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DEPARTMENT OF MATHEMATICS

The department of mathematics came into existence w.e.f., 1st April, 2003, prior to this it
constituted a section of the Department of Applied Mathematics, Applied sciences and
Humanities. The department offers core courses at undergraduate level and several advanced
courses at post graduate level. The department also enrolls candidates for Ph.D. program. There
is a wide spread interaction between mathematics department and various engineering
departments in the field of teaching and research. The department of Mathematics started full
time M.Sc. in Mathematics and Scientific Computing program since 2008. This two-year
program offers an exciting opportunity to students who are interested in Mathematics and who

wish to pursue courses for industry, research and teaching.

DEPARTMENT VISION

Department of Mathematics of Motilal Nehru National Institute of Technology Allahabad
would continue to provide leading programs in the field of computing. The graduates produced
would be globally recognized as innovative and well-prepared Mathematical computing
professionals. These graduates would be leaders and innovators in the industry, education, and
other walks of social life. The faculty working in the department would influence the national
and international agenda through quality in teaching and research. Department would strive for

inter-disciplinary pursuits that reinforces the impact of computation in other disciplines.

DEPARTMENT MISSION

The mission of the Department of Mathematics is to provide a comprehensive educational

experience that equips students with deep knowledge and practical skills in artificial

intelligence and data science. It aims to foster research excellence, encourage interdisciplinary
collaboration, and develop professionals who can innovatively address complex challenges in
the tech industry and beyond.

The Department of Mathematics has following missions.

e To offer high quality undergraduate and graduate programs, to train the students in
different aspects of mathematics and computing discipline and to offer other training
programs to enhance, augment, and/ or update technical skills of stake holders.

e To provide a learning environment that helps students to be successful in their professional
lives and to prepare students to be lifelong learners by offering a solid theoretical
foundation in computing along with applied computing experiences and educating them
about their professional, and ethical responsibilities.

e To have high quality faculty and staff with an appropriate know how and degrees with a
commitment to remain professionally advanced through ongoing research and professional
development programs.

e To attract and retain a diverse and multicultural population of student, faculty, and staff.
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Bachelor of Technology in Mathematics and Computing

The Bachelor of Technology (B. Tech.) program in Mathematics and Computing is a
comprehensive course that integrates the principles of mathematics and computing. This
program is designed to equip students with a strong foundation in mathematics, computing,
and computational thinking, enabling them to develop and apply analytical and problem-
solving skills in a variety of fields in science and engineering. The aim of this program is two-
fold, one to provide strong mathematical background for strong logical thinking, and other to
prepare students for strong computing skills. The mathematics part will also give them strong
foundation which enable them to be leader in the field. The program is designed in such way
that after important foundational courses, students can choose courses as per their interest in a
particular domain. The curriculum is meticulously designed to support an interdisciplinary
approach, closely aligned with industry requirements in Al and data science. This is further
reflected in the selection of electives, which are predominantly tailored to align with recent
advancements and practical use cases in Al technologies. This structure ensures that students
are well-equipped with the relevant skills and knowledge to excel in the rapidly evolving field
of Al and data engineering.

The program aims to produce graduates who are well-versed in a broad range of mathematical
and computational concepts, techniques, and tools. With the help of these skills, students can
handle complex real-world problems. It will also enhance the ability of the students looking
for solving new challenges in the society. With a focus on both theoretical and practical aspects
of mathematics and computing, this program prepares students for a wide range of careers in

industries, academia and research and development.

VISION

To establish a unique identity for the institute amongst national and international academic and
research organizations through knowledge creation, acquisition and dissemination for the
benefit of society and humanity. To be at the forefront of creation and dissemination of
knowledge and technology in the multidisciplinary fields of Mathematics towards solving the

challenges and needs of the discipline and the society.

MISSION

e To create and disseminate knowledge resource and sustainable technology through
research and innovation in emerging Technological domains.

e To nurture value-based leaders in the Engineering Mathematics and allied areas capable
of solving the challenges and needs of the discipline and the society.

e To generate high quality human and knowledge resources in our core areas of competence
and emerging areas to make valuable contribution in technology for social and economic
development of the nation. Focused efforts to be undertaken for identification, monitoring
and control of objective attributes of quality and for continuous enhancement of academic

processes, infrastructure and ambience.



e To efficaciously enhance and expand, even beyond national boundaries, its contribution to
the betterment of technical education and offer international programs of teaching,

consultancy and research.

Graduate Attributes (GAs):

1. Scholarship of Knowledge: Acquire in-depth knowledge of specific discipline or
professional area, including wider and global perspective, with an ability to discriminate,
evaluate, analyze and synthesize existing and new knowledge, and integration of the same
for enhancement of knowledge.

2. Critical Thinking: Analyze complex engineering problems critically, apply independent
judgment for synthesizing information to make intellectual and/or creative advances for
conducting research in a wider theoretical, practical and policy context.

3. Problem Solving: Think laterally and originally, conceptualize and solve engineering
problems, evaluate a wide range of potential solutions for those problems and arrive at
feasible, optimal solutions after considering cyber security and safety, cultural, societal
and environmental factors in the core areas of expertise.

4. Research Skill: Extract information pertinent to unfamiliar problems through literature
survey and experiments, apply appropriate research methodologies, techniques and tools,
design, conduct experiments, analyze and interpret data, demonstrate higher order skill and
view things in a broader perspective, contribute individually/in group(s) to the
development of scientific/technological knowledge in one or more domains of
engineering.

5. Usage of modern tools: Create, select, learn and apply appropriate techniques, resources,
and modern engineering and IT tools, including prediction and modeling, to complex
engineering activities with an understanding of the limitations.

6. Collaborative and Multidisciplinary work: Possess knowledge and understanding of
group dynamics, recognize opportunities and contribute positively to collaborative-
multidisciplinary scientific research, demonstrate a capacity for self-management and
teamwork, decision-making based on open-mindedness, objectivity and rational analysis
in order to achieve common goals and further the learning of themselves as well as others.

7. Project Management and Finance: Demonstrate knowledge and understanding of
mathematical principles and apply the same to one’s own work, as a member and leader
in a team, manage projects efficiently in respective disciplines and multidisciplinary
environments after consideration of economical, and financial factors.

8. Communication: Communicate with the scientific community, and with society at large,

regarding complex mathematical activities confidently and effectively, such as, being able
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10.

11.

to comprehend and write effective reports and design documentation by adhering to
appropriate standards, make effective presentations, and give and receive clear
instructions.

Life-long Learning: Recognize the need for, and have the preparation and ability to
engage in life-long learning independently, with a high level of enthusiasm and
commitment to improve knowledge and competence continuously.

Ethical Practices and Social Responsibility: Acquire professional and intellectual
integrity, professional code of conduct, ethics of research and scholarship, consideration
of the impact of research outcomes on professional practices and an understanding of
responsibility to contribute to the community for sustainable development of society.
Independent and Reflective Learning: Observe and examine critically the outcomes of

one’s actions and make corrective measures subsequently, and learn from mistakes without

depending on external feedback.

OBJECTIVE OF THE PROGRAM:

Prepare the young minds to understand the need of Mathematics for science and engineering

applications. The primary objective of the program is to promote a deep understanding and

proficiency in artificial intelligence and data science, particularly from an engineering

perspective. The course focuses on the engineering computations and experimentations.

DEGREE ON OFFER AND ANNUAL INTAKE:

B. Tech in Mathematics and Computing from Department of Mathematics: 30 students through
JEE (Mains).

PROGRAM EDUCATIONAL OBJECTIVES:

PEO-1

Provide understanding of the fundamentals of mathematics with computational
techniques, and program core to address challenges faced in mathematics to promote a
deep understanding and proficiency in artificial intelligence, data science in
engineering applications and other related interdisciplinary fields.

