problems related to fluid flow. Students will gain the ability to
drive the fundamental conversation laws for fluid flow, to calculate the total force at a point in
fluid, model and solve the linear and nonlinear wave propagation problem such as propagation of
sound and shock wave in gas, and to apply these concepts to model and solve the real-world
various flow problems.

Course Outcome

S.N. Outcomes

CO1 | Demonstrate a clear understanding of fluid kinematics, relation between material, Local
and convective derivative, Different methods to describe fluid motion, Boundary
condition and boundary surface, Irrotational and rotational motions.

CO2 | Analysis of Stresses and Strains, and its properties such as Stress components in a real
fluid, Symmetry of Stress, Transformation of stress and rate of strain, Relations between
stress and rate of strain.
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COo3

Demonstrate basic equations in different coordinate systems governing fluid motions
such as: Equation of continuity, Conservation of momentum, Navier- Stokes Equations
of Motion of a viscous fluid, Equation of energy.

CO4

One-dimensional inviscid incompressible flow; Integration of Euler’s equation under
different conditions, Steady motion under conservative body forces, Euler’s momentum
theorem.

CO5

Compressibility effects in real fluids, Element of wave motion in a Gas, Speed of
Sound, Equation of motion of a Gas, Classifications of flow, Flow through a nozzle,
Shock formation, Normal and Oblique shock waves and their elementary analysis.

CO6

Concepts of Boundary Layer Theory; Reynolds Number, Boundary Layer Thickness
and Equations in Two-Dimensional Flow, Boundary Layer Along a Flat Plate, Blasius
Solution, Boundary Layer on a Surface with Pressure Gradient, Prandt’s Boundary
Layer, Karman's Integral Relation.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

COl | 3 3 - 2 1 1 1 - 3 1 2 1 3 3
CO2| 3 3 - 2 1 1 1 - 3 1 1 2 3 3
CO3| 3 3 - 3 1 2 | 2 - 3 2 2 1 3 3
CO4 | 3 3 - 3 1 3 3 - 3 3 1 1 3 3
CO5| 3 3 - 3 1 3 3 - 3 3 2 2 3 3
CO6 | 3 3 - 3 1 1 3 - 3 3 1 2 3 3

Syllabus

Module Content Lectures

1. Kinematics of Fluid: Fluid properties, material, Local and convective 07
derivatives, Lagrangian and Eulerian Methods of fluid motion. Boundary
condition and boundary surface, Stream lines, Path lines and Streak lines,

Stream tube, Velocity potential, Vorticity vector, Vortex line, Vortex tube,
Irrotational and rotational motions.

2. Stresses and Strains Analysis: Stress components in a real fluid. 07
Symmetry of Stress, Transformation of stress Components, Rate of strain
Quadric and Principal Stresses, Transformation of rate of strain, Relations
between stress and rate of strain.

3. Fundamental Equations of Fluid Flows: Equation of continuity, 07
Conservation of momentum Euler’s form, Navier- Stokes Equations of
Motion of a viscous fluid, Equation of energy, Fundamental equations in
cylindrical and spherical coordinates.

4. One-dimensional Inviscid Incompressible Flow: Integration of Euler’s 06
equation under different conditions, Pressure equation Bernoulli’s
equation, Steady motion under conservative body forces, Euler’s
momentum theorem.

5. Flow of Inviscid Compressible Fluid: Compressibility effects in real 07
fluids, Element of wave motion in a Gas, Speed of Sound, Equation of
motion of a Gas, Subsonic, sonic and supersonic flows, Isentropic gas
flows, Flow through a nozzle, Shock formation, Normal and Oblique
shock waves and their elementary analysis.

6. Boundary Layer Theory: Reynolds Number, Boundary Layer Concepts, 06
Boundary Layer Thickness, Boundary Layer Equations in Two-
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Dimensional Flow, Boundary Layer Along a Flat Plate, Blasius Solution,
Boundary Layer on a Surface with Pressure Gradient, Prandt’s Boundary
Layer, Karman's Integral Relation.

Texts/References Books:

F. Chorlton: Text Book of Fluid Dynamics, C.B.S. Publishers, Delhi, 1985.

S.W. Yuan, Foundation of Fluid Mechanics, Prentice-Hall of India Pvt Ltd, 1976.

G. K. Batchelor, Introduction to Fluid Mechanics, Foundation Book, New Delhi, 1994.

P.K Kundu and I.M. Cohen, Fluid Mechanics, Academic Press, 2010.

N.E. Neill and F. Chorlton, Ideal and Incompressible fluid dynamics, Ellis Horwood Ltd, 1986
D.E. Rutherford:Fluid Dynamics, Oliver and Boyd Ltd, London, 1978

S

Course Code: Credits:

Principles of Numerical Computations

MANS2102
Prerequisites: NIL

3-1-0:4

Course Objective: The objective of the course is to make the students aware of numerical
methods for the solution of some of the main problems of the scientific computing are introduced;
their implementation and analysis are given by using interactive environments for the computing
and the scientific visualization.

Course Outcome

S.N. QOutcomes

CO1 | Derive numerical methods for various mathematical operations and tasks, such as
interpolation, differentiation, integration, the solution of linear and nonlinear equations,
and the solution of differential equations.

CO2 | Demonstrate understanding of common numerical methods and how they are used to
obtain approximate solutions to otherwise intractable mathematical problems

CO3 | Apply numerical methods to obtain approximate solutions to mathematical problems.

CO4 | Analyze and evaluate the accuracy of common numerical methods.

COS5 | Understand numerical differentiation and integration and numerical solutions of
ordinary and partial differential equations.

CO6 | Able to establish the implement numerical methods and limitations for solving various
engineering problems.

Course Articulation Matrix:

PO1|PO2[PO3[PO4[PO5[PO6 [PO7[POS[PO9 [PO10[PO11[PO12[PSO1| PSO2
cot| 3 |31 |1 |- -1-]T-T-7T1 1173 3
co2| 3 322 --T-1T-T-7T1 1273 3
co3| 3 [ 3 [ 3|3 - - -1-1T-1T2127127S3 3
coda| 3 [ 3 [ 1|2 - - -]T-T-7T1 17173 3
cos| 3 |3 [ 3|3 - - -1-1T-T1T2127127S3 3
co6| 3 [ 3 [ 33| -1-1-1T-1-T21T27127S: 3
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Syllabus

Module

Content

Lectures

1.

Linear Equations and Eigen-value Problems: Direct and iterative
methods for solution of linear system and their error analysis, Solution of
tri-diagonal systems, Methods for ill-conditioned linear system, Eigen
value and eigenvectors, Jacobi, Given’s and Householder transformations
for eigenvalue problems.

07

Interpolation: Errors in polynomial interpolation, Finite differences,
Symbolic relations and separation of variables, Newton, Lagrange,
Stirling, Bessel and Everett’s interpolating polynomials, Spline
interpolation.

06

Curve Fitting, B-spline and Approximation: Linear and non-linear
curve fitting by least squares method, Cubic spline fitting, Representation
of B-splines, Approximations of functions, Chebychev Polynomials,
Economization of power series.

06

Numerical Differentiation and Integration: Numerical differentiation
by interpolating polynomials and error analysis, Numerical integration by
Trapezoidal and Simpson’s rule, Cubic spline method, Romberg
integration

07

Numerical solution of Ordinary Differential Equations: Taylor series
method, Modified Euler method, Runge-Kutta methods, Predictors-
corrector methods, Cubic spline method, Boundary value problems,
Stability and Convergence criteria, Error analysis.

07

Numerical Solution of Partial Differential Equations: Classification of
partial differential equations of second order, Numerical Solution of
elliptic, parabolic and hyperbolic partial differential equations- specially
Laplace, Poisson, heat conduction and wave equations by finite difference
and cubic spline methods.

06

Texts/References Books:

1. C.F.Gerald and P.O.Wheatley, Applied Numerical Analysis, Pearson Education

2. M.K.Jain, S.R K.Iyenger and R.K.Jain, Numerical Methods for Scientific and Engineering
Computation, Wiley Eastern Ltd.

3. S.S Sastry, Introductory Methods of Numerical Analysis, Prentice Hall..

e

Inc.

S. Rajasekharan, Numerical Methods for Science and Engineering, S.C hand.
James I. Buchman and Peter R.Turner, Numerical Methods and Analysis, McGraw-Hills
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and

Course Code: Data Structures Credits:

CSN52103 3-0-2:4
Prerequisites: C programming and Basic of Mathematics.

Course Description

This course introduces the student’s fundamentals of data structures and takes them forward to
software design along with the course on Algorithms. It details how the choice of data structures
impacts the performance of programs for given software application. This is a precursor to DBMS

Operating Systems. A lab course is associated with it to strengthen the concepts.
Course Objectives

Students undergoing this course are expected to:
1 | Give Knowledge of elementary Data organization, Complexity, Revision of Programming
concepts
2 | Give Basic& Advanced Knowledge of Array, Stack ,Queue& Linked List
3 | Give Basic & Advanced Knowledge of Tree
4 | Give Basic & Advanced Knowledge of Searching and Sorting
5 | Give Basic & Advanced Knowledge of Tree Graph
6 | Give Knowledge of elementary Data organization, Complexity, Revision of Programming
concepts
Course Outcomes
CO

Number | Course Outcomes (Action verb should be in italics | Bloom’s taxonomy

Students Understood elementary Data organization,

Identify/Knowled
cot Complexity, Revision of Programming concepts entlyrhnowlecse
CcO2 Students Understood Basic &Advanced Knowledge | Understanding /Analyzing
of Array, Stack ,Queue& Linked List
Cco3 Students Understood Basic Advanced Knowledge of Understanding
Tree
Students Understood Basic& Advanced Knowledge .
Appl
cod of Searching and Sorting PPLyIng
CO5 Students Understood Basic& Advanced Knowledge | Understanding/Comprehensi

of Tree Graph on
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Course Articulation Matrix:

PO1|PO2|PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10|PO11|PO12|PSOI

PSO2

COl

CO2

CO3

CO4

CO5

W[ W[ W[ W W
W[ W[ W[ W W
W[ = [N —
W |W (N —

1

1

1

1

1
N[ [ DN = | =
N[ [ DN = | =
N =N —
W[ W[ W[ W W

[OSHRUSHRUS } QUSROS

Svllabus

Module

Content

Lectures

1.

Introduction: Basic Terminology, Elementary Data Organization,
Algorithm, Efficiency of an Algorithm, Time and Space Complexity,
Asymptotic notations: Theta, Big-O, and Omega, Time-Space trade-off.

Abstract Data Types (ADT)

02

Arrays: Definition, Single and Multidimensional Arrays, Representation
of Arrays: Row Major Order, and Column Major Order, Application of
arrays, Sparse Matrices and their representations.

Linked Lists: Array Implementation and Dynamic Implementation of
Singly Linked Lists, Doubly Linked List, Circularly Linked List,
Operations on a Linked List. Insertion, Deletion, Traversal, Polynomial
Representation.

Stacks: Abstract Data Type, Primitive Stack operations: Push & Pop,
Array and Linked Implementation of Stack in C, Application of stack:
Prefix and Postfix Expressions, Evaluation of postfix expression,
Recursion, Tower of Hanoi.

Queues: Abstract Data Type, Operations on Queue: Create, Add, Delete,
Full and Empty, Circular queues, Array and linked implementation of
queues in C, Deque and Priority Queue.

06

Trees: Basic terminology, Binary Trees, Binary Tree Representation:
Array Representation and Dynamic Representation, Complete Binary
Tree, Algebraic Expressions, Extended Binary Trees, Array and Linked
Representation of Binary trees, Tree Traversal algorithms: In order,
Preorder and Post order, Binary Search Trees, Threaded Binary trees,
Traversing Threaded Binary trees, Heap, B/B+ Tree, AVL tree.

04

Searching& Sorting:
Sequential search, Binary Search, Comparison and Analysis

Internal Sorting: Bubble Sort, Selection Sort, Insertion Sort, Two Way
Merge Sort, Heap Sort, Quick Sort Hashing

04

Graphs: Terminology, Sequential and linked Representations of Graphs:
Adjacency Matrices, Adjacency List, Adjacency Multi list, Graph
Traversal: Depth First Search and Breadth First Search, Connected
Component, Spanning Trees, Minimum Cost Spanning Trees: Prims and

04
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Kruskal algorithm. Shortest Path algorithm: Dijikstra Algorithm

Linear Equations and Eigen-value Problems: Direct and iterative
methods for solution of linear system and their error analysis, Solution of
tri-diagonal systems, Methods for ill-conditioned linear system, Eigen
value and eigenvectors, Jacobi, Given’s and Householder transformations
for eigenvalue problems.

Data Structure Lab Outline:
1. Writing programs based on implementation of operations on queues
Linked lists: Traversing, searching, Insertion, deletion from linked list
Sorting: Insertion Sort, Quick sort, two-way Merge sort
Heap sort, Sorting on different keys, External sorting
Trees: Binary search tree traversing, searching, insertion, deletion, AVL Tree
Graphs: Adjacency matrices, Transversal, Spanning trees,
Shortest path, Topological Sort

AN

Text Books:

1. Aaron M. Tenenbaum, YedidyahLangsam and Moshe J. Augenstein “Data Structures
Using C and C++”, PHI

Reference Books:
1. Horowitz and Sahani, “Fundamentals of Data Structures”, Galgotia Publication
2. Donald Knuth, “The Art of Computer Programming”, vol. 1 and vol. 3.

3. Jean Paul Trembley and Paul G. Sorenson, “An Introduction to Data Structures with
applications”, McGraw Hill

4. R. Kruse etal, “Data Structures and Program Design in C”, Pearson Education

Lipschutz, “Data Structures” Schaum’s Outline Series, TMH

Credits:
3-1-0:4

Course Code: MANS52104 Probability and Statistics

Prerequisites: NIL

Course Objective: The course Probability and Statistics is designed to provide students with a
comprehensive foundation in both theoretical and applied probability and statistics. Students will
explore fundamental concepts in probability, including conditional probability, Bayes' theorem,
and random variables, along with key distributions such as Bernoulli, Poisson, and Normal. The
course also covers important statistical concepts, such as point estimation, hypothesis testing, and
regression analysis. Students will learn to apply statistical methods to real-world problems,
including constructing confidence intervals, performing hypothesis tests, and analyzing data using
both simple and multiple regression models. By the end of the course, students will be equipped
with the tools needed for statistical inference, analysis, and decision-making in various fields.
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Course Outcome

S.N.

Outcomes

COl

Demonstrate a solid understanding of the axiomatic definition of probability,
conditional probability, and independence, and apply these concepts to solve problems
involving random variables and distributions.

CO2

Identify and apply the properties of various probability distributions such as Bernoulli,
Binomial, Poisson, Normal, and others, and compute moments, expectations, and
variances for different random variables.

CO3

Analyze joint, marginal, and conditional distributions, and compute expectations for
functions of random variables, applying the weak law of large numbers and central limit
theorem to real-world problems.

CO4

Use methods of point estimation, such as the method of moments and maximum
likelihood estimation (MLE), to estimate parameters and evaluate their properties such
as unbiasedness, consistency, and relative mean squared error (MSE).

CO5

Apply various hypothesis testing techniques, including likelihood ratio tests, p-value,
and tests for means, variances, and proportions, and understand the relationship between
confidence intervals and hypothesis tests.

CO6

Understand and apply simple linear regression techniques, perform hypothesis tests on
regression coefficients, and use multiple regression analysis to examine relationships
between variables. Analyze variance through ANOVA techniques for experimental
designs like completely randomized design and randomized block design. Use statistical
tools for quality control, such as Shewhart control charts and Cusum charts, to monitor
and maintain quality in industrial and manufacturing processes.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5|PO6|PO7|PO8|PO9 PO10|PO11PO12|PSO1| PSO2

CcOl1 | 3 3 1 1 - - - - - 1 1 1 3 3

co2 | 3 3 2 2 - - - - - 1 1 2 3 3

CO3 | 3 3 3 3 - - - - - 2 2 2 3 3

CO4 | 3 3 1 2 - - - - - 1 1 1 3 3

CO5 | 3 3 3 3 - - - - - 2 2 2 3 3

CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus
Module Content Lectures

I. Axiomatic definition, Properties. Conditional probability, Bayes rule and 07
independence of events. Random variables, Distribution function,
Probability mass and density functions, Expectation, Moments, Moment
generating function, Chebyshev’s inequality.

2. Bernoulli, Binomial, Geometric, Negative Binomial, Hypergeometric, 08
Poisson, Uniform, Exponential, Gamma, Normal joint distributions,
Marginal and conditional distributions, Moments, Independence of
random variables, Covariance, Correlation.
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3. Functions of random variables. Weak law of large numbers, P. Levy’s 08
central limit theorem (finite variance case), Normal and Poisson
approximations to binomial.

4, Population, Sample, Parameters. Point Estimation: Method of moments, 07
MLE, Unbiasedness, Consistency, Comparing two estimators (Relative
MSE). Confidence interval estimation for means, difference of means,
variance, proportions, Sample size problem.