PEO-2

Strong emphasis on programming, cyber security, machine learning, data analysis,
intelligent and control systems development

PEO-3

Developing programming expertise for computing solutions by mastering science,
engineering, and mathematics skills. Implementing computing theory to real-world
issues

PEO-4

Communicate effectively with team members, engage in applying technologies and
lead teams in industry. To analyze the complex engineering problems by using the first
principles of Mathematics and computing fundamentals.

PEO-5

Developing mathematical models and devising computing solutions for problems




MAPPING OF MISSION STATEMENTS WITH PROGRAM EDUCATIONAL
OBJECTIVES MISSION STATEMENT

stlz\l/{is:li::ts PEO-1 PEO-2 PEO-3 PEO-4
MS1 N N N
MS2 N \
MS3 N N N
MS4 N N N J

MAPPING OF PROGRAM EDUCATIONAL OBJECTIVES WITH GRADUATE

ATTRIBUTES

PEO GAl | GA2 | GA3 | GA4 | GAS | GA6 | GA7 | GA8 | GA9 | GAI0

PEO-1 V V \ V v \

PEO-2 V V \ v v

PEO-3 \ V \ V v

PEO-4 \ V \ V V v \ V

PEO-5 V V \ \ v
PROGRAM OUTCOMES

At the end of the program the student will be able to:

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,
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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: Install 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

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.

MAPPING OF PROGRAM OUTCOMES WITH PROGRAM EDUCATIONAL

OBJECTIVES
PO PEO1 PEO2 PEO3 PEO4
1. 3 2
2. 2 3 2
3. 1 2 3 1
4. 3 2 2 1
S. 1 2 3
6. 2 3 2 1
7. 3 2
8. 2 2 3 1
9. 1 2 3
10. 1 1 1 3
1: Slightly ~ 2: Moderately 3: Substantially




CURRICULUM FOCUS

The curriculum emphasizes programming, strong mathematical background, machine learning,

data analysis, intelligent and control systems development. It includes courses in Mathematics,

machine learning, neural networks, deep learning, multimodal learning, data visualization, big

data analytics, and advanced statistics. Most assignments and lab sessions are designed around

practical Al and Data Engineering use cases. Both minor and major projects are geared towards

addressing real-world industry challenges using Al and Data Engineering solutions.

Curriculum Structure of B. Tech. in Mathematics and Computing

1\?(.). Code Cat. |Course Credit | L-T-P Conﬁt;ltl ll‘lsours
Semester-I
1. PHN11101 |CEF |Physics 4 2-1-2 5
2. MANI11101 |CEF |Mathematics-I 4 3-1-0 4
3. MANI11102 [CEE |Computer Programming 4 2-0-4 6
4. HSN11600 |PCE |Professional Communication 3 2-0-2 4
5. MANI11103 |CES |Discrete Mathematics 3 3-0-0 3
6. IDN11600 |PCE |Environment and Climate Change 2 2-0-0 2
7 EAN11700/ |EAA |Extra Academ@c Act@v%ty-A/ ) 0-0-4 4
EAN11702 Extra Academic Activity-B
Total 22 28
Semester-II
1. CYNI12501 |CEF |Chemistry 4 2-1-2 5
2. MANI12110 |CEF |Mathematics-II 4 3-1-0 4
3 MANI2111 CEE |Computer Organization and Architecture 4 3-1-0 4
4 CSN12601 PCE ﬁggﬁizti):aﬁ iﬁ;tiﬁcial Intelligence and 3 202 4
5. MANI12113 |[PCE |Probability and Statistics 4 3-1-0 4
6. EAN12700/ |EAA |Extra Academ@c Act@v%ty-A/ 5 0-0-4 4
EAN12702 Extra Academic Activity-B
Total 21 25
Semester-111
1. MAN13104 |CEE |Object Oriented Programming 4 3-0-2 5
2. MAN13105 |CEE |Data structures 4 3-0-2 5
3. MANI13106 |CEE |Abstract Algebra 4 3-1-0 4
4. MAN13107 |CEE |Principles of Numerical Computations 4 3-0-2 5
5. MAN13108 |CEE |Real Analysis 4 3-1-0 4
6. EAN13702 Extra Academic Activity-B 2 0-0-4 4
Total 22 27




Semester-1V

1. MAN14102 |CEE |Statistical Inference and Regression Analysis 4 3-1-0 4
2. MAN14103 |CEE |Database Management System 4 3-0-2 5
3. MAN14104 |CEE |Design and Analysis of Algorithm 4 3-0-2 5
4. MAN14105 |CEE |Differential Equations 4 3-1-0 4
5. MAN14106 |CEE |Operation Research 4 3-1-0 4
6. EAN14702 |EAA |Extra Academic Activity-B 2 0-0-4 4
Total 22 26
Semester-V
l. MANI15101 [CES |Cryptography 4 3-1-0 4
2. MAN15102 |CEE |Operating Systems 5 4-0-2 5
3. MAN15103 |CEE |Numerical Linear Algebra 4 3-0-2 5
4. MAN15104 |CES |Fluid Dynamics 4 3-1-0 4
5. MANI15105 |CEE |Complex Analysis 4 3-1-0 4
Total 21 26
Semester-VI
l. MAN16101 |CEE |Mathematical Modeling and Simulation 4 3-0-2 5
2. MAN16102 |CES |Cybersecurity 4 3-0-2 5
3. MAN16103 |CEE |Deep Learning 4 3-0-2 5
4. MAN16104 |CEE |Optimization 4 3-1-0 4
5. - CEE |Elective Course —1 4 -- --
6. --- CES |Elective Course —2 4 - --
Total 24 --
Semester-VII
l. MAN17101 |CEE |Quantum Computation and Information 4 3-0-2 5
2. MAN17102 |CEE |Computational Methods for ODE and PDE 4 3-0-2 5
3. -- CEE |Elective Course —3 4 -- --
4. -- CES |Elective Course —4 4 -- --
5. MAN17601 Mini Project 4 -- --
Total 20 --
Semester-VIII
1. MAN18601 Industrial Training/ Major Project 16 0-0-16 --
Total 16 --

Total Credits: 168




List of Electives for 6" and 7™ Semester of B. Tech. (Mathematics and Computing)

Elective Courses: 1 and 2

S No Course code Course Name Credit | L-T-P \Contact
hours
l. MANI16301 | Data Mining 4 3-0-2 5
2. MAN16302 | Image Processing 4 3-0-2 5
3. MAN16303 | Advanced Data Structures 4 3-0-2 5
4., MAN16304 | Computer Graphics 4 3-1-0 4
3. MAN16305 | Coding Theory 4 3-1-0 4
6. MAN16306 | Automata Theory 4 3-1-0 4
7. MAN16307 | Network Security 4 3-0-2 5
8. MAN16308 | Number Theory 4 3-1-0 4
9. MANI16309 | Commutative Algebra 4 3-1-0 4
10. MAN16310 | Fuzzy Logic and Applications 4 3-1-0 4
11. MANI16311 | Graph Theory 4 3-1-0 4
12. MAN16312 | Tensor Analysis 4 3-1-0 4
13. MANI16313 | Dynamics and Statics 4 3-1-0 4
14. MANI16314 | Analytical Geometry 4 3-1-0 4
15. MANI16315 | Wavelet Analysis 4 3-1-0 4
16. MAN16316 | Time Series Analysis 4 3-1-0 4
17. MAN16317 | Stochastic Processes 4 3-1-0 4
18. MAN16318 | Multivariate Analysis 4 3-1-0 4
Elective Courses: 3 and 4
S.No. | Course code Course Name Credit | L-T-P | Contact
hours

1 | MANI7301 | Algebraic Number Theory 3-1-0 4

2 | MAN17302 | Functional Analysis 4 3-1-0 4

3 MAN17303 | Analytical Dynamics and Generalized 4 3-1-0 4

Coordinates

4 | MAN17304 | Advanced Algebra 4 3-1-0 4

5 | MAN17305 | Computational Algebraic Geometry 4 3-1-0 4

6 | MAN17306 | Differential Geometry 4 3-1-0 4

7 MAN17307 | Magnetogasdynamics and Hyperbolic 4 3-1-0 4

Systems

8 | MAN17308 | Topology 4 3-1-0 4

9 | MAN17309 | Representation Theory 4 3-1-0 4

10 | MAN17310 | Financial Mathematics 4 3-1-0 4

11 | MAN17311 | Computer Networks 4 3-0-2 5

12 | MAN17312 | Advance Cryptography 4 3-1-0 4

13 | MAN17313 | Cloud Computing 4 3-1-0 4

14 | MAN17314 | High Performance Computing 4 3-1-0 4

15 | MAN17315 | Blockchain Technology 4 3-1-0 4

16 | MAN17316 | Econometrics 4 3-1-0 4
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17 | MAN17317 | Bayesian Analysis and Computing 4 3-1-0 4
18 | MAN17318 | Statistical Computation and Simulation 4 3-1-0 4
19 | MAN17319 | Actuarial Mathematics 4 3-1-0 4
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Semester-I|

Course Code: Credits:

PHN11101 2-1-2: 4

Pre-Requisites: Basic Knowledge of Physics

(6{0) Statement
The course provides basics of electromagnetism and electrodynamics which are
CcO1 required for Electrical Engineering, Electronics & Communication Engineering,
Computer Science & Engineering professionals for development of advance
technology.

Development of basic understanding of quantum mechanics to address the
engineering-based problems at molecular level, required for Electrical Engineering,
Electronics & Communication Engineering, Computer Science & Engineering
professionals for the development of advance technologies such as quantum
computation and quantum devices.

CO2

The solid state and semiconductor devices are fundamental units of every electronic
CO3 equipment. The course provides basic understanding of solid state physics to discover
efficient electronic devices. It also helps in the development of new materials.

Syllabus

Module Content Lectures
1. Electrodynamics: Gradient, divergence and curl operations, Spherical

and Cylindrical Coordinates. Gauss divergence theorem and Stoke’s

theorem. Poisson’s and Laplace equation, Working of Helmholtz

galvanometer. Magnetic vector potential, Displacement current, 10

Maxwell’s equations (Integral and differential forms) in free space,

Propagation of electromagnetic waves in free space.

2. Quantum Mechanics: Wave particle duality, Wave packets, Phase and

group velocity, Heisenberg’s uncertainty principle and its application,

Wave function and its physical interpretation, Probabilities and 10

Normalization, Time independent and dependent Schrodinger wave

equation and its simple applications.

3. Solid State Physics: Crystal structure, Space lattice, Unit cell, Miller

indices, Interplaner spacing, X-ray diffraction and Bragg’s law, 5

Diamagnetism, Paramagnetism and Ferromagnetism, Hysteresis curve,

Curie-Weiss Law.

Practical: List of Experiments

To measure height of a building using Sextant.

To measure co-efficient of thermal conductivity of rubber by Lee’s disc method.

To study variation of magnetic field along the axis of a current carrying coil.

Magnetic field distribution due to Helmholtz coil setup.

To determine resistivity by four probe method.

To study variation of magnetic field along axis of Helmboltz coil.

To measure surface tension using the “break-away” method.

To determine specific heat of copper, lead and glass.
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Text/Reference Books

1. D.J. Griffths, Introduction to Electrodynamics, Prentice Hall of India.
S. Gasiorowiez, Quantum Physics, John Wiley & Sons.

R. Eisberg and R. Resnik, Quantum Physics, John Wiley & Sons.

A. Beiser, Concepts of Modern Physics, Tata McGraw-Hill.

Charles Kittel, Introduction to Solid State Physics, Wiley India Edition.

SN Sl S A

Course Code: Credits:

MAN11101 MERTERTETES 3-1-0: 4

Pre-Requisites: Basic Knowledge of Mathematics

Course Objective: This course is one of the basic courses of mathematics for all branches of
engineering students. The emphasis is on the fundamentals and theoretical concepts of
mathematics which are needed to understand and solve engineering and scientific problems.
Objective of this course is to make students proficient on the following contents of the syllabus
so that they can use these concepts to understand and to solve engineering problem.

Course Outcomes:

CO Statement

The course provides a basic understanding of the limit, continuity, and
COo1 differentiability of the function of single and several variables, which are fundamental
for solving many engineering problems.

Development of basic understating of partial derivatives, change of variables,
CO?2 Jacobins, maxima-minima of function of several variables to address some
engineering-based problems.

This unit provides sufficient knowledge to apply double and triple integrals in
COo3 calculating arc length, surface area, volume, the moment of inertia, and the center of
gravity of surfaces to solve complex engineering problems.

Make students familiar with the basic knowledge of beta, gamma, and error functions,

co4 which frequently appear in engineering problems.

Students will learn basic concepts like gradient, directional derivative, divergence,
CO5 curl, etc. They will also learn to calculate line, surface, and volume integrals and apply
conversion techniques between them.

Solution methods of the ordinary differential equation are fundamental concepts for
engineers’ problems. This unit will help the students to have a clear understanding of

COo6 differential equations. Also, students will be able to learn solution techniques for
several kinds of first and higher-order ordinary differential equations.
Syllabus:
Module Content Lectures

1. Continuity and Differentiability: Limit and Continuity (g-6 definition of one 5
variable, Rolle’s Theorem, Mean Value Theorems, Limit and Continuity (&-0
definition for several variables) and Differentiability for several variables.

2. Partial Derivatives and Taylors Theorem: Partial Derivatives, Euler’s 5
theorem, Implicit function, Change of variables, Jacobian, Taylor’s theorem
for functions of several variables, Extrema of functions of several variables,
Lagrange method of undetermined multipliers.




3. Integral Calculus: Multiple Integrals (Double & Triple Integral), Change of 7
order of integration, Area of bounded region, Arc length of Curve, Volume
and Surface area of solid of revolution, Multiple integral by change of
variables, Dirichlet integrals, Moment of Inertia, Center of gravity.

4. Beta and Gamma Functions: Improper Integrals, Convergence of improper 5
integral, Beta function, Gamma function, Improper integrals involving
parameter.

5. | Vector Calculus: Gradient, Directional derivatives, Divergence and curl, 8

Line integral, Green’s theorem, Surface and volume integrals, Gauss
Theorem, Stoke’s theorems and their Applications

6. Ordinary Differential Equation: Existence and uniqueness of solutions of 10
first order ODE, Exact differential equation, Solution of linear differential
equation, Higher order linear differential equation, Solutions of homogeneous
and non- homogeneous ODE (CF+PI), Variation of parameters, Method of
undetermined coefficients.

Text/Reference Books:

R.K. Jain and S.R. K lyengar, Advanced Engineering Mathematics, Narosa Pub. House
Erwin Rreyszig. Advanced Engineering Mathematics, John Wiley & Sons INC.

B.S. Grewal, Higher Engineering Mathematics, Khanna Publishers

Thomas, G. B., Hass, J., Heil, C. and Weir M. D., “Thomas’ Calculus”, 14th Ed., Pearson
Education, 2018

o

Course Code: . Credits:
Computer Programming

MAN11102 2-0-4:4

Prerequisites: NIL

Course Objectives

Students undergoing this course are expected to:

1 To explore the basic understanding of how a computer works in general.

2 To explore how to solve a computational problem using a computer via writing a
program in C programming language.

3 To explore the basic concept of logic thinking, and how to represent a logic using
Algorithm and Flowchart.

4 To explore the basic syntax, such as variables, operators, conditionals and loops of C

programming language.

To explore arrays, pointers, strings and functions in C.