5. N-P Lemma, Examples of MP and UMP tests, p-value, Likelihood ratio 07
test, Tests for means, variance, two sample problems, Test for
proportions, Relation between confidence intervals and tests of
hypotheses, Chi-square goodness of fit tests, Contingency tables, SPRT

6. Scatter diagram, Simple linear regression, Least squares estimation, Tests 08
for slope and correlation, Prediction problem, Graphical residual analysis,
Q-Q plot to test for normality of residuals, Multiple regression, Analysis
of Variance: Completely randomized design and randomized block
design, Quality Control: Shewhart control charts and Cusum charts.

Texts/References Books:

1. R. Murray, Probability and Statistics.

2. Frederich Mosteller, Probability and Statistics.
3. S. C. Gupta and V. K. Kapur, Probability

Course Code: MANS2104  Machine Learning and Artificial Intelligence Credits:

with R RE A

Prerequisites: NIL

Course Objectives:

To provide a survey on different machine learning techniques

To understand the principles and concepts of machine learning

To learn various clustering approaches

To understand and apply heuristic search techniques for real-world applications

To understand and implement evolutionary computation methods

To develop programming skills that help to build real-world applications based on machine
learning and Al methods

AR ol ol A

Course outcomes:
With the completion of this course, students will be able to:

1. Handle machine learning-based tool
2. Develop machine learning algorithms for real-world applications
3. Implement clustering algorithms
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4. Suggest heuristic and evolutionary computation methods for real-world applications
5. Develop/Implement the machine learning and Al tools for any application

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5|PO6 |PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

COl | 2 3 3 2 2 3 - - - - 2 3 3 3
CO2| 2 3 3 3 2 3 - - - - 2 3 3 3
CO3 | 2 3 3 3 2 3 - - - - 2 3 3 3
CO4 | 2 3 3 3 2 3 - - - - 2 3 3 3
CO5| 2 3 3 3 2 3 - - - - 2 3 3 3

Syllabus

Module Content Lectures
I. Introduction: Basic definitions and concepts, Types of Machine 06

Learning, Supervised Learning, Unsupervised Learning, Reinforcement
Learning, The curse of dimensionality, Error analysis and validation

2. Machine Learning Models: Supervised Learning, Classification 06
models, Naive Bayes Classifier, Decision trees, Support Vector Machines,
KNN model, Dimensionality reduction

3. Clustering: Approaches for clustering, Distance metrics, K-means 05
clustering, Hierarchical clustering, Fuzzy clustering

4. Artificial Intelligence Methods: History of Al, Hill Climbing, Simulated 06
annealing, Genetic Algorithms - An Illustrative Example, Hypothesis
Space Search, Measure of performance and analysis of search algorithms,
Models of Evolution and Learning

3. Evolutionary Computation: Single and multi-objective optimization, 07
Genetic algorithms, Differential Evolution, Particle Swarm Optimization
and Ant Colony Optimization

Lab practical components:

Train a classifier for a given (standard) dataset.

Use the trained SVM model to make predictions on the test dataset.

K-means clustering, fuzzy clustering implementation using a tool.

Heuristics and search strategy for traveling salesperson problems.

Implement n-queens problem using Hill-climbing, simulated annealing, etc.

Implementation of genetic algorithm, differential evolution, particle swarm optimization, and
ant colony optimization for a given optimization problem.

AN ol ol

Books and References:

1. Tom Mitchell, “Machine Learning”, First Edition, Tata McGraw Hill India, 2017.
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2. Vinod Chandra SS, Anand Hareendran S, “Artificial and Machine Learning”, First Edition,
PHI Learning, 2014.

3. Boehmke, B., & Greenwell, B. M. (2019). Hands-on machine learning with R. Chapman and
Hall/CRC.

4. G. Luger, W. A. Sttubblefield, “Artificial Intelligence”, Third Edition, Addison-Wesley
Longman, 1998.

5. Kalyanmoy Deb, Multi-Objective Optimization using Evolutionary Algorithms Paperback —
2010, Wiley

Course Code: Communication Skill and Personality Credits:

HSNS2105 Development 3-1-0:4
Prerequisites: NIL

Course Objectives: The primary objective of the course is to develop the communication skills of
the students including listening, speaking, reading, writing (LSRW skills) and train them in various
soft skills to develop their personality. In today’s context with technical skills, soft skills such as
managerial skills, team building skills, leadership skills etc. play a vital role in making a person
unique and become successful in any organisation. Hence, this course aims to train the students
with requisite skill sets required before the placement and after the placement to be successful in
an organisation.

Course Outcome

S.N. Outcomes

COl | Understand the significance of communication skills and personality development in
today’s context.

CO2 | Understand the theories and process of communication.

CO3 | Learn different models and techniques of personality development.

CO4 | Develop effective communication skills.
COS5 | Learn strategies to manage an organisation efficiently and effectively.

CO6 | Apply different communication and personality grooming techniques in real life
situations.

Course Articulation Matrix:
PO1|PO2|PO3|PO4|PO5|PO6|PO7|POS|PO9 |PO10|PO11|PO12|PSO1| PSO2

col| - | - | - | - - -1T-71-
co2| - | - [ - -1 -T-7T-71-
co3| - | - -1 -1T-T-7T-7T-
coa| - | - | - | - -1 -1T-71-
cos| - | - -1 -1T-1T-71T-7-
co6| - | - | - | - | -1 -1-71-

|t |t |t |t |
NN NN
W W W W[ W |Ww
NN NN
NN NN

Svyllabus

Module Content Lectures
1. Communication: LSRW skills, Verbal and Nonverbal communication, 06

Oral communication, Written communication, Communication cycle.
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Business communication. Communication as academic discipline.

Barriers to effective human communication:.1 Physical barriers,.2 06
System design,.3 Attitudinal barriers, 4 Ambiguity of words/phrases,.5
Individual linguistic ability,.6 Physiological barriers,7 Presentation of
information Communication noise : Environmental noise Physiological-
impairment noise Semantic noise, Syntactical noise, Organizational noise,
Cultural noise, Psychological noise.

Personality Development: Theories and models. 07
Organizational Behaviour: introduction to organizational behaviour in
management; Foundations of individual behaviour -personality;
perception; learning; values, attitudes and job satisfaction; ability and
motivation.

Group Dynamics and Team building: Foundations of group behaviour; 07
group decision making; Leadership: power and politics, conflict.
interpersonal skills.

Organization; Foundations of organization structure; Job stress;
Organizational culture: Meaning, importance and characteristics of
organization culture. Ethics in organizations.

Activities for Soft Skills and Personality Development 07
Professional Etiquettes and Work-Life Management, Stress Management
and Coping Strategies, Personal Efficiency and its Effectiveness,
Professional Ethics and its Role in Personality Development, Developing
Leadership Skills through Soft Skill and Personality Development.

Organization Change and Development: Significance of change; Forces 07
of change: Resistance to organizational change; Management of change,
Organization development: Concept, characteristics and assumptions;
Goals, approaches and techniques of organization development.

Texts/References Books:

1.

[98)

Ivancevich, John and Michael T. Matheson, Organisational Behaviour and Management,
Business Publication Inc., Texas.
Koontz, Harold, Cyril ‘O’ Donnell, And Heinz Weihrich, Essentials of Management,
Fourth Edition, McGraw-Hill, Singapore.
Luthans, Fred, Organizational Behaviour, 7 th ed., McGraw-Hill, New York.
Nelson, Debra L. and James Campbell Quick, Organizational Behaviour, West Publishing
Company, St. Paul.
Robbins, S., Judge, T., Millett, B., & Boyle, M. (2011). Organisational Behaviour. 6th ed.
Pearson, French's Forest, NSW p315-317.

Dorch, Patricia. What Are Soft Skills?

New York: Execu Dress Publisher,2013

Klaus, Peggy, Jane Rohman & Molly Hamaker. The Hard Truth About Soft Skills. London:
Harper Collins E-books,2007.

Petes S. J., Francis. Soft Skills and Professional Communication. New Delhi: Tata
McGraw-Hill Education, 2011.
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https://en.wikipedia.org/wiki/Communication#Syntactical_noise
https://en.wikipedia.org/wiki/Communication#Cultural_noise
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https://en.wikipedia.org/wiki/Communication#Psychological_noise

Course Code: Mathematical Modeling Credits:

MANS3101

3-1-0:4

Prerequisites: NIL

Course Objective: The objective of the course will be on seeking the connections between
mathematics and physical systems, studying and applying various modelling techniques to creating
mathematical description of these systems, and using this analysis to make predictions about the

system’s behaviour and to communicate the entire process (abstraction, hypothesis, analysis,

conclusion)— to your intended audience .

Course Outcome

S.N. Outcomes

COl | Handle concepts used in Mathematical Modelling.

CO2 | Analyze simple physical phenomena to develop Mathematical models.

CO3 | Mathematical modeling in population Dynamics and Interpret results to evaluate the
behavior of a system.

CO4 | Apply Mathematical modeling techniques to Medical and real-world problems.

COS5 | Critically assess the effectiveness of models in describing physical phenomena.

CO6 | Develop and refine models concerned with economics, medicine, Tourism to

improve the accuracy of system analysis.

Course Articulation Matrix:

POl | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | POI12 | PSO1 | PSO2
COl1 | 3 3 1 1 - - - - - 1 1 1 3 3
CO2 | 3 3 2 2 - - - - - 1 1 2 3 3
CO3 | 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 1 - - - - - 1 1 1 3 3
CO5 |3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
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Svllabus

Module

Content

Lectures

1.

Mathematical Models, types of Mathematical models and
properties, Elementary models, Models by the Extent of generality,
Principle of modeling, Solution method for models, Characteristics,
advantages and Limitations of a model.

06

Discrete and continuous dynamical system modeling, Modeling
from input/output data, Classical and continuous models. The
process of data modeling. Formulation of models. Validation of
modeling.

06

Single species models, Exponential, logistic, Bifurcations and
chaos, Gompertz growth, Harvest model, Mathematical modeling in
population dynamics Interacting population model, Dynamics of
exploited populations, Spatially structured models.

06

Deterministic and stochastic models, tools, techniques, modelling
approaches. Models of single and interacting populations, prey-
predator, competition. Model for dialysis, Model for brain tumor.
Modelfor Chemical Kinematics.

06

Mathematical Modelling in Epidemiology and Public Health,
Health, and Disease Concept, Aims and Approach of Epidemiology
/steady states, equilibria, stability, oscillations, introduction to RO;
SIS endemics, SIR epidemics and SISV exploring ODE models of
disease epidemic spreading and compartment models.

06

Mathematical modeling in economics, medicine, Tourism,
Sensitivity Analysis for Uncertainty Quantification in Mathematical
Models,  Nonlinearity, = Uncertainty, @ &  nonconventional
Computational Methods to develop models associated with medical
sciences.

06

References/Books

1.  Mathematical Modelling by J.N. Kapur, New Age International, 1998

Sl

Mathematical Biology by J.D. Murray, Springer, 2003

Francis Group (CRC), 2005,

5. Claudio Cobelli, Ewart Carson, Introduction to Modeling in Physiology and Medicine*-

Academic Press Series in Biomedical Engineering, Elsevier, 2008,
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Elements of Mathematical Ecology by Mark Kot, Cambridge University Press, 2001
Mathematical Models & Methods for Real World Systems by Frauti, Siddiqui, Taylor




: its:
CUROE Complex Analysis (;r:,d(;.:

MANS53102
Prerequisites: NIL

Course Objective:

This course is aimed to provide an introduction to the theories of functions of complex variables
and developing a clear understanding of the fundamental concepts of complex analysis such as
Cauchy-Riemann relations, analytic functions, harmonic functions, residues, complex integrals and
to furnish an introduction to their applications. This course will enable students to acquire skill of
contour integration to evaluate complicated real integrals via residue. With this course, the students
will learn the transformation of images from z-plane to w-plane.

Course Outcome

S.N. Outcomes

CO1 | Demonstrate a clear understanding of functions of complex variable and its limit,
continuity and differentiation. This module will also demonstrate a clear understanding
of Cauchy-Riemann equations, analytic functions and various properties of analytic
functions.

CO2 | This module enables students to understand Cauchy Goursat and its inverse theorem,
Cauchy integral formulas, Cauchy’s inequality and existence of maximum value of
analytic function. This module demonstrates that how the skill of contour integration
can be used to evaluate some complicated integrals to handle the real-life application.

CO3 | Understand the expansion of function of complex variable as a power series such as
Taylor series, Laurent’s series and its convergence.

CO4 | To understand the classification of singularities such as poles, removable singularities,
essential singularities and branch point singularities. With this module, students will
enable to understand many valued functions and its branches with special reference to
log z and Z*. This module is aimed to provide an idea about the Evaluation of integrals
by the use of Cauchy’s Residue Theorem.

COS5 | This module is designed to provides knowledge about the application of Residue
Theorem in various real-life physical problem where the evaluation of improper real
integrals and definite integrals involving Sines and Cosines are complicated. This
module demonstrates the uses of argument principle and Rouche’s theorem.

CO6 | This module provides fundamental knowledge of linear transformation of complex
variables and helps to understand the process of images transformation from z-plane to
w-plane.

Course Articulation Matrix:

PO1|PO2[PO3[PO4[PO5[PO6[PO7[POS[PO9 [PO10[PO11[PO12[PSOI| PSO2
cot| 3| - | - - -3 -]-13]-1-1717S3 1
co2| 3 2 -2 -13-1-13]-1-1727S: 3
co3| 3 |2 | -2 -3 -] -13]-1-1273 2
coa| 3 | - [ -1 [ -3 -] -T2 -17T-717T17S3 2
cos| 3 |2 | -2 -3 -] -13]-1-1273 2
CO6 | 3 ST 2 2 T2 3 1
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Svllabus

Module Content Lectures

1. Analytic function: Functions of complex variable, Limits, Continuity, 06
Derivatives, Cauchy-Reimann Equations, Sufficient Condition for
Differentiability, Analytic Function, Harmonic Function, Reflection
Principle.

2. Complex Integration: Contour Integrals, Antiderivatives, Cauchy- 08
Goursat Theorem, Cauchy’s integral formula, higher order derivatives,
Morera’s Theorem, Cauchy’s inequality and Liouville’s theorem, The
fundamental theorem of algebra, Maximum modulus principles.

3. Series Expansion: Absolute and Uniform convergence of Power series, 06
Weierstrass Theorem, Taylor series, Laurent’s series, Zeroes and poles,
Schwarz lemma.

4. Singularities and Residues: Classification of Singularities, branches of 08
many valued functions with special reference to log z and z% Residues,
Cauchy’s Residue Theorem, Evaluation of integrals, Meromorphic
functions.

5. Application of Residue Theorem: Evaluation of Improper real integrals, 08
Definite Integrals involving Sines and Cosines, The argument principle,
Rouche’s theorem, inverse function theorem.

6. Conformal Mapping: Linear Transformation, Linear Transformation 06

w = — Definition and examples of conformal mappings, Conformality

Theorem, conformal mapping of polygons, Bilinear transformations, their
properties and classifications.

Texts / References:
1. James Ward Brown, Ruel V. Churchill, Complex Variables and applications, 8" ed., Mc Graw

Hill.
2. Murray R. Spiegel, Theory and Problems of Complex Variables, SI(metric) edition, Schaum’s
Outline Series, 1981.
J.B. Conway, Functions of One Complex Variable, 2nd ed., Narosa, New Delhi.
L.V. Ahlfores, Complex Analysis, McGraw Hill book company.
R. Remmert, Theory of Complex Functions, Springer Verlag.
A.R. Shastri, An Introduction to Complex Analysis, Macmilan India.

ANl

30



Course Code: .. Credits:
Optimization

MANS53103
Prerequisites : NIL

3-1-0:4

Course Objective: The objective of this course is to provide students with a deep understanding of
optimization techniques and their applications in decision-making and problem-solving. Students
will learn to formulate and solve a range of optimization problems using methods including linear
programming, simplex algorithms, transportation and assignment models, game theory, non-linear
programming, queuing theory, and inventory modelling. The course aims to develop students'
analytical skills and their ability to apply optimization techniques to real-world scenarios.

Course Outcome

S.N. QOutcomes

COl | The course provides a basic understanding to formulate optimization problems in
mathematical terms, including linear and non-linear programming, and express them
using appropriate models and constraints.

CO2 | Solve linear programming problems using graphical and algebraic methods, including
the simplex method, two-phase simplex method, and duality principles. Address and
resolve issues related to degeneracy and integer programming.

CO3 | Construct and solve transportation and assignment problems using the transportation
algorithm and the Hungarian method. Handle complexities such as degeneracy and
replacement issues effectively.

CO4 | Analyze and solve two-person zero-sum games using game theory principles, including
the maxmin and minimax strategies, and convert game problems into linear
programming problems for solution.