To explore how to create user-defined data types using structure and unions.
To explore how to operate on files in C.

To explore the underlying workings of various macros, and how macro-processor
processes the macros.
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Course Outcomes

CO

Course Outcomes (Action verb should be in italics)

CO1

To understand the basics of working of a computer.

CO2

To obtain the basic knowledge about how to think logic given a computational

problem, represent that via Algorithms and Flowchart, and implement the logic in C.

CO3

To have an understanding of concepts of C syntax and semantics

CO4

To understand and apply the concept of Pointers and Functions

CO5

Understand how to operate on files.

Syllabus:

Module

Content

Lectures

1.

Working of a computer: Data representation in various bases, Binary
System, Floating-point representation, basic components of computer
architecture, operating system, and how they work together, A brief
history of programming languages up to C, Stages of a compilation
process, An overview of logic thinking — Algorithm, Flowchart.

05

Basic Syntax of C: Structure of a C Program, Printing on a screen, escape
sequences, variables, operators, writing arithmetic and logic expressions,
printing variables, format specifiers, reading from a console. Conditional
statements — if, else, else if statements. Writing conditions. Nested
conditional statements. Loops — for, while, do-while loops and their
various formats, infinite loops, break, continue. Nested loops and
conditional statements. Switch — switch-case statements and their use.
Thinking and implementation of logics involving conditional, loops,
switch-case. Patterns.

05

Functions: Syntax of C functions, parameters, arguments, return
statements. Array - Single- dimensional, multi-dimensional arrays,
accessing and updating array elements. Pointers — Memory address of a
variable and concept of pointers. Single-dimensional and multi-
dimensional pointers. Arrays as pointers. Dynamic Memory Management
— malloc, calloc, realloc, free. Concept of heap and stack segments.
Passing and returning arrays and pointers to and from a function. Call by
value, call by reference. Strings — Reading and Writing strings.
Allocating strings dynamically. String functions.

05

Structures and Unions: User-created data types, Structure, Union,
accessing and updating their members, pointers to structure and union.
Storage class specifiers — auto, extern, static, register. Macros —
#include, #define, #ifdef, #ifndef, #endif. Files — Opening a file, opening
modes, reading from a file, writing to a file: fopen, fread, fwrite, fprintf,
fscanf, fseek, fclose.

05

Text / Reference Books
1. Yashavant Kanetkar, “Let us C”, 17th edition, BPB Publications.

o ok wo

R.J. Dromey, “How to solve it by Computer”, Pearson India.

Herbert Schield, “Complete Reference in C”, 4th edition, TMH.
Yashavant Kanetkar, “Understanding Pointers in C”, 3rd Edition, BPB Publication.
K. N King, C Programming: A Modern Approach, Second Edition.
Brian W. Kernighan, Dennis M. Ritchie, “The C Programming Language”, 2nd edition,

Prentice Hall.




Course Code: Credits:

HSN11600 Professional Communication 9-0-2-3

Prerequisites: NIL
COURSE OBJECTIVE:

The objective of this course is to develop essential language skills required for independent and
effective communication for academic and social needs in under-graduate engineering students.

COURSE OUTCOMES

S.N. Outcomes

CO1 | Understand the process and aspects of professional/technical communication in an
international context.

CO2 | Develop a comprehensive understanding of the extensive vocabulary and usage in
formal English language.

CO3 | Develop the competency for oral communication in everyday formal situations.

CO4 | Use the skills and sub-skills of reading and listening.

CO5 | Understand and practice the principles and conventions related to formal writing.

Syllabus:
Module Content Lectures
1. Introduction to Technical Communication: Introduction- Definition of 6

Communication, LSRW Skills, Good and Effective Communication,
Process of Communication, Purpose of Professional/Technical
Communication, Different Forms of Communication-Verbal and Non-
verbal Communication, Organizational Communication and Barriers.

2. Oral Communication: Common Everyday Situations- Conversations and 6
Dialogues, Communication at Work Place, Professional Presentations-
Key Principles in Making Effective Professional Presentations,
Structuring a Professional Presentation, Common tools/aids in
Presentation.

3. Interviews and Group Discussion: Interviews: Types, preparation and 6
strategies, positive grooming, frequently asked questions, verbal and non-
verbal aspects. Group Discussion: Introduction, types, techniques, Dos
and Don’ts in a GD.

4. Writing Skills-1: Basic Writing Skills- Effective Sentences: Role of 8
Acceptability, Appropriateness, Brevity & amp; Clarity in Writing,
Cohesion &amp; Coherence in Writing; Words and Style used for Formal
and Informal Communication; Converting Informal Language to Formal.
5. Writing Skills -11: Writing for Electronic Media-Letters, E-mails, Blogs, 10
Cover letter, Resume Writing, Nuances of Technical Writing, Technical
Reports, Plagiarism- how to avoid plagiarism.




Lab Component

List of Exercises:

Exercise 1: Grammar and Vocabulary

Words Similar in Pronunciation- Homonyms and Homophones, Idioms, One Word Substitution,
Foreign Expressions; Articles, Prepositions, Subject- Verb Agreement; Sentence Structure,
Sentence types, Importance of Proper Punctuation.

Activity: Various activities based on grammar and vocabulary.

Exercise 2: Phonetics

Introduction to phonetics with the help of IPA/RP (Received Pronunciation). Neutralization of
mother tongue influence and conversation practice.

Activity: Speaking /Vocabulary Drill: With special focus on intonation & common errors in
pronunciation.

Exercise 3: Listening/ Reading Comprehension

Passage Comprehension- Skimming, Scanning Techniques, Note Making, Note Taking and
Summarizing; Analytical and Critical Reading Practice, SQ3R Reading Method. Listening for
Gist, Listening for Specific Information, listening to understand the attitude etc.
Activity: Listening/ Reading Comprehension Exercises.

Exercise 4: Extempore/ Public Speaking

The art of public speaking, techniques, strategies and methods.

Activity: Delivering short prepared/impromptu speeches.

Exercise 5: Group Discussion

Analysis of sample GDs.

Activity: Topic based/ Case based GDs based on current topics.

Exercise 6: Presentation Skills

Analysis of Sample Presentations.

Activity: Preparing a professional presentation on a topic and delivering it before the audience.
Exercise 7: Interviews

Analysis of Sample Interviews

Activity: Preparing resume, cover letter, mock interviews.

Suggested Readings:

1. Hancock, M. (2009). English Pronunciation in Use. Cambridge: Cambridge University Press.

2. Garner, Bryan A. (2013). HBR Guide to Better Business Writing, Boston: Harvard Business
Review Press

3. Rizvi, M.A. (2005). Effective Technical Communication, Tata McGraw-Hill, New Delhi.

4. Raman, M and Sangeetha Sharma. (2015). Technical Communication: Principles and
Practice, OUP.

5. Sharma, S and Binod Mishra. (2009). Communication Skills for Engineers and Scientists (6™

Ed.), Prentice Hall.

Wood, F.T. (2007). Remedial English Grammar, Macmillan.

Swan, M. (1995). Practical English Usage. Oxford: OUP.

Mohanraj, J. (2015). Let Us Hear Them Speak. New Delhi: Sage Texts.

Jones, D. (2012) English Pronunciation Dictionary (18"ed). New Delhi: Cambridge Univ.

Press.

10. Bansal, R.K and J.B Harrison. (2013). Spoken English: A Manual of Speech and Phonetics.
New Delhi: Orient Blackswan

11. Seely, J (2005). The Oxford Guide to Effective Writing and Speaking. OUP.
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Course Code:

MAN11103

Discrete Mathematics

Credits:
3-0-0:3

Prerequisites: Basic of Mathematics

Course Objective:
This course is aimed at Computer Science majors who have never taken any type of
mathematical theory courses before, though it is also a useful course for developing general
reasoning and problem-solving skills. For those that continue studying Computer Science, this
course serves as excellent preparation for the required course. However, all students taking this
course should benefit by improving their reasoning and abstract thinking skills, learning how to
construct sound, logical arguments, and learning to detect flaws in unsound arguments.

Course Outcomes:

Students undergoing this course are expected to:
CO-1 [To learn the expression of mathematical properties formally via the formal language of
propositional logic, predicate logic and various proofing methods.
Understand set operations, various types of relations and their representations, solving
CO-2  Jrecurrence relations and also be able to verify simple mathematical properties that these
objects possess.
CO-3 |Understand various types of graphs, paths, spanning trees, planarity of graphs and
coloring theorems. Graph Theory application in real world scenario
CO-4  |Comprehend the discrete structures of lattices.
Recognize Algebraic structures; Groups, Subgroups, Rings, Fields with extension to
CO-5 [concepts of vector spaces, dimensions, linear transformations. Applications of algebraic
structure in Cryptographic algorithms, Network management, and various algorithms.
Syllabus:

Module Content Lectures
1. Formal logic: Simple and compound statement. logical operators. 07
Implication and double implication, Tautologies and contradictions. Valid
arguments and fallacy. Propositional functions and quantifiers. Notion of

proofs.

2. Lattice and Boolean Algebra: Ordered Sets and Lattices: Partial order 07
relations and Hasse diagram, Supremum and infimum, total ordering, lattices
— bounded, distributive, complemented, modular.

3. Graph Theory: Graphs and their basic properties — degree, path, cycle, 10
subgraph, isomorphism, Eulerian and Hamiltonian walk, Matrix
representation of Graphs and properties, Planar Graphs, Homeomorphism,
Kuratowski’s theorem, Spanning trees, shortest spanning tree.

4. Counting Techniques: Permutations and Combinations, Binomial 06
coefficients, Pigeonhole principle, Double counting, Principle of Inclusion-
Exclusion, Recurrence relations and its solution, Divide and Conquer,
Generating functions.

Text/ Reference Books

1. K. Rosen: Discrete Mathematics and Its Applications Seventh Edition 7th Edition by
Kenneth Rosen, McGraw Hill.
2. C Liu: Element of Discrete Mathematics, 4™ Edition, McGraw Hill




3. J.P Trembley, & R. Manohar: Discrete Mathematical Structure with Application to
Computer Science.

4. Schaum’s DM: Lipschutz S. Schaum's Outlines of Theory and Problems of Discrete
Mathematics., 2016. Schaum’s Abstract Algebra: Jaisingh LR, Ayres F. Schaum's Outline
of Abstract Algebra. McGraw

5. Levin, Oscar. "Discrete mathematics: An open introduction.” (2021).

course Code: Environment and Climate Change Credits:

IDN11600 2-0-0:2

Prerequisites: Nil

Course Objective: This course enables the students to become conversant with the structural
and functional attributes of ecosystem and environment. Moreover, the students will understand
the impact of climate change and pollution on its resources including biodiversity.

Course Outcome:

S.N. Outcomes

COl1 | Understand the principles of environmental science, ecology, biodiversity, and
sustainable biological processes

CO2 | Analyze sources and impacts of environmental pollution and apply mitigation strategies

CcOo2 Evaluate solid waste management techniques and their relevance to sustainable
development goals (SDGs)

CO4 | Assess major global environmental issues and technological interventions

Syllabus:
Module | Content Lectures
1. Introduction to environmental science. Ecology, biodiversity and 07

conservation. Biomagnification and Biotransformation. Bioremediation
and phytoremediation. Biosorption and bioaccumulation. Biological
wastewater treatment. Bioenergy. Need for public awareness.

2. Environmental pollution: sources, causes and effects. Environmental 07
monitoring (EMP) and EIA. Control/ mitigation measure for water, soil
and air pollution. Solid waste management. Sustainable development
goals (SDG). Environmental laws/ Acts.

3. Current environmental issues of major concerns - acid rain, ozone layer 06
depletion, global warming and climate change. Carbon ecology footprint
and reduction. Case studies highlighting the impacts on society.
Technological intervention.

Text/ Reference Books:

1. A Basic Course in Environmental Studies. Deswal &amp; Deswal. Pub. Dhanpat Rai
&amp; Sons. 2013

Environmental Studies. E. Bharucha. Pub. University Press. 2018

Environmental Engineering. Peavy et.al. Pub. McGraw Hill. 2013

4. A Text Book of Environmental Engg. Venugpal Rao. Pub. PHI learning. 2012

wmn



Semester-11

Course Code: Chenmistry Credits:

CYN12501

2-1-2:4

Prerequisites: Pre-understanding of the subject.

Course Outcomes:

CoO

Course Outcomes

COo1

Students can acquire elaborate understanding of different fundamental concepts of
chemistry such as quantum chemistry, bonding models of atoms, solid state chemistry,
electrochemistry, polymer chemistry and they can apply them to develop advanced
technologies and electronic devices.

CcO2

Develop the ability to analyse & interpret data related to electrochemical
cells/electrochemistry and polymer chemistry

COs3

Understand and develop the capability to apply the knowledge according to the need of
the industry

Syllabus:

Module

Content Lectures

1.

Basic Principles of Quantum Chemistry and Application to Simple 06
Systems: Historic background; Wave particle duality; Uncertainty principle;
Postulates of Quantum Mechanics; Time-dependent and Time-independent
Schrodinger equations; Eigen value problem; Free particle, Particle in an infinite
and finite well; Harmonic oscillator; Tunneling; Qualitative treatment on H-atom
and H-like atom.

Bonding Models in Chemistry: Valence Bond Theory and Molecular Orbital 06
Theory Band Theory: Semiconductors, insulators, doping in semiconducting
materials Symmetry; Point Groups; Group Theory and Character Tables -their
applications in spectroscopic software.

Solid State Chemistry: Basic Concepts; Crystal lattice; Unit cell; Crystal 06
systems; Closed packed structures; Crystalline solids; Radius ratio rule; Miller
indices and plane, d-spacing, Crystal defects: Schottky and Frenkel defects,
Color centres, non-stoichiometry. Determination of simple, spinel and perovskite
structures.

Electrochemistry: Strong and weak electrolytes, conductivity, molar 06
conductivity, drift velocity, ionic mobility; Nernst Equation; Redox reactions;
Balancing of Equations; Electrochemical cells and EMF; Applications of EMF,
Concentration Cells; Rechargeable battery; Solar cells; Fuel cells; Dye-
sensitized solar cells.

Polymer Chemistry: Classification of Polymers, Characterization, Molecular 06
weight measurement. Properties- Size, Conformation, Structure-property
relationship. Biodegradable polymers, Industrial applications




Practical: List of Experiments
Part A:

1. To determine the percentage of available chlorine in the supplied sample
of bleaching powder.

2. To determine the total, permanent hardness, Ca®* and Mg?* hardness in
supplied water sample by titrating with standard EDTA solution.

3. To determine the alkalinity of the supplied water sample.

4. To determine the strength of supplied K>Cr,O7 solution using Ferrous
Ammonium Sulphate solution as intermediate and Potassium
Ferricyanide solution as an external indicator

5. Preparation of Methyl Orange using a diazonium coupling reaction.

Part B:

6. Verification of Kohlrausch's 1% law for strong electrolytes using
conductometric measurement.

7. Verification of Ostwald's dilution law for weak electrolytes using
conductometric measurement.

8. Determination of the strength of a strong acid by strong base using
conductometric titration.

9. Preparation of Daniell Cell and its related study.

10. Determination of viscosity average molecular weight of a polymer
sample by Ostwald Viscometer.

Part C:

11. Synthesis of TiO2 nanoparticle via sol-gel method and determining the
phase with X-Ray Diffraction experiment.

Text/ Reference Books:

1. Engineering Chemistry, Jain & Jain, 2013, Dhanpat Rai Publishing Co., New Delhi.
Engineering Chemistry, Shashi Chawla, 2017, Dhanpat Rai Publishing Co., New Delhi.
3. Engineering Chemistry- A Textbook, Harish Kumar Chopra, Anupama Parmar, 2007,
Narosa Publishing House Pvt. Ltd., New Delhi.
4. Elements of Physical Chemistry, Peter Atkins, Julio D. Paula, 2006, Oxford,
UK.