COS5 | Solve non-linear programming problems using techniques such as quadratic forms, the
Lagrangian method, and Kuhn-Tucker conditions. Apply these methods to optimize
complex systems with non-linear. Understand and apply queuing theory concepts to
model and analyze systems with random arrivals and service processes, including
Poisson processes and exponential distributions.

CO6 | For effective project management. Apply inventory control models to optimize
inventory levels and make informed decisions in both deterministic and probabilistic
contexts.

Course Articulation Matrix:

PO1[PO2[PO3[PO4[PO5[PO6|PO7[PO8[PO9 [PO10[PO11[POI12[PSO1| PSO2
col| 3 |3 |1 |1 ]| - - -1T-7-T7T17]1]1]3 3
co2| 3322 -] -T-1T-7-T7T1711]273 3
Co3| 3 [ 3 [3 |3 - -1 -]-T-T21271273 3
cos| 3 31 |2 - - -1T-7-T7T1711 173 3
cos| 3|3 3|3 - -1-1-1-T271271271S: 3
Co6| 3 |3 3 |3 - -1 -1T-T-T21271273 3
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Svllabus

Module Content Lectures

1. | Nature and Scope of operations research. Mathematical formulation of the 06
linear programming problem, Graphical solution methods, Mathematical
solution of linear programming problem, Matrix formulation of general
linear programming problem.

2. Fundamental properties to solution corroboration of extreme points, 08
Simplex algorithm, computational procedures, Artificial variables, Big M-
method, Two phase Simplex method, Unrestricted variables, Problems of
degeneracy, Principle of duality in simplex method, Formation of dual
with mixed type of constraints, Solution of primal and dual constraints,
Integer programming. Non-linear programming, Quadratic programming,
Lagrangian method, Kuhn Tucker condition.

3. Construction and solution of these models, the transportation problem, 08
matrix form of transportation problem, Initial basic feasible solution,
Transportation algorithm, Degeneracy in transportation problem,
Replacement problem, Assignment problem- Hungarian method.

4. Introduction, Two persons zero sum games, The maxmin and minimax 06
principles. Graphical solution: Reduction of game problem to LPP.

5. | Poission process and Exponential distribution, Classification of queues, 08
Queuing models.

6. Types of inventory, Inventory decisions, Economic order quantity, 04

Deterministic inventory problem, Probabilistic problem.

Texts/References Books:

An introductory Operation Research: K.D. Kumar

Operation Research, Theory and Application by J.K. Sharma, Macmillan India
Quantitative techniques in Management by N. D. Vohra, TMH

Linear Programming by N.P. Loomba

Operation Research: An Introduction by H.A. Taha,

Operation Research, Kanti Swarup,P K Gupta, Man Mohan, Sultan Chand and Sons.
'Introduction to Operations Research', Hillier, F.S. and G.J. Lieberman, , 9th Ed., 2010,
McGraw Hill, New York

8. Online Source: NPTEL.

Nk v =
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Course Code: Credits:

MANS3104 Mathematical Methods 3.1-0:4

Prerequisites: NIL

Course Objective: Mathematical Methods course objective is to provide a solid foundation in
mathematical methods. The course aims is to develop student's skills in Mathematical Methods
such as Integral equations, Laplace and Fourier Transforms, Fourier series, as well as in
Calculation of Variation and their applications in solving real physical problems. Students will
gain the ability to analyze and solve the integral equation, definite integral, eigen value problem,
and initial and boundary value problems involving ordinary and partial differential equations, and
apply these concepts to model and solve the real-world problems.

Course Outcome

S.N. Outcomes

COl | Understanding of the techniques to solve initial and boundary value problems such as
Laplace and Fourier transform methods. Sturm-Liouville Problem and its solutions,
CO2 | Definition and method for solving integral equations; Abel's Problem, Conversion of
ordinary differential equation into integral equation, Fredholm Integral Equations of
first, second and third kinds, Homogeneous Fredholm Integral Equation, Volterra
integral equations of first, second and third kinds, Homogeneous Volterra integral
equation, Singular Integral Equations.

CO3 | Types of Kernals such as Symmetric Kernals, Degenerate Kernals, Iterated Kernals,
Resolvent Kernals. Definition and technique for obtaining Eigen values and Eigen
functions of Integral operator, Solution by eigen values and eigen functions method.
CO4 | Solution of Fredholm Integral Equations of the second kinds with degenerate kernals,
Method of Successive Approximations,
Method of successive substitutions, Neumann series, Hilbert-Schmidt theory for
symmetric kernels.

COS5 | Introduction of calculus of variations; Euler- Lagrange equations, Invariance of Euler’s

Equations, Field of Extremals, Natural boundary conditions, Transversality conditions,
Simple applications of variational principle.

CO6 | Variational formulation of BVP, Moving Boundary problems, Euler’s Finite Difference
Method, Ritz Method, Variational methods for finding eigen values and eigen functions.

Course Articulation Matrix:

PO1|PO2[PO3[PO4[PO5[PO6[PO7[POS[PO9 [PO10[PO11[PO12[PSOI| PSO2
col| 3 [ 3| -1 [t |21 -1 -1T1]17]3 3
co2| 3 3| -1 [t |1 1] -T-]T-T71]-713 3
co3| 3 [ 3| -2 -2 2]-T1]-1-71-71°3 3
coa| 3 [ 3| -3 22 2-13]-1T-71T1]7]S3 3
cos| 3 |3 | -3 [ 223 -13]-1-1273 3
co6| 3 |3 | -3 [3 |33 -13]-12117S3: 3

33



Svllabus
Module Content Lectures
1. Introduction to Laplace and Fourier transforms, Regular and singular 07
Sturm-Liouville problem, Eigen value and eigen function of Sturm-

Liouville problem.

2. Introduction to integral equation, Abel's Problem, Conversion of ordinary 07
differential equation into integral equation, Fredholm Integral Equations of
first, second and third kinds, Homogeneous Fredholm Integral Equation,
Volterra integral equations of first, second and third kinds, Homogeneous
Volterra integral equation, Singular Integral Equations.

3. Symmetric ~ Kernals, = Degenerate = Kernals, Iterated Kernals, 07
ResolventKernals, Eigen values and Eigen functions of Integral operator,
Solution by eigen values and eigen functions method.

4. Solution of Fredholm Integral Equations of the second kinds with 07
degenerate kernals, Method of Successive Approximations, Method of
successive substitutions, Neumann series, Hilbert-Schmidt theory for
symmetric kernels.

5. Introduction to calculus of variations, Euler- Lagrange equations, 06
Invariance of Euler’s Equations, Field of Extremals, Natural boundary
conditions, Transversality conditions, Simple applications of variational
principle.

6. Variational formulation of BVP, Moving Boundary problems, Euler’s 06
Finite Difference Method, Ritz Method, Variational methods for finding
eigen values and eigen functions.

Texts/References Books:

1. F.B. Hildebrand, Methods of Applied Mathematics, Prentice-Hall, New York, (1952)

2. .M. Gelfand, S. V. Fomin, The Calculus of variations. Nauka (1969).

3. M.L. Krashnov, G.I. MaKarenko, A.I Kiselev Problem and exercises in the calculus of
Variations. Mir Publishers Moscow. (1975).

4. M.D. Raisinghania, Integral Equations and Boundary value problems, S. Chand (2007).

5. R. Courant & D. Hilbert, Methods of Mathematical Physics, Vol. I & II, Wiley Eastern Pvt.
Ltd. New Delhi, 1975.

Course Code: Credits:
Coding Theory

MANS3301 3-1-0:4

Prerequisites: NIL

Course Objective: Course on coding theory, will introduce students to some of the classical
methods in coding theory. While mathematical background on linear algebra and probability is
assumed, coverage of necessary background on finite fields is included as part of the course.
Through concrete examples of code construction, where simple, yet powerful mathematical tools
are put to use, the course is expected to improve students’ insights into the mathematical
foundations.
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Course Outcome:

Upon successful completion of this course, students are expected to:

S.N. Outcomes

COl | Use algebraic techniques to construct efficient codes.

CO2 | Identify the parameters of a given code the quality of a given code.

CO3 | State and prove the limits on achievable code performance.

CO4 | Apply convolution codes for performance analysis & cyclic codes for error
detection and correction.

CO5 | Design BCH & RS codes for Channel performance improvement against burst
errors.

Course Articulation Matrix:

PO1 |PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2
CO1|3 3 1 1 - - - - - 1 1 1 3 3
CO2|3 3 2 2 - - - - - 1 1 2 3 3
CO3 |3 3 3 3 - - - - - 2 2 2 3 3
CO4 |3 3 1 2 - - - - - 1 1 1 3 3
CO513 3 3 3 - - - - - 2 2 2 3 3
CO6 |3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures

1. Extension of fields, computation in GF(q), Root fields of polynomials. | 06

Vector space over finite fields, Binary group codes, Hamming codes,
polynomial codes, Linear block codes.
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Self dual codes and invariant theory. Covering radius problem, | 06
Convolutional codes, Binary block codes, Minimum distance, Error-
detecting capability and error-correcting capability, Linear block
codes: Linear block codes, Generator matrix, Parity-check matrix. Dual
code, Alternate characterizations of minimum distance for linear block
codes, Repetition code, Single-parity-check code.

Hamming Code, Bounds on Codes — Singleton Bound, Hamming | 06
bound, Gilbert- Varshamov bound, Plotkin bound. Asymptotic version
of these bounds.

Decoding of linear block codes: Maximum a-posteriori probability
(MAP) decoding, Maximum likelihood (ML) decoding, Standard Array
Decoding.

Cyclic codes: Review of Finite fields, Polynomial description of cyclic | 10
codes, generator and check polynomials, Roots of cyclic codes, BCH
codes, Reed-solomon codes. Berlekamp-Welch decoding algorithm, The
structure of cyclic codes, Quadratic residue codes, Reed Mueller codes,
Simplex codes.

LDPC codes binary expander codes, Sipser-Spielman decoding | 06
algorithm, introduction to iterative decoding, Nonlinear codes, Golay,
Hadamard, Justeen, Kerdock, Nordstorm-Robinson codes, First and
Second order Reed-Mueller codes, t-designs, Steiner systems.

6.

Weight distribution of codes. Generalized BCH codes. 06

Text Books:

1.

Ron M. Roth, Introduction to Coding Theory, Cambridge University Press, 2006, ISBN-13:
978-0521845045.

2. Tom Richardson, Rudiger Urbanke, Modern Coding Theory, Cambridge University Press,
2009, ISBN-13: 978-0521165761.

3. Coding Theory : A First Course, Cambridge University Press, By Chaoping Xing, San
Ling, 2013

References:

1. J. H. van Lint, Introduction to Coding Theory, Springer, 1999, ISBN-13: 978-3540641339.

2. Shu Lin, Daniel J. Costello, Error Control Coding: Fundamentals and Applications,
Prentice-Hall, 1982, ISBN-13: 978-0132837965.

3. W. Cary Huffman, Vera Pless, Fundamentals of Error-Correcting Codes, Cambridge
University Press, 2010, ISBN-13: 978-0521131704.

4. Parikshit Gopalan, Cheng Huang, Huseyin Simitci, and Sergey Yekhanin, On the locality
of codeword symbols, IEEE Transactions on Information Theory, 58(11) pp 69256934,
2012.

5. P.Vijaykumar, Error Correcting Codes, NPTEL
Course, https://nptel.ac.in/courses/117/108/117108044/

6. Algebra and Codes by Wan Zh. Wissenschaftsverlag, Peking, 1980.
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https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Chaoping+Xing+San+Ling&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Chaoping+Xing+San+Ling&search-alias=stripbooks
https://nptel.ac.in/courses/117/108/117108044/

Course Code: Credits:

MANS3302 COMPUTATIONAL FLUID DYNAMICS 3.1-0:4

Prerequisites:

e Fundamentals of Fluid Dynamics

e Vector analysis including partial differential equations
Solutions to matrix equations including numerical methods
Solutions of nonlinear systems of equations

Course Objective: This course covers topics related to Computational Fluid Dynamics (CFD).
CFD is an important tool in engineering analysis and design of fluid systems. In this course we
will develop the equations describing fluid flow and numerical solutions to these equations.
Emphasis will be placed on understanding different approaches employed for both time and spatial
discretization and how to evaluate these approaches. We will look at time accurate and steady-
state methods, explicit and implicit techniques, laminar and turbulent flow, compressible and
incompressible approaches, stability considerations, etc. These techniques will be applied to
applications of mixing and heat transfer. Emphasis will be on ‘learning by doing’, as students will
work on programming projects for assignments.

Course Outcome

S.N. Outcomes
CO1 |Describe how the fields of fluid dynamics, mathematics and computer science have
contributed to the development of CFD.

CO2 | Identify the key aspects of fluid mechanics relevant to the setting up of a problem for
CFD, and to the interpretation of the results.

CO3 | Describe how various levels of approximation to the equations of motion are
appropriate to particular classes of flow problem.

CO4 | Describe the important classes of numerical discretization scheme, and explain the
relationship between the discretization process and the underlying fluid physics.

COS5 | Appreciate the significance of error control and validation in CFD.

CO6 | Analyze the Data science, AI/ML in CFD

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|POI10|POI11|POI12|PSO1| PSO2
COl| 3 3 1 1 - - - - - 1 1 1 3 3
CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - 2 - - 2 2 2 3 3
CO6 | 3 3 3 3 2 - - - - 2 2 2 3 3
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Syllabus

Module

Content

Lectures

1.

Introduction: Basics of CFD, Advances of computational fluid dynamics,
Governing Equations of Fluid Dynamics, Mathematical Properties of the
Fluid Dynamic Equations, Implementation of Boundary conditions.

06

Basics of Discretization Techniques:
Finite Differences, Methods for obtaining Finite-Difference Equations,
Errors, Consistency, Stability, Convergence, Use of Irregular Meshes.

06

Introduction to Finite Element Methods in CFD:

Introduction, Strong and Weak Formulations of a Boundary Value
Problem, Weighted Residual Formulation, Galerkin Formulation,
Variational ~ formulation, @ The Finite  Element Interpolation,
Implementation of the Finite Element Method, Practical Construction of a
Weak Formulation, Steady Incompressible Potential Flow, Incompressible
Navier-Stokes Equations in ®-y Formulation, Incompressible Steady
Navier-Stokes Equations in u, v, p Formulation, Current Evolutions

07

Introduction to Finite Volume Methods in CFD:

Introduction, Some Conceptual Basics and Illustrations through 1-D
Steady State Diffusion and Convection-Diffusion Problems, Boundary
Condition Implementation, 2D, 3D Steady State Diffusion, Properties and
Assessments of Differencing Schemes.

07

CFD Computations with Commercial Packages:

Introduction, CFD software packages, Import of the Geometry from a
CAD Package, Grid Generation, Choice of the Models, Boundary
Conditions, Computation of the Flow Field, Post-Processing.

05

Data Science in CFD:

Introduction, Fundamentals of Artificial Intelligence (AI) and Machine
Learning (ML), Al-based CFD approaches, Application of Al in Some
Specific Flows, Flow Modeling with Machine Learning, Industry
Applications of Data-Driven CFD and Future Use of Data Science in
CFD.

05

Texts/References Books:

1. D. A. Anderson, J. C. Tannehill and R. H. Pletcher, Computational Fluid Dynamics and Heat
Transfer, McGraw Hill, 1984.

2. H.K. Versteeg and W. Malalasekara, An Introduction to Computational Fluid Dynamics: the
Finite Volume Method, 2nd edition, Pearson Education, England, 2007.

3. Jiyuan Tu, Guan-Heng Yeoh, C.Liu, Computational Fluid Dynamics: A Practical Approach,
2nd edition, Elsevier, 2013.

4. Reddy J.N., An introduction to the finite element method. McGraw-Hill, 1984.

5. Brunton SL, Kutz JN. 2019. Data-Driven Science and Engineering: Machine Learning,
Dynamical Systems, and Control. New York: Cambridge Univ. Press

38



Course Code: Credits:
MANS53303 3-1-0:4
Prerequisites: NIL

Number Theory

Course Objective: This course aims to introduce students to some basic concepts in number
theory, including integers, divisibility, and the properties of prime numbers. Develop a solid
understanding of congruences, including their properties, applications, and how to solve linear
congruences. Analyze important number theoretic functions such as Euler’s totient function, the
Mobius function, and the divisor function, and their applications. Explore practical applications of
number theory in cryptography and computer science, including algorithms for primality testing
and integer factorization.

Course Outcome

S.N. Outcomes

CO1 | Demonstrate a clear understanding of basic concepts in number theory, including
integers, divisibility, and the properties of prime numbers. Describe and use the
Euclidean algorithm and to explain how to solve linear Diophantine equations.

CO2 | Solve problems involving congruences, including linear congruences, system of linear
congruences and apply properties of modular arithmetic in various contexts. Explain
the use of Fermat’s theorem and Euler’s theorem to solve problems related to
exponentiations.

CO3 | Define and describe various number-theoretic functions, such as the Euler’s totient
function, the divisor function, and the Mobius function. Discuss the applications of
number-theoretic functions in solving problems related to divisibility, prime
factorization, and the distribution of primes.

CO4 | Define primitive roots and explain their significance in number theory, particularly in
the context of modular arithmetic. Analyse the applications of primitive roots in
cryptography specifically in protocol such as Diffie-Hellman. Define quadratic residues
and non-residues, and explain their importance in number theory. Analyse the
applications of quadratic residues in cryptography, specifically in protocols such as the
RSA algorithm and digital signatures.

COS5 | Define Diophantine equations and distinguish between different types, including linear
and nonlinear Diophantine equations. Demonstrate the methods for solving linear
Diophantine equations in two or more variables, including the use of the Extended
Euclidean Algorithm. Explore real-world applications of Diophantine equations in areas
such as cryptography and computer science.

CO6 | Define continued fractions and differentiate between simple and general continued
fractions. Explain how real numbers can be represented using continued fractions and
discuss their convergence properties. Analyze the properties of continued fractions in
relation to the approximation of real numbers, including the concept of best rational
approximations.
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Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|POS |PO9|PO10PO11|PO12{PSO1| PSO2

COl1 | 2 1 1 2 - 2 - - 1 - - 1 3 2

CO2| 3 1 1 2 - 2 - - 1 - - 1 3 2

CO3 | 2 1 - - - 1 - - 1 - - 1 3 2

CO4 | 3 1 2 | 2 - 3 - - 1 - - 1 3 2

CO5| 3 1 1 2 - 3 - - 1 - - 1 3 2

CO6 | 2 1 - - - 1 - - 1 - - 1 3 2

Syllabus
Module Content Lectures

1. Divisibility and Distribution of prime numbers: division algorithm, 07
Euclidean Algorithm, Primes, Fundamental theorem of arithmetic,
distribution of primes, numbers of special forms.

2. Congruences: basic definitions and properties, linear congruences, 07
Chinese Remainder Theorem, Fermat’s theorem, Wilson’s theorem,
Euler’s theorem.

3. Number theoretic functions: Greatest integer function, Arithmetic 07
Functions, divisor function, the Mobius Inversion formula, recurrence
function.

4. Primitive roots and Quadratic residues: primitive roots, theory of 08
indices, quadratic residues, Quadratic residue, Euler’s criterion, quadratic
reciprocity, Legendre and Jacobi symbol, Binary Quadratic Forms,
Application of primitive roots to cryptography

5. Diophantine equations: linear Diophantine equations, Pythagorean 07
triples, Fermat's last theorem, Elliptic Curves.

6. Continued Fraction: finite continued fraction, infinite continued fraction, 06

Convergent of continued fraction, Farey fraction, Pell’s equation.

Texts/References Books:
David M Burton, Elementary Number Theory, McGraw Hill Companies, 7™ Edition 2007.
K. Ireland and M. Rosen, A Classical Introduction to Modern Number Theory, 2nd ed.,
Springer-Verlag, Berlin, 1990.

S. Lang, Algebraic Number Theory, Addison- Wesley, 1970.

1.
2.

3.

Ivan Niven, H. S. Zuckerman and Hugh L. Montomery, An Introduction to the Theory of

Numbers.
T. M. Apostal, Introduction to Analytic Number Theory, Springer.
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http://www.numbertheory.org/obituaries/OTHERS/niven/nivenobit.html
http://www.amazon.com/dp/0471625469/
http://www.amazon.com/dp/0471625469/
http://www.amazon.com/dp/0471625469/

C Code: Credits:
ouEse +0de Analytical Dynamics and Generalized Coordinates e

MANS3304
Prerequisites: NIL

3-1-0:4

Course Objective: Analytical dynamics and generalized coordinates course objective is to provide
a solid foundation in the motion of a rigid body, classification of dynamical systems and
generalized coordinates. The course aims is to develop students' skills to understand the
fundamental equation for the motion of rigid body, to classify the dynamical systems, Poisson and
Lagrange brackets and their invariance under canonical transformations, Normal modes and
normal coordinates and their applications in solving real words problems related to the motion of a
rigid body. Students will gain the ability to drive the fundamental equation for the motion of a
rigid body, to apply these concepts to understand the real-world problems related to artificial
satellite modelling and designing etc.

Course Outcome

S.N. Outcomes

CO1 | Introduction of Harmonic oscillators, Effect of disturbing force, Damped and forced
oscillations. Understand and solve the problem of a rigid body motion in two
dimensions under finite and impulsive forces.

CO2 | Understanding about Kinetic energy and moment of momentum in two dimensions,
Rolling spheres and cylinders. Understand about conservation of energy and momentum
involve in the several phenomenon.

CO3 | Classify and apply dynamical systems such as Generalized coordinates, Holonomic and
non-holonomic systems, Kinetic energy, Generalized components of momentum,
Generalized Components of the effective and applied forces, Lagrange’s equations.
CO4 | Energy equation from Lagrange’s equation, Reciprocal relations, Lagrange’s equation
for impulsive motion, Ignoration of coordinates, The Routhian function, Euler’s
equation from Lagrange’s equation, Hamilton’s equations of motion, Application of
Hamiltonian methods.

COS5 | Understand and solve several events occur in the nature, The space of events, Action,

Hamilton’s principle, Principle of least action, Hamilton-Jocobi equation, Hamilton
characteristic function, Generating function, Canonical transformations, Phase space,
Bilinear invariants.

CO6 | Introduction about Poisson brackets, Lagrange brackets, Invariance of Lagrange
brackets and Poisson brackets under canonical transformations, Small oscillations.
Langrange’s equation of small oscillations, Lagrange’s determinants, Normal modes
and normal coordinates and their stationary properties.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|POI10|POI11|POI12|PSO1| PSO2
COl| 3 3 - 2 - - 1 - 1 1 2 1 3 3
CO2| 3 3 - 2 - - 2 - 1 2 2 2 3 3
COo3| 3 3 - 2 - - 1 - 1 1 1 1 3 3
CO4 | 3 3 - 2 - - 2 - 2 2 2 1 3 3
CO5| 3 3 - 3 - - 3 - 3 2 2 2 3 3
CO6 | 3 3 - 3 - - 2 - 3 2 2 2 3 3
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Svllabus

Module Content Lectures

1. Harmonic oscillators, Effect of disturbing force, Damped and forced 06
oscillations. Motion of a rigid body in two dimensions under finite and
impulsive forces.

2. Kinetic energy and moment of momentum in two dimensions, Rolling 07
spheres and cylinders, Conservation of energy and momentum.

3. Classification of dynamical systems, Generalized coordinates, Holonomic 06
and non-holonomic systems, Kinetic energy, Generalized components of
momentum, Generalized Components of the effective and applied forces,
Lagrange’s equations.

4. Examples, Energy equation from Lagrange’s equation, Reciprocal 07
relations, Lagrange’s equation for impulsive motion, Ignoration of
coordinates, The Routhian function, Euler’s equation from Lagrange’s
equation, Hamilton’s equations of motion, Application of Hamiltonian
methods.

5. Natural motions, The space of events, Action, Hamilton’s principle, 07
Principle of least action, Hamilton-Jocobi equation, Hamilton
characteristic function, Generating function, Canonical transformations,
Phase space, Bilinear invariants.

6. | Poisson brackets, Lagrange brackets, Invariance of Lagrange brackets and 07
Poisson brackets under canonical transformations, Small oscillations.
Langrange’s equation of small oscillations, Lagrange’s determinants,
Normal modes and normal coordinates and their stationary properties.

Texts/References Books:

1. S.L. Loney: An Elementary Treatise on the Dynamics of a Particle and a Rigid Body,
Macmillan India Ltd., 1982.

2. A.S. Ramsey: Dynamics part-II, The English Language Book Society and Cambridge University
Press, 1972.

3. J. L. Synge and B.A. Griffith: Principles of Mechanics, McGraw Hill International Book
Company, 1982.
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Course Code: Credits:

Advanced Topology

MANS3305 3-1-0:4

Prerequisites: Basic concepts of general topology.
Course Objective: The course provides an integrated development of modern analysis and
topology through the integrating vehicle of uniforms spaces, homotopy and the fundamental group,

homology groups of spaces, metrization, and topological groups.

Course Outcome

S.N. Outcomes
CO1 | Determine whether two given points in a topological space can be connected via a path.
CO2 | Understand the concept of paracompactness and metrizability of a space.

CO3 | Determine whether a given topology can be derived from a metric space.

CO4 | Recognize whether or not a topological space is forms a fundamental group.
COS5 | Examine various concepts like uniform continuity of functions,

CO6 | Learns how to mix algebraic group structure with topological structure and its
application. Use of topological properties to know algebraic properties and topological
properties via algebraic properties. Applications of Point-Set Topology towards
extension of the study of Algebra.

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7 PO |PO9|PO10PO11|PO12[PSO1| PSO2

COl| 3 - - - - 3 1 - 3 3 2 - 3 2

CO2| 3 - - - - 3] 2 - 2 1 1 - 3 1

CO3| 3 - - - - 3 3 - 3 2 2 - 3 2

CO4 | 3 - - - - 3 1 - 2 1 1 - 3 3

CO5| 3 - - - - 3 3 - 3 2 2 - 3 3

CO6 | 3 - - - - 3 3 - 3 2 2 - 3 2

Module Content Lectures

1. Path connectedness, local path connectedness and their properties. 06

2. Paracompactness, characterisation in regular spaces, metrization based on 06
paracompactness.

3. | Nagata-Smirnov theorem, Stone’s theorem, Smirnov’s metrization 07
theorem.

4. Homotopy and the fundamental group, computation of the fundamental 07
groups of circle.

5. | Uniformities, uniform continuity, product uniformities, metrization, 05
completeness and compactness in uniform spaces.

6. Topological groups, subgroups, quotient groups, homogeneous spaces, 08
product groups, uniform structures in topological groups, complete
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groups, completion of topological groups.

Texts/References Books:

S

Joshi, K. D. Topology (Wiley-Eastern, 1988).

Munkres, J. R. Topology: A first course (2/e) (Prentice-Hall, 2000).

Kelley, J. L. General Topology (Graduate texts in Mathematics, Vol. 27, Springer, 1991).
Willard, S. General Topology (Addision-Wesley, Reading, 1970).

Engelking, R. General Topology (Polish Scientific Publishers, Warshaw, 1977).
Bourbaki, N. Elements of Mathematics: General Topology, Vols. 1 & 11,
(Springer-Verlag, 1988).

Course Code: Credits:

Operating System

MANS3306 3-1-0:4

Course Objectives:

NE D=

6.

Provide a basic understanding of operating system, functions and structures.

To analyze the structure and components of operating systems and their services

To understand/apply key concepts of concurrent processes

To study CPU scheduling concepts and algorithms, and to analyze deadlock scenarios

To explore memory management techniques and understand I/O management and disk
scheduling strategies.

To understand the organization and management of files and directories

Course Outcome

Upon successful completion of this course, students will be able to:

S e

Explain operating system fundamentals

Analyze operating system structures

Manage concurrent processes

Implement CPU Scheduling Algorithms and address deadlock situations

Understand memory management techniques and analyze I/O management and disk scheduling
Design and implement file systems

Course Articulation Matrix:

PO1|PO2[PO3[PO4[PO5[PO6[PO7[POS[PO9 [PO10[PO11[PO12[PSOI| PSO2
col| 1 |2 3|2 -3 -3 -]1]2]37]3 3
co2l 1 [ 232 -3 -3 -1T1 2713713 3
co3| 1 |2 3|2 -3 -3 -]1]2]373 3
cod| 1 |2 3|2 -3 -3 -]1]2]37s3 3
cos| 1 | 232 -3 -3 -1T1 2713713 3
co6| 1 |2 3|2 -3 -3 -]1]2]37]3 3

44



Svyllabus

Module Content Lectures
1. Introduction: Operating system and function, Evolution of operating 06
system, Batch, Interactive, Time Sharing and Real Time System, System

protection.

2. Operating System Structure: System Components, System structure, 06
Operating System Services.

3. Concurrent Processes: Process concept, Principle of Concurrency, 06

Producer Consumer Problem, Critical Section problem, Semaphores,
Classical problems in Concurrency, Inter Process Communication,
Process Generation, Process Scheduling.

4. CPU Scheduling: Scheduling Concept, Performance Criteria Scheduling 07
Algorithm, Evolution, Multiprocessor Scheduling. Deadlock: System
Model, Deadlock Characterization, Prevention, Avoidance and

Detection, Recovery from deadlock combined approach

5. | Memory Management: Base machine, Resident monitor, 08
Multiprogramming with fixed partition, Multiprogramming with variable
partition, Multiple base register,

Paging, Segmentation, Virtual memory concept, Demand paging,
Performance, Paged

replaced algorithm, Allocation of frames, Thrashing, Cache memory,
Organization, Impact on performance. /O Management & Disk
Scheduling:

I/O devices and organization of I/O function, I/O Buffering, DISK /O,
Operating System Design Issues.

6. File System: File Concept, File Organization and Access Mechanism, 07
File Directories, File Sharing, Implementation Issues.

Texts/References Books:
1. Milenekovic, “Operating System Concepts”, McGraw Hill

2. Silverschwatz, “Operating System Concepts”, Willey
3. Dietel, “An introduction to operating system”, Addision Wesley
4. Tannenbaum, “Operating system design and implementation”, Phl

Course Code: . . . Credits:
MANS3307 Design and Analysis of Algorithms 3.1-0:4

Course Objectives:

1. To understand the problems in computing

2. To compute the efficiency of the algorithm in the domains of time and space

3. To use/design the efficient techniques to solve these problems

4. Understand and implement algorithms related to computational geometry and their applications
in real-world problems.

5. To understand the necessity of approximation and randomized algorithms
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Course Outcome
Upon successful completion of this course, students will be able to:

Analyze the complexity of the algorithm(s) in the domains of time and space

Apply the divide and conquer approach to solve problems

Solve problems using dynamic programming techniques

Understand and analyze the computational complexity of geometric algorithms

Implement backtracking and branch and bound techniques to address complex optimization
problems

6. Implement and analyze randomized and approximation algorithms

Nk P

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl | 3 2 1 2 - 2 - - - 1 1 1 3 3

Co2| 2 | 3 3 2 - 3 - - - 2 2 2 3 3

Co3| 2 | 3 3 2 - 3 - - - 2 2 2 3 3

Co4| 2 | 3 2 | 2 - 2 - - - 1 1 1 3 3

CO5| 2 | 3 3 2 - 3 - - - 2 2 3 3 3

COo6| 2 | 3 3 2 - 3 - - - 2 2 3 3 3

Syllabus
Module Content Lectures

1. Introduction, Review of basic concepts, advanced data structures like 06
Binomial Heaps, Fibonacci Heaps.

2. | Divide and Conquer with examples such as Sorting, Matrix 06
Multiplication, Convex hull etc.

3. Dynamic programming with examples such as Kanpsack, All pair shortest 07
paths etc.

4. Backtracking, Branch and Bound with examples such as Travelling 07
Salesman Problem etc.

5. Algorithms involving Computational Geometry. 07

6. Selected topics such as NP-completeness, Approximation algorithms, 07
Randomized algorithms, String Matching.

Texts/References Books:

1. 1. Thomas H. Coreman, Charles E. Leiserson and Ronald L. Rivest, “Introduction to
Algorithms”, Printice Hall of India

2. E. Horowitz & S Sahni, "Fundamentals of Computer Algorithms"Aho, Hopcraft, Ullman,
“The Design and Analysis of Computer Algorithms” Pearson Education
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Course Code: Credits:

Commutative Algebra

MANS3308 3-1-0:4

Prerequisites: NIL

Course Objective: Commutative Algebra is the study of commutative rings, their modules and
ideals. This course will give the student a solid ground in commutative algebra which is used in
both algebraic geometry and number theory. This course will also serve as a useful introduction to
either algebraic geometry or algebraic number theory.

Course Outcome:

Upon successful completion of this course, students are expected to:

S.N. | Outcomes

COl | Gain familiarity with commutative rings and perform basic operations with both
elements and ideals.

CO2 | State accurately and explain the proofs of the main results in the class without
access to notes or other resources.

CO3 | Produce examples illustrating the mathematical concepts learnt in the class.

CO4 | Apply convolution codes for performance analysis & cyclic codes for error
detection and correction.

CO5 |Design BCH & RS codes for Channel performance improvement against burst
errors.

Course Articulation Matrix:

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2
COl1 |3 3 1 1 - - - - - 1 1 1 3 3
CO2 |3 3 2 2 - - - - - 1 1 2 3 3
CO3 |3 3 3 3 - - - - - 2 2 2 3 3
CO4 |3 3 1 2 - - - - - 1 1 1 3 3
COs5 13 3 3 3 - - - - - 2 2 2 3 3
CO6 |3 3 3 3 - - - - - 2 2 2 3 3
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Svyllabus

Module | Content Lectures

1. Ring Theory Background, Basic concepts of rings, prime ideal and maximal | 06
ideals, Prime Avoidance, Jacobson Radicals, Local Rings, and Other
Miscellaneous Results, Nakayama’s Lemma.