5. Introduction to Organic Electronic and Optoelectronic Materials and Devices,
Sam-Shajing Sun, Larrg R. Dalton, 2016, CRC Press.

6. Polymer Science, V R Gowariker, N V Viswanathan, Jayadev Sreedhar, 2005,

New Age International Private Limited, New Delhi.

7. Inorganic Chemistry: Principles of Structure and Reactivity, By James E.
Huheey, Ellen A. Keiter, Richard L. Keiter, Okhil K. Medhi, 2006, Pearson
Education India.

8. Chemical Applications of Group Theory, F. Albert Cotton, Wiley, 2017, New
Jersey, USA.

9. Quantum Chemistry, Ira N. Levine, 2014,Pearson.

10. Solid State Chemistry and its Applications, A. R. West, 2022, John Wiley
&amp; Sons, Inc., New Jersey, USA.

11. Online Resources.

N




Course Code: Credits:

Mathematics-11

MAN12110 3-1-0:4

Prerequisites: Basic of Mathematics

Course Objective: This course is one of the basic courses of mathematics and computing

students. The emphasis is on the fundamentals and theoretical concepts of mathematics which are

needed to understand and solve engineering and scientific problems.

Course Outcomes:

0]

Statement

CO1

The course provides a basic understanding of Laplace transformation to address the
engineering problems. Students will able to apply Laplace transform to evaluate
definite integral and to solve the initial value problem.

CO2

This unit provides fundamental knowledge about the Fourier series and Fourier
transforms, which are fundamental concepts for solving boundary value problems and
to study signal processing problem.

CO3

The course provides a basic understanding and solution methods for the
linear/nonlinear partial differential equations which arises in the modeling of
engineering/physical problems. The student will be able to solve the PDE’s of second
order which arises in the modeling of many engineering/physical problems.

CO4

This unit is designed to make students familiar with the basic concepts of Group,
Ring, Field, linear algebra such as vector spaces, basis, dimension, etc.

CO5

Students will learn basic concept of linear transformation, eigenvalues, eigenvector,
quadratic form, and diagonalization, which are fundamental concepts in many
engineering problems.

Syllabus:

Module

Content Lectures

1.

Linear Algebra: Field, Vector spaces, Subspaces, Basis and dimension, 7
Direct sum of subspaces, Dimension theorem.

Eigenvalues and Eigenvectors: Linear Transformation, Rank — Nullity 8
Theorem, Computation of Rank and nullity of LT, Eigenvalues and
Eigenvectors, Cayley-Hamilton theorem, Application of Eigenvalues and
Eigenvectors: Norms and inner products, Quadratic form,
Diagonalization, Canonical forms.

Partial Differential Equation: First order PDE, Formation of PDE, 9
Classification of solution: Complete, General and Particular solution,
Lagrange’s linear PDE, Non-Linear First Order PDE, Charpit’s
method. Higher Order Homogeneous linear PDE with constant
coefficients, Non-homogeneous PDE with constant coefficients.

Laplace Transform: Laplace transformation and its properties, Unit — 8
step, Impulse and Periodic functions, Error Function. Inverse Laplace
Transform, Convolution Theorem, Evaluation of Integral by Laplace
Transform, Application of Laplace transform: Evaluation of Integral and
solution of initial value problem.




5. Fourier Series & Fourier Transform: Fourier series, Convergence of 8
Fourier Series, Half range series. Fourier Integral, Fourier sine and
Cosine Integral, Complex form of Fourier Integral. Fourier Transform,
Fourier Sine and Cosine Transform, Finite sine and cosine transform,
Convolution theorem. Application to PDEs.

Text:
1. Erwin Kreyszig, Advanced Engineering Mathematics, 10" Edition, 2015, John Wiley &
Sons.
2. R.K. Jain & S.R.K. lyenger, Advanced Engineering Mathematics, 5"edition, 2016, Narosa
Pub.

3. B.S. Grewal, Higher Engineering Mathematics, 44nd edition, 2018, Khanna Publishers.
4, Hoffman, K. and Kunze, R. : Linear Algebra, Prentice-Hall

5. Greub, W. : Linear Algebra, Springer-Verlag, GTM 97, (4-th edition).

Course Code: Credits:
MAN12111 3-1-0:4

Computer Organization and Architecture

Prerequisites: Nil
Course Objectives: Students undergoing this course are expected to:

1. This course will discuss the basic concepts of computer architecture and organization that can
help the participants to have a clear view as to how a computer system works. Examples and
illustrations will be mostly based on a popular Reduced Instruction Set Computer (RISC)
platform.

2. This course qualitatively and quantitatively examines computer design trade-offs and teaches

the fundamentals of computer architecture and organization, including CPU, memory,

registers, arithmetic unit, control unit, and input/output components.

Understand the fundamentals of computer architecture.

4. Design and implement single-cycle and pipelined data paths for a given instruction set
architecture.

5. Understand the performance trade-offs involved in designing the memory subsystem,
including cache, main memory and virtual memory.

w

Course Outcomes

CO Course Outcomes

Co1 Study of the basic structure and operation of a digital Computer system.

C02 Analysis of the design of arithmetic & logic unit and understanding of the fixed point
and floating-point arithmetic operations.

C03 Implementation of control unit techniques and the concept of Pipelining

CO4 Understanding the hierarchical memory system, cache memories and virtual memory

CO5 Understanding the different ways of communicating with 1/0 devices and standard 1/0
interfaces




Syllabus:

Module Content Lectures

1. Introduction:  Functional units of digital system and their 8

interconnections, buses, bus architecture, types of buses and bus
arbitration. Register, bus and memory transfer. Processor organization,
general registers organization, stack organization and addressing modes.

2. Arithmetic and logic unit: Look ahead carries adders. Multiplication: 8

Signed operand multiplication, Booths algorithm and array multiplier.
Division and logic operations. Floating point arithmetic operation,
Arithmetic & logic unit design. IEEE Standard for Floating Point
Numbers.

3. Control Unit: Instruction types, formats, instruction cycles and sub cycles 8

(fetch and execute etc), micro-operations, execution of a complete
instruction. Program Control, Reduced Instruction Set Computer,
Pipelining. Hardwire and micro programmed control: micro programme
sequencing, concept of horizontal and vertical microprogramming.

4. Memory: Basic concept and hierarchy, semiconductor RAM memories, 8

2D & 2 % D memory organizations. ROM memories. Cache memories:
concept and design issues & performance, address mapping and
replacement Auxiliary memories: magnetic disk, magnetic tape and
optical disks Virtual memory: concept implementation.

5. Input / Output: Peripheral devices, /O interface, 1/0 ports, Interrupts: 8

interrupt hardware, types of interrupts and exceptions. Modes of Data
Transfer: Programmed 1/0, interrupt initiated 10 and Direct Memory
Access., I/0 channels and processors. Serial Communication: Synchronous
& asynchronous communication, standard communication interfaces.

Text/ Reference Books

1
2.

3.

Computer System Architecture - M. Mano

Carl Hamacher, Zvonko Vranesic, Safwat Zaky Computer Organization, McGraw-Hill
Fifth Edition, Reprint 2012

John P. Hayes, Computer Architecture and Organization, Tata McGraw Hill, Third
Edition, 1998, Reference books

William  Stallings, Computer Organization and Architecture-Designing for
Performance, Pearson Education, Seventh edition, 2006.