2. Primary Decomposition and Associated Primes, Primary Sub-modules and | 06
Ideals, irreducible ideals, quotient ideals, primary ideals, Primary
Decomposition, uniqueness of primary decomposition, Associated Primes,
Associated Primes and Localization, The support of a Module, Artinian
Rings.

3. | Integral Extensions, Integral Elements, Integrality and Localization, Going up | 05
and down theorems.

4. | Valuation Rings, Extension Theorems, Properties of Valuation Rings, |06
Discrete Valuation Rings Completion, Graded Rings and Modules,
Completion of a Module, The Krull Intersection Theorem

5. Depth Systems of Parameters, Regular Sequences, Homological Methods, | 06
Homological Dimension: Projective and Global, Injective Dimension, Tor
and Dimension, Application Regular Local Rings, Basic Definitions and
Examples

Texts/References:
1. M. F. Atiyah and 1. G. Macdonald (1969): Introduction to Commutative Algebra, Addison-
Wesley Publishing Company.
2. N. S. Gopal Krishnan (2016): Commutative Algebra Second Edition. Universities Press.
3. R. Y. Sharp (2000): Steps in Commutative Algebra, 2nd ed. Cambridge: Cambridge
University Press.

Course Code: MAN54301 Statistical Simulation and Data Analysis

Prerequisites: NIL

Course Objective: The Statistical Simulation and Data Analysis course is designed to introduce
students to the fundamental concepts and tools used in modern data mining, statistical analysis,
and simulation techniques. The course will provide students with a deep understanding of cluster
analysis, classification techniques, dimension reduction, and neural networks. Students will also be
introduced to advanced tools such as CART, random forests, and Bayesian learning rules, and will
explore techniques for reducing the complexity of data through dimensionality reduction and
visualization techniques. The course aims to equip students with the practical knowledge and skills
needed to apply these techniques in real-world data mining and statistical analysis problems,
including predictive modeling and case study analysis.
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Course Outcome

S.N.

Outcomes

COl

Demonstrate a clear understanding of data mining principles, including the virtuous
cycle of data mining, and apply these principles to real-world data analysis problems.

CO2

Apply hierarchical and non-hierarchical clustering techniques, and classification and
discriminant analysis methods to classify and group data based on its inherent
characteristics.

COo3

Effectively use tools such as CART (Classification and Regression Trees), random
forests, Fisher’s discriminant functions, and Bayesian learning rules to solve
classification and regression problems.

CO4

Use dimensionality reduction techniques like Principal Component Analysis (PCA) and
Multidimensional Scaling (MDS) to simplify complex data and enhance data
visualization through methods such as Chernoff faces and Sun-ray charts.

CO5

Apply various nonlinear and nonparametric regression algorithms for data mining,
enabling the discovery of complex patterns and relationships within data. Build
predictive models using neural networks, including multi-layer perceptron networks,
and evaluate their performance using backpropagation algorithms and self-organizing
maps for exploratory data analysis.

CO6

Combine genetic algorithms with neural networks to create neuro-genetic models for
data mining, and apply these models to solve complex real-world problems. Analyze
and interpret case studies using the methods learned throughout the course,
demonstrating the ability to apply statistical simulation, data mining, and machine
learning techniques to practical scenarios.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2
COl| 3 3 1 1 - - - - - 1 1 1 3 3
CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures
1. 04
Introduction to Data Mining and its Virtuous Cycle:
2. Hierarchical and Non-hierarchical techniques, Classification and 05
Discriminant Analysis.
3. CART, Random forests, Fisher’s discriminant functions and other related 06
rules, Bayesian classification and learning rules.
4. Multidimensional scaling, Principal Component Analysis, Chernoff faces, 08
Sun-ray charts
5. Data miningusing multiple nonlinear and nonparametric regression 07
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algorithms.

6. | Multi-layer perceptron, predictive ANN model building using back- 10
propagation algorithm, Exploratory data analysis using Neural Networks
self organizing maps, Genetic Algorithms, Neuro-genetic model building,
Discussion of Case Studies.

Texts/References Books:

1. L. Breiman, J.H. Friedman, R.A. Olschen and C.J. Stone, Classification of Regresion
Trees, Wadsowrth Publisher, Belmont, CA, 1984.

2. D.J. Hand, H. Mannila and P. Smith, Principles of Data Minng, MIT Press,Cambridge,
MA 2001.

3. M.H. Hassoun, Fundamentals of Artificial Neural Networks, Prentice-Hall of India, New
Delhi 1998.

4, T. Hastie, R. Tibshirani& J. H. Friedman, The elements of Statistical Learning: Data
Mining, Inference & Prediction, Springer Series in Statistics, Springer-Verlag, New York
2001.

5. R.A. Johnson and D.W. Wichern, Applied Multivariate Analysis, Upper Saddle River,
Prentice-Hall, N.J. 1998.

6. S. James Press, Subjective and Objective Bayesian Statistics: Principles, Models, and

Applications, 2nd Edition, Wiley, 2002.

Course Code: Aloebraic Geometr Credits:
MAN54302 g y 3-1-0:4

Prerequisites: 1. Basic rings and modules, commutative algebra
2. Abstract Algebra (Groups, Rings, ideals Modules, Linear Algebra)
Course Objective: Course aims at giving an introduction to classical algebraic geometry, the

theory of algebraic varieties, and important notions and techniques to study these. Objective of this
course is to teach students the Zariski topology and affine and projective varieties, as well as their
regular functions, germs of regular functions, rational functions, dimension, Zariski tangent space
and singularities. Moreover, also morphisms and rational maps between varieties and the
differential of a morphism are studied, as well as simple intersection theory and Bezout's Theorem
for curves in the projective plane. Some classical examples like products of varieties, blowing up
of a point, the Segre embedding and the Veronese embedding are also presented.

Course Outcome

S.N. Outcomes

CO1 | Use computational tools, especially Groebner bases and the Buchberger algorithm, to solve
problems in polynomial rings; for example the ideal membership problem, or finding
solutions to polynomial equations, but also to be able to apply these tools without
prompting.
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CO2

Able to define and use fundamental notions and constructions and knows results in
algebraic geometry connected to the Zariski topology, affine and projective varieties, their
regular functions, rational functions, Zariski tangent space and singularities, as well as
morphisms and rational maps between varieties.

CO3 | Able to perform an elementary analysis of simple varieties, in particular answer questions
on irreducible components and singularities.

CO4 | To know the fundamental intersection theory and Bezout's theorem and has insight into
important examples like products of varieties, blowing up of a point, the Segre embedding
and the Veronese embedding.

COS5 | Able to give an account of important connections between geometry and commutative
algebra.

CO6 | Able to produce the main ideas in the proofs of the most important results connected to the

notions above.

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - - - - - 1 1 1 3 3
CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus

Module Content Lectures

1. Some basics of commutative algebra (with a brief sketch of proof) : 06
Integral Extension, going up and going down, Noether normalization,
valuation, Krull dimension theorem. Affine (quasi) varieties and
Projective  (quasi) varieties, Hilbert Nullstelensatz.Irreducibility,
dimension .

2. | Regular functions , local rings, function field. category of affine varieties 07
and it’s equivalence with reduced finitely generated k-algebras. Sheaves
and affine varieties. Definition of variety (prevariety), projective variety,
product of variety

3. | Morphism of varieties. Various types of morphism. Fiber of a morphism, 06
Chevalley’s theorem. Gluing of morphism, Morphism between projective
varieties.

4. Function fields, birationality of algebraic varieties, blow ups. Nonsingular 10
varieties (various definitions) examples. C nonsingular curves and abstract
nonsingular curves and their equivalence.

5. | Intersection theory of curves. Bezouts theorem. Introduction to schemes 06
and i1t’s necessity. Morphism of schemes. The category of schemes

6. Properties of schemes and morphism. (1) Open, closed, finite, affine, 07
separated. Properties of schemes and morphism (2) proper, flat, etale,
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projective, smooth, valuative criterion of properness, separated-ness
(without proof)

Texts/References Books:

1. Shafarevich. Basic Algebraic Geometry 1, ISBN 0-387-54812-2,
Cox-Little-O'Shea "'Ideals, varieties, and algorithms".

Robin Hartsorne, Algebraic Geometry, Springer.

Hal Schenck, Computational Algebraic Geometry, Londan Mathematical Society.
Brendan Hassett, Introduction to Algebraic Geometry, Cambridge University Press.

ol

Course Code: Credits:
Cryptography

MANS54303
Prerequisites: Basic Number Theory, Group theory and Finite Field

3-1-0:4

Course Objective: This course provides an introduction to cryptography, its mathematical
foundations, and its relation to security. It covers classical cryptosystems, private-key
cryptosystems (including DES and AES), hashing and public-key cryptosystems (including RSA
& ElGamal). The course also provides an introduction to data integrity and authentication. This
course also cover to study the protocols to achieve practical security objectives such as
confidentiality, authentication, data integrity, non-repudiation.

Course Outcome

S.N. Outcomes

COl | Explain the fundamental concepts of cryptography, including confidentiality, integrity,
authentication, and non-repudiation. Explain the different type of cryptosystems.
Explain the techniques used by the people during pre-computer era to share/write their
information in a secret way so that no one can see or detect it.

CO2 | Explain the definition of perfect secrecy and its significance in cryptography. Derive
and explain the mathematical proofs related to perfect secrecy, including the role of the
key space, plaintext space and Shannon Theory of perfect secrecy.

Explain the pseudo-random number generators (PRNGs) and their use in cryptographic
protocols, including key generation, nonce creation, and initialization vectors. Explain
the method to generate prime numbers.

CO3 | Explain the fundamental concepts of block ciphers, including block size, key size, and
modes of operation. Identify and describe widely used modern block cipher algorithms
such as DES, DESX, 3DES, and AES, including their structures (e.g., Feistel vs.
substitution-permutation networks).

CO4 | Explain the fundamental concepts of hash functions, including their purpose and
properties such as weak and strong collision resistant. Explain the use of hash function
for modification detection and message authentication. Identify and describe different
types of hash functions, including SHA1 and MDS5.

COS5 | Explain the fundamental principles and significance of public key cryptography and

their roles in secure communications. Explain the key exchange protocols such as
Diffie-Hellman, explaining how they enable secure communication over an insecure
channel. Identify and describe widely used public key cryptosystems such as RSA,
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ElGamal, Rabin and ECC (Elliptic Curve Cryptography), including their mathematical
foundations.

CO6 | Explain the concept of digital signatures, their purpose, and how they ensure
authenticity and non-repudiation in digital communications. Identify and describe
public key algorithms used for creating digital signatures, such as RSA, ElGamal, DSA,
and ECDSA, including their mathematical foundations.

Course Articulation Matrix:

PO1|PO2 |PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

Col | 2 - 1 3 - 1 - - 1 - - 1 3 3
CcCO2| 3 - 1 3 - 3 - - 1 - - 1 3 3
CO3| 3 - 3 3 - 3 - - 1 - - 2 3 3
CO4 | 3 - 3 3 - 3 - - 1 - - 2 3 3
CO5 | 3 - 3 3 - 3 - - 1 - - 2 3 3
CO6 | 3 1 3 3 - 3 - - 1 - - 2 3 3

Svllabus

Module Content Lectures

1. Classical Cryptosystems : The Shift Cipher, The Substitution Cipher, 06
The Affine Cipher, The Vigenere Cipher, The Hill Cipher, The
Permutation Cipher, Stream & Block ciphers.

2. Perfect Secrecy : Perfect secrecy, Shannon's Theory of Perfect Secrecy, 06
Vernam One Time Pad.

Random Number Generator: Random Number Generators (RNGs) and
Pseudo Random number Generators (PRNGs), Prime Number Generation,
Fermat Test, Miller Rabin Test.

3. Modern Block Cipher: Mode of operations in block cipher, ECB, CBC, 08
CFB, OFB, XTR, Feistel Network, Data Encryption Standard (DES),
DESX, TDES, Substitution and Permutation Network, Advanced
Encryption Standard (AES).

4. | Hash Function: Hash and Compression Functions, Security of Hash 07
Functions, Iterated Hash Functions, Modification detection code (MDC),
Message Authentication Codes (MAC). Hash functions SHA-1 and MD-
5.

5. Public Key Cryptography: RS4 Cryptosystem, Factoring problem, Rabin 08
Cryptosystem, Quadratic Residue Problem, Diffie-Hellman (DH) Key
Exchange Protocol, Discrete Logarithm Problem (DLP), ElGamal
Cryptosystem, Elliptic Curve, Elliptic Curve Cryptosystem (ECC).

6. Digital Signature: Digital Signature, RSA Signature, ElGamal Signature, 06
Digital Signature Algorithm (DSA), Schnorr Signature, ECDSA.
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Texts/References Books:
1. J Buchmann, Introduction to Cryptography, Springer (India) 2004
D R Stinson, Cryptography: Theory and Practice. CRC Press, 2000.
S. Padhye, R A Sahu, V Saraswat, Introduction to Cryptography, CRC Press, 2018
B Forouzan, Cryptography and Network security, Tata McGraw Hill, 2011
Wenbo Mao, Modern Cryptography: Theory and Practice. Pearsion Education, 2004.

2.
3.
4.
3.

Course Code: MANS54304  Symmetry Analysis of Differential Equations

Credits:
3-1-0:4

Prerequisites: NIL

Course Objective: The Symmetry Analysis of Differential Equations course aims to provide
students with a comprehensive understanding of the application of symmetry techniques in solving
differential equations. The course focuses on the theory and methods of dimensional analysis, Lie
groups, and extended transformations for differential equations, with an emphasis on both ordinary
and partial differential equations. Students will learn about Lie group transformations, infinitesimal
generators, and invariant solutions to various types of equations. The course also covers practical
applications of symmetry analysis to specific types of equations, such as the Korteweg-de Vries
and Gardner equations, enabling students to identify symmetry reductions and invariant solutions.
By the end of the course, students will be equipped to apply symmetry methods to solve complex
differential equations in a variety of fields.

Course Outcome

S.N. QOutcomes

COl | Demonstrate a thorough understanding of dimensional analysis and its application to
both ordinary and partial differential equations, and utilize extended group
transformations for equations with one dependent and one independent variable.

CO2 | Understand and apply one-parameter Lie groups of transformations, infinitesimal
transformations, and the first fundamental theorem of Lie. Students will be able to
derive infinitesimal generators and identify invariant functions and surfaces.

CO3 | Use canonical coordinates to solve differential equations and identify invariant curves,
surfaces, and points in the context of Lie group transformations. Generalize dimensional
analysis to explore the invariance of partial differential equations under scaling of
variables, and apply Lie group transformations to analyze these equations.

CO4 | Gain proficiency in multi-parameter Lie groups of transformations and Lie algebras,
including examples of solvable Lie algebras, and apply these concepts to analyze
complex systems of differential equations.

COS5 | Apply Lie symmetry methods to analyze specific equations, such as the Korteweg-de

Vries, Gardner, breaking soliton, and Bogoyavlenskii equations. Perform symmetry
reductions and find invariant solutions for these types of equations.

CO6 | Apply symmetry analysis to solve complex ordinary and partial differential equations,
and interpret the results in terms of invariant solutions and symmetry reductions.
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Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - - - - - 1 1 1 3 3
CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus

Module Content Lectures

1. Application of dimensional analysis to ordinary and partial differential 07
equations. Extended transformations: Extended group transformations for
one dependent and one independent variable, Extended infinitesimal
transformations for one dependent and one independent variable.

2. Examples of one-parameter Lie groups of transformations, Infinitesimal 07
transformations: First fundamental theorem of Lie, Infinitesimal
generators, Invariant functions. Canonical coordinates, Invariant surfaces,
Invariant curves, Invariant points.

3. Generalization of dimensional analysis, Invariance of partial differential 07
equations under scaling of variables, Lie Group of Transformations:
Groups, Examples of groups, Groups of transformations, One- parameter
Lie group of transformations.

4. Extended transformations for one dependent and n independent variables, 07
Multi-parameter Lie groups of transformations; Lie algebras, r-parameter
Lie groups of transformations, Lie algebras, Examples of Lie algebras,
Solvable Lie algebra.

5. | Lie symmetry analysis of Korteweg-de Vries equations, Symmetry 07
reductions and invariant solutions of Korteweg-de Vries equations, Lie
symmetry analysis of Gardner equation, Symmetry reductions and
invariant solutions of Gardner equation.

6. Lie symmetry analysis of breaking soliton equations, Lie symmetry 07
analysis of Bogoyavlenskii equations, Symmetry reductions and invariant
solutions of Bogoyavlenskii equations.

Texts/References Books:
1. G. W. Bluman and A. C. Anco, Symmetry and Integration Methods for Differential
Equations, Appl. Math. Sci., 154, Springer, New York, 2002.
2. G. W. Bluman and S. Kumei, Symmetries and Differential Equations, Appl. Math.Sci.,
Springer-Berlin, 1989.
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3. P. J. Olver, Applications of Lie Groups to Differential Equations, Springer-Verlag, New
York 1993.

4. L. V. Ovsiannikov, Group Properties of Differential Equations, Novosibirsk, Moscow,
1962.

Course Code: Credits:
MAN54305 3-1-0:4
Prerequisites: NIL

Magnetogasdynamics and Hyperbolic Systems

Course Objective: Magnetogasdynaics and Hyperbolic Systems course objective is to provide a
solid foundation on conservation laws and weak solutions, classification of hyperbolic systems,
Traffic flow, Flood waves, Burger Equation, the Riemann problem, and on the dynamics of fluid
flows under the influence of magnetic field. The course aims is to develop students' skills to
understand the Maxwell electromagnetic field equations, MHD effect in shock formation, Waves
and First Order Equations, Characteristic and classification of hyperbolic systems. Students will
gain the ability to drive the fundamental conversation laws for fluid flow with magnetic field, to
solve Traffic flow and Flood waves problems, Burger Equation, model and solve the linear and
nonlinear wave propagation problem such as propagation of MHD shock wave in conducting
fluids, and to apply these concepts to model and solve the real-world various flow problems in
conducting medium.

Course Outcome

S.N. Outcomes
COl | Introduction about Magnetohydrodynamics, Maxwell electromagnetic field equations,

Equation of motion of a conducting fluid, MHD approximations, Rate of flow of
charge, Simplification of the electromagnetic field equations.

CO2 | Understand and apply concepts of Magnetic Reynolds number and Magnetic field
equation, Alfven’s Theorem. Magnetic body force, Magnetohydrostatics, Pinch
confinement of a plasma, Equilibrium of sunspots.

CO3 | Introduction of Magnetohydrodynamic waves; Magnetohydrodynamics shock waves,
Shock wave in conducting gas with finite viscosity and thermal conductivity, MHD
effect in shock formation.

CO4 | Burger equation and its Cole-Holf transformation, Behavior of Burger equation as
v — 0, Shock structure, Single hump, N wave, Periodic wave, Confluence of shocks.

COS5 | Demonstrate understanding about Waves and First Order Equations; Continuous
solutions, Kinematic waves, Shock waves, Shock structure, Weak shock waves,
Breaking condition, Note on conservation laws and weak solutions, More general
Quasi-linear equations- Damped waves, Waves produced by a moving source,
Nonlinear first order equations.

CO6 | Understanding about hyperbolic systems arises in several natural phenomenon;
Characteristic and classification, Example of classification, Riemann Invariants,
Stepwise integration using characteristics, Discontinuous derivatives, Expansion near a
wave front, An example from river flow, Shock waves, System with more than two
independent variables.
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Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - 1 1 - 1 1 1 1 3 3

CO2| 3 3 1 2 - - 1 - 2 1 1 2 3 3

CO3| 3 3 1 1 - 1 2 - 2 2 1 2 3 3

CO4 | 3 3 3 3 - 2 | 3 - 3 2 2 2 3 3

CO5| 3 3 3 3 - 2 | 3 - 3 2 2 2 3 3

CO6 | 3 3 3 3 - 2 | 3 - 3 2 2 3 3 3

Syllabus
Module Content Lectures

1. | Nature of Magnetohydrodynamics, Maxwell electromagnetic field 07
equations, Equation of motion of a conducting fluid, MHD
approximations, Rate of flow of charge, Simplification of the
electromagnetic field equations.

2. Magnetic Reynolds number and Magnetic field equation, Alfven’s 06
Theorem. Magnetic body force, Magnetohydrostatics, Pinch confinement
of a plasma, Equilibrium of sunspots.

3. Magnetohydrodynamic waves. Magnetohydrodynamics shock waves, 06
Shock wave in conducting gas with finite viscosity and thermal
conductivity, MHD effect in shock formation.

4. Burger Equation: Burger equation, Cole-Holf transformation of Burger 06
equation, Behavior of Burger equation as v — 0, Shock structure, Single
hump, N wave, Periodic wave, Confluence of shocks.

5. Waves and First Order Equations: Continuous solutions, Kinematic 07
waves, Shock waves, Shock structure, Weak shock waves, Breaking
condition, Note on conservation laws and weak solutions, More general
Quasi-linear equations- Damped waves, Waves produced by a moving
source, Nonlinear first order equations.

6. Hyperbolic Systems: Characteristic and classification, Example of 08

classification, Riemann Invariants, Stepwise integration using
characteristics, Discontinuous derivatives, Expansion near a wave front,
An example from river flow, Shock waves, System with more than two
independent variables.

Texts/References Books:

1. Alan Jeffery: Magnetohydrodynamics, Oliver and Boyd Ltd, Edinburgh, 1966
2. F. Chorlton: Text Book of Fluid Dynamics, C.B.S. Publishers, Delhi, 1985

3. GB. Whitham: Linear and Nonlinear waves, Jhon Wiley and Sons,INC New York,1973.
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Course Code:

MANS54306

Graph Theory

Credits:
3-1-0:4

Prerequisites: NIL

Course Objective: The course aims at introducing students to graph theory. The course discusses
various concepts including graphs and its types, paths and cycles, trees, traversibility and planarity,
colouring of graphs. It also discusses a few classical problems and the origin of the graph theory to
prepare the learners to explore the applications of the graph theory in various fields.

Course Outcome

S.N. Outcomes

CO1 | Determine whether a collection of vertices and edges represents a graph or a tree.

CO2 | Find the graphs isomorphic to a given graph. Find the adjacent neighbours of a vertex of
a graph

CO3 | Recognize whether or not a given graph is a path or a circuit. To find the shortest
distance between two points.

CO4 | Drawing planar graphs and allot colors to different vertices.

COS5 | Recognize whether or not a given graph is a network. Determine the maximum flow in
a graph.

CO6 | Apply different concepts of graph theory in real world.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

COl| 3 - - 3 3 3 1 3 3 3 2 3 3 3

CO2| 3 - - 3 3 3 2 | 3 2 1 1 3 3 3

CO3 | 3 - - 3 3 3 3 3 3 2 2 3 3 3

CO4 | 3 - - 3 3 3 1 3 2 1 1 3 3 3
CO5| 3 - - 3 3 3 3 3 3 2 2 3 3 3
CO6 | 3 - - 3 3 3 3 3 3 2 2 3 3 3
Svllabus
Module Content Lectures

1. Fundamental concepts of graphs and digraphs, Tree and their properties, 06
Binary tree, Spanning tree, connectivity.

2. Representation of a graph and graph isomorphism: adjacency matrix, 06
incidence matrix, graph isomorphism.

3. Paths and circuits: Blocks, Eulerian Circuits, Hamiltonian Cycles, 07
properties of cycles. Shortest path algorithms: Dijkstra’s algorithm,
improved Dijkstra’s algorithm, Floyd-Warshall algorithm.

4. Planarity of graphs, drawing graphs and maps, Graph colouring- 06
colouring maps and planar graphs, colouring vertices, colouring edges, list
colouring,

5. Special digraph models, networks, flows, cuts and applications, directed 07
network models, Ford Fulkerson algorithm, max flow — min cut theorem,
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matchings, Hall’s marriage theorem.

6. Applications of graphs: graphs and algebraic structures, graphs for 08
commutativity, cyclic groups and zero divisors. Boolean algebra and
graphs, graphical representation of transportation problems, travelling
salesman problems, scheduling problems, data handling, one-way street
problem, etc.

Texts/References Books:

1. Introduction to Enumerate Combinatorics, M. Bona, Rudin Series.

2. Introduction to Graph Theory, D.B.West Prentice-Hall of India/Pearson.

3. Graph Theory and Applications J.A. Bondy and U.S.R.Murty: ( Freely downloadable from
Bondy's website; Google-Bondy).

4. Graph Theory: Modeling, Applications, and Algorithms, by Geir Agnarsson and Raymond
Greenlaw.

5. Introductory Combinatorics by R A Brualdi, Pearson Education.

6. Introduction to Graph Theory, M. Chaudhary, V. Sharma, P. Yadav, Sultan Chand & Sons.

: its:
CUR(OE Functional Analysis (;r:,d(;.:

MANS54307
Prerequisites: Real Analysis

Course Objective: Functional analysis is the study of infinite-dimensional vector spaces equipped
with some extra structure. The aim of the course is to introduce and study certain topological-
algebraical structures and the methods by which the knowledge of these methods can be applied to
analytic problems in other areas of pure and applied mathematics to solve real life problems.
Another objective is the study of the main properties of bounded operators between Banach and
Hilbert spaces, the basic results associated to different types of convergences in normed spaces and
the spectral theorem and some of its applications.

Course Outcome

S.N. Outcomes
CO1 | Understand the concept of metric spaces, category of metric spaces, fixed point theory
in metric space, and application of fixed point theory in real-life scenarios.

CO2 | Learn about the concept of normed space and some fundamental theorems in normed
space.

CO3 | Understand the concept of Banach space and some fundamental theorems like Hahn-
Banach Theorem, uniform boundedness principle, open mapping theorem, closed graph
theorem in Banach spaces.

CO4 | Learn the basic concepts of operator theory and its application

COS5 | Understand the concept of inner product spaces and orthonormal basis and its
application in real-life scenarios

CO6 | Recognize Algebraic structures like norm algebra, Banach algebra, and understand
various types of operators like Self-adjoint, normal, and unitary operators in these
abstract spaces
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Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 | PO7|POS|PO9 PO10/PO11{PO12| PSOI PSO2
COl | 3 2 1 1 - 1 - - 1 - 1 1 3 2
Co2| 3 | 2|2 |2 - 1 - - 1 - 1 2 3 2
CO3| 3 3 2 | 3 - 1 - - 2 - 2 2 3 2
CO4 | 3 3 1 3 - 2 - - 1 - 1 1 3 2
CO5|3 | 2|2 |2 - 1 - - 2 - 2 2 3 2
CO6 | 3 2 | 2] 2 - 1 - - 2 - 2 2 3 2
Svllabus
Module Content Lectures
I. Baire’s category theorem: Complete Metric Space, Category, Baires 07
Category Theorem, Contraction Mapping, Banach Fixed Point Theorem,
Application of Banach Fixed Point Theorem.
2. Normed Linear Spaces: Linear Metric Space, Normed Linear Space, 07
Basic Theorems on Normed Linear Spaces.
3. Fundamental Theorems: Banach Space, Hahn-Banach theorem, Open 07

mapping, Closed graph theorems, Uniform boundedness principle.

4, Hilbert Spaces: Inner Product Spaces, Orthonormal Sets, Riesz 07
Representation Theorem, Bounded Linear Operator on Hilbert Spaces.

5. Operator Theory: Linear Operator, Self Adjoint Operators, Compact 06
Operator, Normal and unitary operators.
6. Banach Algebras: Normed Algebra, Spectrum, Self adjoint, normal and 06
unitary operators; Commutative Banach Algebra.

Texts/References Books:

1. G.F. Simmons: Topology and Modern Analysis

2. B. V. Limaye: Functional Analysis

3. K. Yoshida : Functional Analysis , Springer

4. S. Nanda and B Choudhari, Functional Analysis With Application, New Age International Ltd
5. S C Bose, Introduction to Functional Analysis, Macmillan India Ltd.

Course Code: Financial Mathematics Credits: 3-1-0:4

MANS54308

Prerequisites: NIL

Course Objective: The objectives of this course include introducing the students to the
mathematical treatment of risk-neutral valuation, arbitrage, options, stochastic modelling, and
derivatives.
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Course Outcome

S.N. Outcomes

COLl | Price popular types of financial derivatives such as Put and Call options and create
financial strategies which use these derivatives to reduce risk

CO2 | Mathematically model phenomena using stochastic processes and geometric
Brownian motion,

CO3 | Approximate discrete stochastic processes by continuous stochastic processes and
vice versa.

CO4 | Apply the “efficient market hypothesis” and the Arbitrage Theorem and their
implications in various financial modeling situations.

CO5 | Solve the Black-Scholes equation with the appropriate boundary and final/initial

conditions to model the value of a financial derivative or combination of
derivatives.

Course Articulation Matrix:

PO1 | PO2 | PO3 | PO4 | POS5 | PO6 | PO7 | POS | PO9 | PO10 | PO11 | PO12 | PSOI1 | PSO2

COol1 | 3 3 1 1 - - - - - 1 1 1 3 3
COo2 |3 3 2 2 - - - - - 1 1 2 3 3
CO3 |3 3 3 3 - - - - - 2 2 2 3 3
CO4 |3 3 1 1 - - - - - 1 1 1 3 3
CO5 |3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures
1. Review of interest rates and present value analysis: rates of return | 06

and continuously varying interest rates. General principles:

derivatives and options, utility functions, risk aversion, linear

pricing, portfolio choice, finite models, risk-neutral pricing.
2. Elementary probability: probabilities and events, conditional | 06

probability, random variables, expected value, variance, covariance,

and correlation. Normal random variables: continuous random

variables, properties of normal random variables, the Central Limit

Theorem.
3. Lognormal random variables: properties of lognormal random | 06
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variables, their use as a model for changes in the value of a security.
Brownian motion: geometric Brownian motion and its development
as a limit of simpler models.

4, Fixed-income securities: value formulas, bond details, yield, | 06
duration. Term structure of interest rates: yield curve, forward
rates, floating rate bonds. Capital asset pricing model: market
equilibrium, capital market line, security market line, investment
implications.

5. Examples of pricing contracts via arbitrage. * The Arbitrage | 06
Theorem: the Dual Theorem of Linear Programming, the
Fundamental Theorem of Financial Mathematics and multiperiod
binomial models.

6. The Black-Scholes formula: the Black-Scholes partial differential | 06
equation and its boundary and initial/final conditions, properties of
Black-Scholes option cost, estimating the volatility parameter, and
pricing Put Options. Valuing by expected utility: limitations of
arbitrage pricing, portfolio selections, estimating covariances, mean
variance analysis of risk-neutral-priced Call Options, and single
period rates of return. Interest rate derivatives: examples, theory,
and pricing applications.

References/Books

1. An Introduction to Mathematical Finance: Options and Other Topics, Sheldon M. Ross,
Cambridge University Press, Cambridge, 1999.

2. Martin Baxter and Andrew Rennie, Financial Calculus: An Introduction to Derivative Pricing,

Cambridge University Press, Cambridge, 1996.

Investment Science, David G. Luenberger, Oxford University Press, New York, 1998.

4. The Mathematics Of Financial Derivatives: A Student Introduction, Paul Wilmott, Sam
Howison, and Jeff Dewynne, Cambridge University Press, Cambridge, 1995

5. Robert J. Elliott and P. Ekkehard Kopp, Mathematics of Financial Markets, Springer-Verlag,
New York, 1999.

6. John C. Hull, Fundamental of Futures and Options Markets, 4th edition, Prentice-Hall, Inc.,
Upper Saddle River, NJ, 2002.

7. Thomas Mikosch, Elementary Stochastic Calculus With Finance in View, World Scientific
Publishing, River Edge, New Jersey, 1998.

8. Salih N. Neftci, An Introduction to the Mathematics of Financial Derivatives, Academic
Press, San Diego, 1996.

(98]

Course Code: Special Functions Credits: 3-1-0:4

MANS54309

Prerequisites: NIL

Course Objective: The objective of the course is to study some important special functions and

thereby to study a variety of different methods for discovering the properties of such functions.
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Course Outcome

S.N. Outcomes

COl | Understand the properties of Gauss hypergeometric functions and its integral
representation linear and quadratic transformation and summation formulae.

CO2 | Perform operations with Generalised Hypergeometric Functions, Hermite,
Laguerre, Jacobi Ultraspherical polynomials and differential equations.

CO3 | Apply the recurrence formulas of different special functions. Asymptotic Series.
Basic Hypergeometric functions and its elementary properties, summation and
transformation formulae

CO4 | Orthogonal polynomials, Demonstrate an understanding of how physical
phenomena are model using special functions.

CO5 | Characterization and explain the applications and usefulness of special functions in
various contexts.

CO6 | Elliptic integrals and associated properties, Integrate knowledge of special functions

into problem-solving and analytical techniques.

Course Articulation Matrix:

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | POS | PO9 | PO10 | PO11 | PO12 | PSOI1 | PSO2
COol1 | 3 3 1 1 - - - - - 1 1 1 3 3
CO2 |3 3 2 2 - - - - - 1 1 2 3 3
CO3 |3 3 3 3 - - - - - 2 2 2 3 3
CO4 |3 3 1 1 - - - - - 1 1 1 3 3
CO5 |3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures
1. Differential  equations  with  three regular  singularities | 06

hypergeometric differential equations Gauss hypergeometric
functions elementary properties-contiguous relations, integral
representation linear and quadratic transformation and summation
formulac  Analytic continuation. Barnes’ contour integral
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representation.