Behrooz Parahami, “Computer Architecture”, Oxford University Press, Eighth Impression,
2011.

Fundamentals of Microprocessors & Microcontrollers by B. Ramdhanpat Rai Publications,
New Delhi

David A. Patterson and John L. Hennessy, “Computer Architecture-A Quantitative
Approach”, Elsevier, a division of teed India Private Limited, Fifth edition, 20121

Swati Saxena, Computer Organization, Dhanpat Rai Publications, NEW DELHI




Course Code: Introduction to Artificial Intelligence and Machine Credits:

CSN12601 Learning 2-0-2:3

Pre-requisites: Nil
Course Objective:

The objective of this course is to provide deep understanding of Al and machine learning
concepts and practical skills in building machine learning models. By the end of this course,
participants will have the knowledge and hands-on experience required to apply machine
learning techniques to solve real-world problems and make data-driven decisions.

Course Outcome:

S.N. Outcomes

CO1 | Understand fundamental programming concepts and develop basic programs using
control structures and functions.

CO2 | Perform data operations including importing, exporting, traversing, searching, and
manipulating arrays and strings.

CO3 | Explain the foundations and approaches of artificial intelligence and its societal
applications.

CO4 | Describe core machine learning concepts, differentiate learning types, and implement
basic ML algorithms like Linear Regression, Naive Bayes, and K-Means.

Syllabus:
Module Content Lectures
1. Fundamentals of Programming: Basics of Programming Languages, 06

Algorithms, Data types, Expressions and Operators, Control Statements,
Iterations, and Functions

2. Programming Constructs: Data Import and Export, Operations on Data: 06
Traversing, Searching, and Arranging the data, String Operations,
Mathematical operations on arrays.

3. Introduction to Artificial Intelligence: Evolution of Al, Various 07
Approaches to Al, Intelligence and Machines, Intelligent Agents, Solving
Problems by Searching, Considering the uses of Al for Society.

4. Introduction to Machine Learning: What and Why? Types of Machine 07
Learning: Supervised, Unsupervised and Reinforcement learning, Under-
fitting vs Over- fitting Problem, Training, Testing and Validation Process,
Applications of Machine Learning, Linear Regression, Naive Bayes
Classifier, KMeans.

Text/ Reference Books:

1. Russell, Stuart, and Peter Norvig. "Artificial intelligence: a modern approach.”(2002).

2. Mueller, John Paul, and Luca Massaron. Artificial intelligence for dummies. John Wiley &
Sons, 2021.

3. Alpaydin, Ethem. Introduction to machine learning. MIT Press, 2020. Michalski, Ryszard
Stanislaw

4. Jaime Guillermo Carbonell, and Tom M. Mitchell, eds. Machine learning: An artificial
intelligence approach. Springer Science & Business Media, 2013



ComED et Probability and Statistics ChelTE

MAN12113

3-1-0:4

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 Binomial, 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.

Course Outcome:

Co

Outcomes

Co1

Understand and apply the basic rules of probability (addition, multiplication, conditional
probability).Solve problems involving independent and dependent events.

Use counting techniques (permutations and combinations).Use properties of discrete and
continuous random variables.

CcO2

Identify and apply the properties of probability density functions and probability mass
functions, graphical representation, change of variables, transformation of various
probability density functions. and compute moments, expectations, and variances and
moment generating function for distributions.

CO3

Familiarity of Expectation, Measures of Central Tendency- Mean, Median, Mode,
Geometric and Harmonic Mean and there sample versions.

CO4

Analyse, Marginal and conditional distributions, moments, independence of random
variables, Variance and Covariance for joint distributions, correlation coefficient and
apply to real-world problems.

CO5

Computation of Expectation for functions of random variables, applying the weak law of
large numbers and central limit theorem to real-world problems.

CO6

Identify and work with common probability distributions (binomial, Poisson, normal,
etc.).

Syllabus:

Module

Content Lectures

1.

Probability: - Sample Spaces, Events, Frequency distribution, The Axiom of 7
Probability, Axiomatic definition, properties, some important theorems on
probability, conditional probability, Bayes' rule and independence of events.

Random variables, Discrete and Continuous random variables. Cumulative 7
distribution function, probability mass and density functions, Cumulative
Distribution  functions for discrete random variables, Cumulative
Distribution functions for Continuous random variables. Leibniz's Rule,
Graphical Interpretations. Joint distributions, Independent of random
variables, change of variables.

Mathematical —Expectation, moments, moment generating function, 6
Characteristic functions. Measures of Central Tendency- Mean, Median,
Mode, Geometric and Harmonic Mean and there sample versions, Measures
of variations- Mean Deviation, variance, Standard Deviation, standard error




and their sample versions.

4. Marginal and conditional distributions, moments, independence of random 7
variables, Variance and Covariance for joint distributions, Correlation
coefficient and its sample version, .

5. Conditional Expectations, Chebyshev's inequality. Probability Distributions 6
of functions of random variables, Weak Law of large numbers and Central
limit theorems

6. Special Probability distributions: Binomial, Poisson, Geometric, Uniform, 7
Exponential, Gamma, Normal, Sampling Distributions- Chi square, t and F
distributions, Normal and Poisson approximations to Binomial.

Texts /Reference Books:

1. Robert V. Hogg, J.W. McKean, and Allen T. Craig: Introduction to Mathematical
Statistics, Seventh Edition, Pearson Education, Asia.

2. A.M. Goon, M.K. Gupta and B. Das Gupta, Fundamentals of Statistics, World Press
Pvt. Ltd.

3. R. Murray, Probability and Statistics. Schaums Outlines Series

4. Christian Heumann, Michael Schomaker and Shalabh, Introduction to Statistics and
Data Analysis with Exercises, Solutions and Applications in R (Second edition),
Springer, 2022

5. S. C. Gupta and V. K. Kapoor, Fundamentals of Mathematical Statistics. S. Chand &
Sons.

6. Frederich Mosteller, Probability and Statistics. Addison-Wasley

Course Code:
EAN11700/
EAN11702

Extra Academic Activity-A/ Credits:

Extra Academic Activity-B 0-0-4:4

Prerequisites: Nil

The “Extra Academic Activity”, Course will include the following

Extra Academic
Activity-A Extra Academic Activity-B (Choice Based)
(Compulsory)

Professional Ethics
and Social values

Health Education & Personal Hygiene

Nutrition and Balanced Diet

Yoga & Ayush (Indian System of Medicine)

Self Defence

Training and practice in Sport and games based on one’s own interest
Training Methods in Physics Education

Foreign Languages/ Ancient/ Indian Languages etc

Traditional art and Lok Vidya such as Sculpture, Fine Art,
Performing Art, Wood and Metal work, Folk Art and Culture, etc.
NCC/NSS

Multimedia/ Mass communication/ Journalism

Literary Skills



https://link.springer.com/book/10.1007/978-3-031-11833-3
https://link.springer.com/book/10.1007/978-3-031-11833-3
https://link.springer.com/book/10.1007/978-3-031-11833-3

Semester-I111

CmED Cetks Object-Oriented Programming il

MAN13104 3-0-2: 4
Prerequisites: Basics of Programming C++/Java

Course Objective: This course provides an overview of Object-Oriented Programming
(OOP) concepts using C++/Java. It helps to understand basic OOP concepts and assist in
applying these concepts. The principles behind OOP discussed. It covers object-oriented
principles such as classes, objects, abstraction, composition, Inheritance, polymorphism, and
interfaces. Develop the ability to design and implement object-oriented solutions using
C++/Java. Analyze and apply object-oriented programming concepts to real-world problems.

Course Outcomes:

Co Outcomes
CO1 | Explain the fundamental concepts of object-oriented programming.

CO2 | Implement programs using classes and objects.

CO3 | Able to make use of the concept of function overloading, operator overloading, type
conversion.