2. Confluent hypergeometric function and its elementary properties, | 06
Generalized hypergeometric function pFq and its elementary
properties, linear and quadratic transformations, summation
formulae. Hermite, Laguerre, Jacobi Ultraspherical polynomials,
Definition and elementary properties.

3. Asymptotic Series: Definition, elementary properties-term by term | 06
differentiation, integration, theorem of uniqueness, Watson’s
lemma, Asymptotic expansions of 1Fi, 2Fi. Basic Hypergeometric
functions and its elementary properties, summation and
transformation formulae.

4. Orthogonalpolynomials: Definition their zeros expansion in term of | 06
orthogonal polynomials, three term recurrence relation, Christofel-
Darboux formula, Bessel’s inequality.

5. Characterization — Appell,Sheffes and o-type characterization of | 06
polynomial sets. Weirstrass’ Elliptic Functions, irreducible zeros
and poles of elliptic functions. Weierstrass’ functions p(z), (z) and
0(z), pseudo periodicity of (z) and o(z).

6. Differential equation, addition theorem for p(z). Algebraic relation | 06
between two elliptic functions ,expansion for elliptic functions in
term of 0(z), (z) and p(z). Evaluation of elliptic integrals.

References/Books

1. Theory of complex variables E. T. Copsom Wile limited 1997.

2. Resonance of Ramanujan Mathematics volume I, IL, III, R. P. Agrawal Narosa publishing
3. house 1996.

4. Theory of Hypergeometric functions and applications, Gasper and Rehman M. allied

5. publishers 2000.

Course Code: . Credits:
MANS4310 Wavelet Analysis 3.1-0:4

Prerequisites : NIL

Course Objective: The objective of the course is to make the students aware of Wavelet Analysis.
After going through this course the student will be able
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1. Learn adequate knowledge by different types of transform.

2. Understand the concepts of continuous wavelet transform.

3. Improve problem solving skills using discrete wavelet transform and filter banks.

4. Understand the concepts of Multi resolution analysis. Learn the various applications of wavelet.

Course Outcome

S.N. Outcomes

COl | Learn adequate knowledge by different types of transform.

CO2 | Understand the concepts of continuous wavelet transform.

CO3 | Improve problem solving skills using discrete wavelet transform and filter banks.

CO4 | Understand the concepts of Multi resolution analysis.

COS5 | Learn the various applications of wavelet.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10|PO11|PO12[PSO1| PSO2

COl1| 3 3 1 1 - - - - - 1 1 1 3 3
CcCO2| 3 3 2 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5 | 3 3 3 3 - - - - - 2 2 2 3 3
CO6| 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus

Module Content Lectures

1. The Scalable Structure of Information: The New Mathematical | 06
Engineering, Good Approximations

2. Wavelets: A Positional Notation for Functions, Review of linear algebra: | 06
Vector spaces, basis, dimension, linear transformations, matrices and
digitalization, inner products and orthonormal bases.

3. Wavelet Theory: Algebra and Geometry of Wavelet: Matrices, One- | 07
Dimensional Wavelet Systems, Examples of One-Dimensional Wavelet

Systems
4, Higher Dimensional, Wavelet Systems. Wavelets on Z, Z n, 1"2(Z), 06
5. Fourier series, transform and convolution on 1*¥2. 06
6. Wavelet Approximation and Algorithms: The Mallat Algorithm. 06

Texts/References Books:
1. George J. Klir; Wavelet Analysis and its Applications.
2. Y.Y.Tang; Wavelet Analysis and its Applications.
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Course Code: Credits:

MANS54311 Digital Image Processing

Prerequisites: NIL
Course Objective: Image Processing is an upper-level elective post graduate student course. The

3-1-0:4

objectives of this course are:
e The primary objective of this course is to introduce students to basic principles of digital
images
e Image data structures
e Image processing algorithms.

e Enhancement of Images

Course Outcome

S.N. Outcomes
COl | Understanding of digital image processing fundamentals: hardware and software,

CO2 | digitization, enhancement and restoration, encoding, segmentation, feature detection

CO3 | Ability to apply image processing techniques in both the spatial and frequency (Fourier)

domains

CO4 | Ability to write image processing programs in a high-level language such as C++

COS5 | Experience working in teams

CO6 | Experience in technical communication

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6 |PO7|PO8|PO9 PO10/PO11PO12/PSO1| PSO2
Col| 3 | 3 1 1 - - - - - 1 1 1 3 3
CO2 | 3 312 ]2 - - - - - 1 1 2 3 3
COo3| 3 | 3 313 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
COo6| 3 | 3 313 - - - - - 2 2 2 3 3
Svllabus
Module Content Lectures
1. Catalog Description: Discrete time signals, and systems. Sampling, 07
reconstruction, and quantization.
2. | Digital image representation. Digital image fundamentals. Image 07
transforms. Image enhancement.
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3. Image restoration. Image segmentation and description. The digitized 06
image and its properties.

4. Data structures for image analysis Image pre-processing, Segmentation, 07
Shape representation and description.

5. | Mathematical morphology, Linear discrete image transforms. 07

6. Image data compression, Texture. 07

Texts/References Books:

1. M. Sonka, V. Hlavac, R. Boyle, "Image Processing, Analysis, and Machine Vision".
Texts/References:

R. C. Gonzalez, R. E. Woods, "Digital Image Processing", Addison-Wesley.

A. K. Jain, "Fundamentals of digital Image Processing", Prentice-Hall.

K. R. Castleman, "Digital Image Processing".

M. Seul, "Practical Algorithms for Image Analysis: Descriptions, Examples, and Code".

2.
3.
4.
3.

Course Code: Credits:
Differential Geometry and Tensor Analysis

MANS54312 3-1-0:4

Prerequisites: NIL
Course Objective: This course gives students basic knowledge of classical differential geometry
Of Curves and Surfaces and Tensor analysis.

Course Outcome:
Upon successful completion of this course, students are expected to:

S.N. Outcomes

COl Understand geometry of some important curves such as the helix, Involutes &
evolute, cycloid, etc. Find the osculating plane at any point of a given curve.

CO2 Understand geometry of some important surfaces such as helicoid, hyperbolic
paraboloid etc.

CO3 Understand the role of tensors in differential geometry.

CO4 Understand the interpretation of the curvature tensor, Geodesic curvature,
Gauss and Weingarten formulae.

COs5 Learn and apply problem-solving with differential geometry to diverse
situations.
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Course Articulation Matrix:

PO1 | PO2 | PO3 | PO4 | POS5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2

Co1 |3 3 1 1 - - - - - 1 1 1 3 3

C0O2 |3 3 2 2 - - - - - 1 1 2 3 3

CO3 |3 3 3 3 - - - - - 2 2 2 3 3

CO4 |3 3 1 2 - - - - - 1 1 1 3 3

CO5 3 3 3 3 - - - - - 2 2 2 3 3

CO6 |3 3 3 3 - - - - - 2 2 2 3 3
Syllabus

Module Content Lectures

1. | Curves in space, Curvature of plane curves, arc length and line integrals, | 06
Curvature and torsion of curves, vector fields, integral curves of vector fields,
tangent, normal, binormal, tangent spaces, Frenet-Serret’s
formulae, Properties of curves like Helix, Involutes & evolute, cycloid,

2. Surfaces in Euclidean spaces, vector fields on surfaces, orientation, Gauss | 07
map. Surface theory: First fundamental forms and second fundamental forms,
Curvature of curves in surface, Curves on a surface: Principle directions, lines
of curvature, conjugate curves, asymptotic lines, isometric lines Geodesics,
Weingarten map.

3. | Curvature of plane curves, arc length and line integrals. Curvature of|06
surfaces. Parametrized surfaces, local equivalence of surfaces. Gauss-Bonnet
Theorem, Poincare-Hopf Index Theorem.

4. | Tensor Analysis and Applications: Space of N-dimensions, second order |07
tensors, Higher order tensors, Tensor algebraic operations, Eigen values and
eigen vectors of tensors, symmetric tensors, skew symmetric tensors,
orthogonal tensors, Quotient law, relative tensor, Metric tensors.

5. | Principal directions for a symmetric covariant tensor, Permutations symbols | 06
and tensors, Christoffel symbols and covariant differentiation Ricci theorem,
Curl, divergence gradient Intrinsic derivative, curvature tensor and
Riemannian curvature, Tensor processing.

6. | Case studies with applications of tensor analysis in science and engineering. | 04

Text Books/References:
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Differential Geometry of Curves and Surfaces by M. doCarmo, Prentice Hall, 1976.
Elementary Differential Geometry by B. O'Neill, Academic Press, New York, 1966.
Differential Geometry: B.B. Sinha

Differential Geometry by J.J. Stoker, Wiley-Inter science, 1969.

Elementary Topics in Differential Geometry by J.A. Thorpe, Springer, 2004.

Vector and Tensor Analysis, Brand, L., John Wiley and Sons 1990.

Tensor Calculus, Theory and Problem, J.L. Bansel, Jaipur Publishing House, 2000.

Nk =

Course Code:
MANS54313
Prerequisites: NIL

Discrete Mathematics

Course Objective: This course provides students with a solid foundation in discrete mathematics.
The course aims to develop students' skills in mathematical logic, combinatorics. Students will
gain the ability to analyze and solve problems involving discrete structures.

Course Outcome

S.N. QOutcomes
COl | Properties of integers and basic counting.
CO2 | Understand functions.

CO3 | Work basic and advanced counting tools.

CO4 | Groups and Polya theory.
COS5 | Find the generating functions.

CO6 | Topics in classical graph theory.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5|PO6|PO7|PO8|PO9 PO10|PO11{PO12|PSO1| PSO2
Cco1 | 3 3 1 1 - - - - - 1 1 1 3 3
co2 | 3 3 2 2 - - - - - 1 1 2 3 3
CO3 | 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures
I. Natural Numbers: Well Ordering Principle, Principle of Mathematical 06
Induction.
Set Theory: Ordered Sets, Relations, Equivalence Relations and
Partitions, Modular Arithmetic.
2. Functions: Functions, Composition of Functions, one-one, onto and 06
Inverse of a function.
3. Basic Counting Principles: Number of one-one, Permutation, 06
Combinations, Number of onto functions, Partitions and Stirling Numbers
of Second kind.

69



Advanced Counting: Pigeon-hole Principle, Inclusion-Exclusion
Principle, Putting Balls into boxes, Round Table Configurations, Counting
using Lattice Paths, Catalan Numbers.

Group Theory: Groups, Subgroups, Cyclic Groups, Characterisation of 10
Cyclic Groups, Lagrange’s Theorem, Normal Subgroups, Homomorphism
and the first Isomorphism theorem of groups, Symmetric Group till
definition of Alternating Group.

Group Action: Orbit Stabilizer Theorem and its applications to Polya’s
Counting Principle and Polya’s Inventory Problems.

Recurrence Relations: Generating Functions, Using generating functions 06

to prove results related to certain binomial coefficients.

Basic Graph Theory: Graphs, Trees, Characterization of Trees, Rooted 06
Trees.

Texts/References Books:

D. LLA. Cohen,Basic Techniques of Combinatorial Theory, John Wiley and Sons, New
York, 1978.

G.E. Martin, Counting: The Art of Enumerative Combinatorics, UTM,Springer, 2001.
R. Merris, Combinatorics, 2th edition, Wiley-Interscience, 2003.

H.S. Wilf, Generatingfunctionology,Academic Press, 1990.

Ronald L. Graham, Donald E.Knuth, and Oren Patashnik, Concrete Mathematics:A
Foundation for Computer Science (2nd ed.), 1994.
J.A. Gallian, Contemporary AbstractAlgebra (4th ed.), Narosa Publication, New Delhi,
1998. 7. R.A.Brualdi, Introductory Combinatorics (5th ed.), Prentice Hall, 2009.

: its:
Course Code FUZZY SET THEORY, ARITHMETIC AND LOGIC  Credis

MANS54314

3-1-0:4

Prerequisites : NIL

Course Objective: Fuzzy Set Theory is to provide students with a solid foundation in discrete
mathematics and fuzzy logic. The course aims to develop students' skills in fuzzy sets and fuzzy
logic. Students will gain the ability to analyze and solve problems involving uncertainty, and apply
these concepts to real-world problems, including the design of expert systems and decision-making
processes.

Course Outcome

S.N. Outcomes

COl | Apply operations such as t-norms, t-conorms, and complements on fuzzy sets, and
understand how these operations combine to solve fuzzy problems.

CO2 | Use alpha-cuts and the decomposition principle to solve problems involving fuzzy
arithmetic, and understand how fuzzy numbers (MIN, MAX) are used in practical
applications.

CO3 | Comprehend the concepts of fuzzy sets, membership functions, and operations. Analyze
uncertainty and imprecision in information, apply fuzzification techniques, and utilize
fuzzy measures, including belief and plausibility measures. Understand the extension
principle of probability measures in the context of fuzzy sets.

CO4 | Differentiate between possibility and probability theory, and apply the concept of fuzzy

70




quantifiers and Dempster's rule for solving real-world uncertainty problems.

COS5 | Define fuzzy propositions, linguistic hedges, and make inferences from both conditional
and unconditional fuzzy propositions using various inference systems..
CO6 | Understand and implement multi-valued logic in the context of fuzzy systems and

propositional logic, and solve complex fuzzy inference problems using multi-valued

logic principles.

Course Articulation Matrix:

PO1|PO2|PO3 |PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl | 3 3 1 1 - - - - - 1 1 1 3 3

CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3

CO3| 3 3 3 3 - - - - - 2 2 2 3 3

CO4 | 3 3 1 2 - - - - - 1 1 1 3 3

CO5| 3 3 3 3 - - - - - 2 2 2 3 3

CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus
Module Content Lectures

1. | Introduction to Fuzzy sets, Crisp vs Fuzzy Types of Fuzzy sets, Membership 05
functions, Alpha cuts, alpha cuts Operation on fuzzy sets, t-norm,
complements t-conorm, combination of operations continued.

2. Introduction to Fuzzy arithmetic Interval, arithmetic using alpha cuts, MIN 06
and MAX fuzzy numbers.

3. | Fuzzy arithmetic using Alpha cuts continued decomposition principle, 06
Extension principle Fuzzy arithmetic using Extension Principle, Fuzzy
Equations

4. Relations, Introduction to fuzzy relations Projections, Equivalence relation, 06
transitive closure, compatibility relation, Introduction to propositional Logic,
Boolean Algebra Multi valued logic.

5. Fuzzy Logic, Linguistic hedges, Fuzzy propositions (conditional and 06
unconditional), Inference from conditional and qualified fuzzy propositions
Week. Inference Systems I, Inference Systems II.

6. Fuzzy Quantifiers, Inference from quantified fuzzy propositions, 06
Introduction to possibility theory Possibility vs probability Belief and
Plausibility, Dempsters rule.

1.

Texts/References Books:

2006.

2.

Kanal, North Holland, New York 1992.
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Analysis and management of uncertainty: Theory and applications: Ayyub, B. M., L.N.




3. Fuzzy data Analysis: Bandler, W. and W. Nather, Kluwer 1996.
4. Chang and Lee, Symbolic Logic and Mechanical Theorem Proving.

Course Code:
MANS54315
Prerequisites: NIL

Set Theory and Mathematical Logic

Course Objective: The course is an introduction to set theory and mathematical logic, giving the
student an exposure to the foundations of mathematics, and indicating how various mathematical
theories dealt with in other courses are examples of formal logical systems. Set theory will focus
on differentiating between infinities and the axiom of choice. The second half will show
demonstrate the difference between syntax (symbolic presentations) and semantics (meaning)
while emphasizing the expressive power of mathematical languages through several examples. A
part on Boolean algebras introduces the student to order theory as well.

Course Outcome

S.N. QOutcomes
COl1 | Knowledge of advance tools of set theory.
CO2 | Cardinality and ordinality of number system

CO3 | Partially ordered sets and Boolean algebra tools

CO4 | Basic concepts of logic
COS5 | Hilbert-style deductive calculus

CO6 | Theories, models, elementary equivalence

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - - - - - 1 1 1 3 3
CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3
CO3| 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Svllabus

Module Content Lectures
I. Introduction to set theory: some axioms of the Zermelo-Fraenkel set 06

theory, Russell's paradox, proper classes and sets; Glossary of set theory:
union, intersection, power set, ordered pairs and binary Cartesian
products; Functions: injective, surjective and bijective functions,
composition of functions, direct and inverse images, sets of functions;
Cantor's theorem on power sets. Equivalence relations, partitions and
quotients; Choice functions, Cartesian products of arbitrary families and
the Axiom of Choice (AC), Equinumerosity; Cantor-Schroeder-Bernstein
(CSB) theorem: proof 1 by Julius Konig, proof 2 via Knaster-Tarski fixed
point theorem
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2. Standard number systems: Natural numbers, arithmetic of natural numbers 06
using recursion, Integers, Rational numbers, Real numbers; Applications
of the CSB theorem to sets constructed using standard number systems
(tools include Cantor's middle third set and continued fractions);
Equivalence of strong and weak induction principles. Linearly ordered
sets; Ordinal numbers: well-ordered sets, transitive sets, transfinite
induction, ordinal arithmetic, Well-Ordering Theorem (WOT); Cardinal
numbers: cardinal arithmetic assuming WOT

3. Partially ordered sets (posets): strict and weak, Glossary of order theory: 06
maximum, minimum, maximal and minimal elements, up and down
subsets, Hasse diagram, chains and antichains; Order-preserving
(monotone) and order reflecting maps, order isomorphism; Order-
theoretic and algebraic lattices, lattice homomorphisms; Zorn's lemma
(ZL), Equivalence between AC, ZL and WOT (without proof),
Application of ZL to construct a basis of a vector space (non-examinable).
Boolean algebras as complemented distributive lattices; Glossary of
Boolean algebras: atoms and co-atoms, filters, equivalence between
different types of filters: maximal, prime and ultrafilters; Homomorphism
and isomorphism between Boolean algebras; Boolean prime filter
theorem; Stone's representation theorems for Boolean algebras: finite and
infinite versions

4. Introduction to logic; Propositional logic syntax: language and meta- 10
language, formulas, unique readability of formulas; Propositional logic
semantics: valuations, logical equivalence of formulas, Lindenbaum-
Tarski algebra. Conjunctive and disjunctive normal forms; Adequate sets
of connectives; Satisfiable sets of formulas, logical/ semantic consequence
relation; Hilbert-style deductive calculus: sequents and formal proofs,
deductive/syntactic consequence relation

Finite character of proof; Deduction theorem; Consistent sets of formulas; 06

Soundness and completeness theorem for Hilbert-style deductive calculus;
Compactness theorem; Konig's lemma as an application of compactness.
Predicate logic syntax: language and meta-language, terms, formulas;
Predicate language semantics: structures, interpretation/value of a term,
truth of a formula, logical/semantic consequence relation, substructures
and structure homomorphisms

6. Theories, models, elementary equivalence; Ultraproducts, Los' theorem 06
(proof non-examinable), construction of the ordered field of hyper reals as
an application of the ultraproduct construction, Compactness via Los'
theorem. Upward and downward Lowenheim-Skolem theorems (without
proof); Introduction to categoricity of theories; Quantifier elimination;
Godel's incompleteness theorems (without proof)

Texts/References Books:
1. W. Rudin, Principles of Mathematical Analysis, 3rd ed., McGraw-Hill, 1983.
2. T. Apostol, Mathematical Analysis, 2nd ed., Narosa Publishers, 2002.
3. N. L. Carothers, Real Analysis, Cambridge University Press, 2000.
4. S. C. Malik, S. Arora, Mathematical Analysis, New Age International (P) Ltd. Second
Edition, 2004.
5. Charles G. Denlinger, Elements of Real Analysis, Jones and Bartlett Publishers, 2011.
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>

K. Ross, Elementary Analysis: The Theory of Calculus, Springer Int. Edition, 2004.

P.R. Halmos, Measure Theory, Graduate Text in Mathematics, Springer-Verlag, 1979.

8. Inder K. Rana, An Introduction to Measure and Integration (2nd ed.), Narosa Publishing
House, New Delhi, 2004.

9. H.L. Royden, Real Analysis, 3rd ed., Macmillan, 1988.

10. NPTEL

~

: its:
CUNR(OE Foundations of R Software SLEIE

MAN54316 3-1-0:4
Prerequisites: NIL

Course Objective: Any scientific task without the knowledge of software is difficult to complete
in the current scenario. R is free software that is capable of mathematical and statistical computing.
It has its own programming language, built-in functions, and graphical capabilities to perform any
specialized task in mathematics, statistics, and other areas. We intend to learn the fundamentals of
R software in this course.

Course Outcome

S.N. Outcomes
CO1 | Importance of R software
CO2 | Basic mathematics operations using R software

CO3 | Data handling in R software

CO4 | Display and Formatting
COS5 | Data Frames: Combining and Merging

CO6 | Plotting graphs.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6|PO7|PO8|PO9 PO10|PO11{PO12|PSO1| PSO2
Cco1 | 3 3 1 1 - - - - - 1 1 1 3 3
CcO2 | 3 3 2 2 - - - - - 1 1 2 3 3
CO3 | 3 3 3 3 - - - - - 2 2 2 3 3
CO4 | 3 3 1 2 - - - - - 1 1 1 3 3
CO5| 3 3 3 3 - - - - - 2 2 2 3 3
CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures
I. Why R and Installation Procedure; Help, Demonstration, and Examples in 06
R; Packages and Libraries in R; Command Line and Data Editor.
Introduction to R Studio; Basic Operations in R; R as a Calculator with
Scalars and Data Vectors : Addition, Subtraction, Multiplication &
Division
2. Calculations with Data Vectors: Addition, Subtraction, Multiplication & 03
Division; R as a Calculator with Scalars and Data Vectors: Power
operations, Integer and Modulo divisions; Built in Functions and
Assignments; Matrices. Matrix Operations — Row, Column & Other
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Operations; Matrix Operations — Access and Mathematical Operations;
Matrix Operations — Mathematical and Other Operations; Logical
Operators; Relational and Logical Operators

3. Missing Data Handling, Conditional Executions — If and If-Else, 06
Conditional Executions — Nested if else if and ifelse; Functions for
Conditional Executions — switch and which commands. Loops — for loop;
Loops — while and repeat; Functions; Sequences

4. More Sequences and Other Operations; Sequences of Dates and 5
Alphabets; Repeats; Sorting, Ordering and Mode; Lists. Operations on
Lists; Vector Indexing; Factors; Factors — Class and Unclass; Strings —
Display and Formatting : Print and Format Function

Strings — Display and Formatting: Print and Format with Concatenate; 03

Paste Function; String Splitting; Manipulations with Strings and
Alphabets. Strings — Display and Formatting: Substitution and
Replacement of Strings; Data Frames; Data Frames: Creation and
Operations; Data Frames: Combining and Merging

6. | Data Handling: Importing and Reading CSV and Tabular Data Files; 02
Importing and Reading EXCEL and other Data Files; Saving and Writing
Data Files; Introduction to Statistical Functions: Introduction, Frequencies
and Partition Values. Graphics: Scatter Plot and Bar Plots; Sub-Divided
Bar Plots and Pie Diagram , Histogram; Bivariate and Three Dimensional
Scatter Plots, Some Examples of R Programming.

Texts/References Books:
1. Robert L. Kabacoff, R in Action, Dreamtech Press.
2. Norman Matloff, The Art of R Programming — A Tour of Statistical Software Design, No
Starch Press.
3. Jared P. Lander, R for Everyone: Advanced Analytics and Graphics, Pearson Education
4. NPTEL

Course Code: Credits:

Essential Mathematics for Machine Learning

MANS54317
Prerequisites: NIL

3-1-0:4

Course Objective: Machine learning (ML) is one of the most popular topics of nowadays
research. This particular topic is having applications in all the areas of engineering and sciences.
Various tools of machine learning are having a rich mathematical theory. Therefore, in order to
develop new algorithms of machine/deep learning, it is necessary to have knowledge of all such
mathematical concepts. In this course, we will introduce these basic mathematical concepts related
to the machine/deep learning. In particular, we will focus on topics from matrix algebra, calculus,
optimization, and probability theory those are having strong linkage with machine learning.
Applications of these topics will be introduced in ML with help of some real-life examples.

Course Outcome

S.N. Outcomes
CO1 | Special Matrices and Properties.
CO2 | Spectral Decomposition

75



CO3 | Matrices Applications in Machine Leaning.

CO4 | Basics concepts of Calculus

COS5 | Numerical Optimization in Machine Learning

CO6 | Discrete and continuous distribution functions, SVM in Python

Course Articulation Matrix:

PO1|PO2|PO3|PO4|PO5|PO6|PO7|PO8|PO9|PO10PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - - - - - 1 1 1 3 3

CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3

CO3| 3 3 3 3 - - - - - 2 2 2 3 3

CO4 | 3 3 1 2 - - - - - 1 1 1 3 3

CO5| 3 3 3 3 - - - - - 2 2 2 3 3

CO6 | 3 3 3 3 - - - - - 2 2 2 3 3

Syllabus
Module Content Lectures

I. Vectors in Machine Learning, Basics of Matrix Algebra, Vector Space, 06
Subspace, Basis and Dimension. Linear Transformations, Norms and
Spaces, Orthogonal Complement and Projection Mapping, Eigenvalues
and Eigenvectors, Special Matrices and Properties.

2. Spectral Decomposition, Singular Value Decomposition, Low Rank 03
Approximations, Python Implementation of SVD and Low-rank
Approximation. Principal Component Analysis,Python Implementation of
PCA, Linear Discriminant Analysis, Python Implementation of LDA.

3. Least Square Approximation and Minimum Normed Solution, Linear and 06
Multiple Regression, Logistic Regression. Classification Metrics, Gram
Schmidt Process, Polar Decomposition, Minimal Polynomial and Jordan
Canonical Form, Some more Matrices Applications in Machine Leaning.

4. Basics concepts of Calculus, gradient, Jacobian, Chain rule, Change of 5
variables. Calculus in Python, Convex sets and convex functions,
properties of convex functions, Introduction to Optimization.

> Numerical Optimization in Machine Learning, Gradient Descent and other 03
optimization algorithms in machine learning. Optimization using Python,
Review of Probability, Bayes theorem and random variable, Expectation
and variance.

6. Discrete and continuous distribution functions, joint probability and 02

covariance, Introduction to SVM, Error minimizing LPP. Lagrangian
Multiplier method, concepts of duality, hard and soft margin classifier,
SVM in Python.

Texts/References Books:

1. Deisenroth, A. Aldo Faisal, and Cheng Soon Ong., Mathematics for Machine Learning,
Cambridge University Press., 2020.

2. H.M. Craig, Introduction to Mathematical Statistics, Pearson, 2019.

3. NPTEL
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Course Code: Credits:
MAN54318 3-1-0:4
Prerequisites: NIL

Representation Theory of Finite Groups

Course Objective: Objectives of this course is to teach students basic structure of representations
and characters of finite groups. Group representations, Maschke’s theorem and complete
reducibility, Characters, Inner product of Characters, Orthogonality relations, Burnside’s theorem,
induced characters, Frobenius reciprocity, induced representations, Mackey’s Irreducibility
Criterion, Character table of some well-known groups, Representation theory of the symmetric
group: partitions and tableaux, constructing the irreducible representations, Brauer representations.

Course Outcome

S.N. Outcomes

CO1 | Students will learn important concepts of representation theory of finite groups.

CO2 | This course will give an idea how representation theory is useful in different areas of
Mathematics as well as Physics.

CO3 | This course will help them to explore research on Representation theory of finite groups
and related areas.

CO4 | Describe the main features of the proofs of important theorems.

CO5 | Use the theory, methods and techniques of the course to solve mathematical problems.
CO6 | Construction of Characters, some applications of character theory to group theory.

Course Articulation Matrix:

PO1|PO2|PO3|PO4|POS5 |PO6 |PO7|PO8|PO9|PO10|PO11|PO12|PSO1| PSO2

COl| 3 3 1 1 - - - - - 1 1 1 3 3

CO2| 3 3 2 | 2 - - - - - 1 1 2 3 3

CO3| 3 3 3 3 - - - - - 2 2 2 3 3

CO4 | 3 3 1 2 - - - - - 1 1 1 3 3

CO5| 3 3 3 3 - - - - - 2 2 2 3 3

CO6 | 3 3 3 3 - - - - - 2 2 2 3 3
Syllabus
Module Content Lectures

1. The basic definitions and standard properties of linear representations of 07
finite groups over the complex numbers, Structure of the Group Algebras
over the complex numbers, Definition of FG-modules, FG-
Homomorphism, Semi simple algebras with semi simple modules.

2. Schur’s lemma and Maschke’s theorem, number of irreducible 06
representations, The relation between representations and characters, the
orthogonality relations and other fundamental properties of characters and
character tables. Application of the above results to performing explicit
calculations for groups of small order. some applications of character
theory to group theory.

3. Irreducible modules, Wedderburn’s Theorem, Definition of Characters, 06
Inner products of characters, Conjugacy classes, character table,
Orthogonality relations and bilinear forms and their Consequences.
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4. Operations on Characters, Normal subgroups and lifted characters, Tensor 8
products, Restriction to a subgroup, Number of simple characters,
Algebraic integers and divisibility of character degrees, Induced modules
and characters, The matrix summands of the complex group algebra,
Burnside’s p?q® theorem, Construction of Characters, Lifting of
representations from a quotient group, Induction and Restriction,
Symmetric and Exterior Powers, Construction of Character Tables.

5. Brauer characters, definition of Brauer characters, Orthogonality relations 06
and Grothendieck groups, The cde triangle in terms of Brauer characters

Texts/References Books:

I. Jean-Pierre Serre, Linear Representations of Finite Groups, Springer

2. Fulton and Harris, Representation Theory: A First Course, Springer

3. Ramji Lal, Algebra 2, Springer

4. I. D. Macdonald, Character Theory of Finite Groups, Cambridge university press.

Course Code:
MANS3309 & Research Methodology and Research Ethics

MANS4319

Course Objective: Objectives of this course is to teach the students basic knowledge of research
in Mathematics subject.

Course Outcome

S.N. Outcomes
CO1 | Students will learn fundamental concepts of research and its different approaches.
CO2 | This course will give an idea how to write a research report using LaTeX software.

CO3 | This course will help them to learn about research ethics and Plagiarism testing.

CO4 | Compare the research using different statistical tools.
CO5 | Use the theory, methods and techniques of the course to solve mathematical problems.
CO6 | Use of mathematical softwares.

Course Articulation Matrix:

POI1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2
Ccol| 1 1 2 1 - 1 - 1 1 1 1 1 1 1
coz | 1 1 2 1 - 1 - 1 1 1 1 2 1 2
Co3 | 1 1 3 1 - 1 - 2 2 1 2 2 2 2
Co4 | 1 1 3 1 - 1 - 2 2 1 2 2 2 2
COos5| 1 1 3 1 - 1 - 2 2 1 2 2 2 2
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Svyllabus
Part- A Research Methodology and Research Ethics Theory

Unit 1: Fundamentals of Research 9(L)

Purpose and Objectives for Research, Types of research, Research Approaches, Techniques and
Tools used in Research and Solving Organizational and Societal Problems. The Art of “Searching,
Reading and Selecting” Relevant Research Papers. Identification of Gaps from Literature Review.
Formulation of Research Problem. Role of Research Supervisor.

Unit 2: Report Writing and Presentation 10(L)

Analysis with Results, Types of Graphs, Structure and Components of Scientific Reports, Types of
Report, Steps in the Preparation of Report, Layouts, LaTeX, Illustrations and Tables,
Bibliography, Referencing, Footnotes, Planning and Preparation of Presentation, Visual Aids in
Presentation. Conclusion and Future

Works related to Research.

Unit 3: Ethics in Research 11(L)

Ethical Considerations in Research, Intellectual Property and Intellectual Property Rights, Trade
Aspects of Intellectual Property, Plagiarism and Software’s for the Detection of Plagiarism.
Scientific Misconducts, Selective reporting, Conflict of Interest, Acknowledgements. The
Copyrights Act, 1957, The Trademarks Act, 1999, The Patents Act, 1970, The Design Act, 2000,
IPC Section 103 and Punishments for Infringements.

Part- B Research Methodology and Research Ethics

Unit 4: Statistical Tools and Techniques 5 (L)

Data Amputation, Measurement Techniques and Tools, Sampling Theory, Estimation Theory,
Decision Theory, Central Limit Theorem, Sampling of Data. Dealing with Errors, Statistical Tests:
z-test, ¥>-test, t-test, Friedman and Wilcoxon Tests.

Unit 5: Computational Tools and Techniques 5 (L)

Overview of Python for statistical analysis, visualization, and handling data, Applications in
MATHEMATICA Software: Manipulation of equations and series expansions, Creating
interactive visualizations and dynamic plots.

Reference/ Books:
1. Anthony M. Graziano, Michael L. Raulin: Research Methods: A Process of Inquiry
Hardcover, Pearson International Publication.
2. Susan Louise Peterson: The Research Writer's Phrase Book: A Guide to Proposal Writing
and Research Phraseology, International Scholars Publication.
3. CR Kothari and Gaurav Garg: Research methodology: Methods and Techniques, New Age
International Publication.
4. Barbara Gastel and Robert A. Day: How to Write and Publish a Scientific Paper, Greenwood
Publication.
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5. Armold D. Well, et al.: Research Design and Statistical Analysis, Routledge Publications.
6. McKinney, Wes. Python for data analysis. O'Reilly Media, Inc..
7. Wolfram, Stephen. The Mathematica Book. Wolfram Media.
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