CO4 | Able to interpret the concept of Inheritance and its various types along with the
understanding of late binding.

CO5 | Able to compare the procedures of file handling and exception handling in C++/Java.

CO6 | Able to test the concept of templates and the use of Standard Template Libraries of
C++/Java.

Syllabus:

Module Content Lectures

1. Introduction to Object-Oriented Programming: The meaning of Object 05
Orientation, features of object oriented programming, object identity,
Encapsulation, inheritance, information hiding, polymorphism, generosity.

2. Classes and Objects: Defining Classes and Creating Objects, Access 08
Specifiers and Data Hiding, Constructors and Destructors, Static
Members, Friend Functions, C++ /Java Program with class-Nesting of
member functions-private  member functions-Arrays within a class-
memory allocation for objects-Static data members-Arrays of objects-
objects as Function arguments - Friend functions, inline function,
Returning objects.

3. Concept of Overloading: Function overloading, operator overloading of 06
unary, binary, special operators; Type conversion.
4. Inheritance and Polymorphism: Introduction to inheritance, different 07

types; Single inheritance — public and private derivation, protected
member, constructor and destructor in derived class; Multilevel and
multiple inheritance; Ambiguity resolution; Hierarchical and hybrid
inheritance; Virtual base class; Object slicing; Pointer to base and derived
class; Virtual functions

5. File Handling: Streams, classes for file stream, opening a file, detecting 04
the EOF, file modes, file pointers and their functions, types of files, i/p
and o/p functions for sequential and random access, error handling




Object-Oriented Programming — Practical Syllabus

Practical's will be based on the coverage of the above topics separately. (30 Hours)

Exp. No. | Title of the Experiment

1. Write a program to implement a class with data members and member functions.
Demonstrate creation of objects and accessing members.
Write a program to implement constructors and destructors (default, parameterized,
copy).
Write a program to show usage of static data members and static member functions.
Implement friend function to access private members of two different classes.
Write a program to demonstrate function overloading.
Write a program for operator overloading (unary and binary).
Write a program to implement single and multilevel inheritance.
Write a program to implement multiple and hybrid inheritance.
Demonstrate polymorphism using virtual functions and base class pointers.
Implement file operations (read/write) using file stream classes.
Implement function template and class template.

N
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Text/Reference Books:

1. Robert Lafore, “Object-Oriented Programming in C++7, 4th Edition, Sams
Publishing, 2001.

2. E Balagurusamy, “Object-Oriented Programming in C++”, 8th Edition, McGraw-Hill
Education India, 2020.

3. Cay S. Horstmann and Gary Cornell, —Core Java Volume I & III, 10th edition,
Prentice-Hall

4. Tony Gaddis, —Starting Out with Java: From Control Structures through Objectsl,
6th

5. Barkakati Nabajyoti, Object-Oriented programming in C++, PHI, 1991.

6. Stroustroup Bjarne, The C++ Programming Language, Addison-Wesley,1991.

Course Code: Data Structures Credits:

MAN13105 3-0-2:4

Prerequisite: Nil

Course Objectives: Students undergoing this course are expected to:

1. Give Knowledge of elementary Data organization, Complexity, Revision of Programming
concepts.

Give Basic& Advanced Knowledge of Array, Stack, Queue& Linked List.

Give Basic & Advanced Knowledge of Tree.

Give Basic & Advanced Knowledge of Searching and Sorting.

Give Basic & Advanced Knowledge of Tree Graph.

Give Knowledge of elementary Data organization, Complexity, Revision of Programming
concepts.

ocoakrwn

Course Outcomes

cO Course Outcomes

CO1 Students Understood elementary  Data organization, Complexity, Revision of
Programming concepts




CO2 Students Understood Basic &Advanced Knowledge of Array, Stack, Queue& Linked List

CO3 Students Understood Basic Advanced Knowledge of Tree

CO4 Students Understood Basic& Advanced Knowledge of Searching and Sorting

CO5 Students Understood Basic& Advanced Knowledge of Tree Graph

Syllabus:
Module Content Lectures
1. Introduction: Basic Terminology, Elementary Data Organization, 4

Algorithm, Efficiency of an Algorithm, Time and Space Complexity,
Asymptotic notations: Theta, Big-O, and Omega, Time-Space trade- off.
Abstract Data Types (ADT).

2. | Arrays: Definition, Single and Multidimensional Arrays, Representation of 10
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
and Addition, Generalized Linked List

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 Problem, Simulating Recursion, Principles of recursion, Tail
recursion, Removal of recursion 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.

3. Trees: Basic terminology, k-ary trees, Binary Trees, Binary Tree 6
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, Forest, Huffman algorithm, Heap,
B/B+ Tree, AVL tree

4. Searching & Sorting: Sequential search, Binary Search, Comparison and 5
Analysis Internal Sorting: Bubble Sort, Selection Sort, Insertion Sort, Two
Way Merge Sort, Heap Sort, Quick Sort Hashing

5. | Graphs: Terminology, Sequential and linked Representations of Graphs: 5
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 Kruskal
algorithm. Shortest Path algorithm: Dijikstra Algorithm

Text/ Reference Books:

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

2. Horowitz and Sahani, “Fundamentals of Data Structures”, Galgotia Publication

Donald Knuth, “The Art of Computer Programming”, vol. 1 and vol. 3.

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

5. R. Kruse etal, “Data Structures and Program Design in C”, Pearson Education Lipschutz,
“Data Structures” Schaum’s Outline Series, TMH

w




Course Code: Abstract Algebra Credits:

MAN13106 3-1-0:4

Prerequisites: NIL

Course Objective: This course aims to develop a foundational understanding of sets,

functions,

equivalence relations, and modular arithmetic. It introduces the structure and

properties of groups, subgroups and various classical examples like dihedral and permutation
groups. The course further explores cyclic groups, permutations, normal subgroups, factor
groups, and isomorphism theorems. It emphasizes key results such as Lagrange’s and
Sylow’s theorems and the concept of group actions. It introduces ring theory, including
ideals, quotient rings, polynomial rings, and integral domains with applications to
factorization and field extensions.

Course outcomes

(6{0) Course Outcomes
Co1 Understand fundamental concepts of sets, functions, equivalence relations, partial
orders, and basic number theory including congruences.
Cco2 Describe and analyze the structure of groups, subgroups, cosets, and classical examples
such as dihedral, permutation, and quaternion groups.
Cos3 Apply properties of cyclic groups, permutations, and alternating groups, and understand
Cayley’s theorem and permutation representations.
CO4 Use coset properties and Lagrange’s theorem to study normal subgroups, factor groups,
and external direct products.
CO5 Understand and apply group homomorphisms, isomorphism theorems, Cauchy’s and
Sylow’s theorems, and group actions.
CO6 Explore basic ring theory, including ideals, quotient rings, polynomial rings, integral
domains, and factorization in rings and fields.
Syllabus:
Module | Content Lectures
1 Definition and examples of groups, Elementary properties of groups, 08
Subgroups, Centralizer, Normalizer, Center of a group, Cosets and
Lagrange’s Theorem, Finitely generated groups, Symmetries of a square,
Dihedral groups, Permutation and quaternion groups.
2 Cyclic groups and their properties, Subgroups of cyclic groups, 08
Permutations, Even and odd permutations, Alternating group, Cayley’s
Theorem, Permutation representations.
3 Properties of cosets, Lagrange’s Theorem and its consequences, External 08
direct product, Normal subgroups, Quotient groups.
4 Group homomorphisms and isomorphisms, First, Second, and Third 08
Isomorphism Theorems, Cauchy’s Theorem, Group actions, Orbits, Sylow
Theorems and applications.
5 Definition and examples of rings, Properties of rings, Ideals and quotient 08
rings, First isomorphism theorem for rings, Polynomial rings, Characteristic
of a ring, Principal, prime and maximal ideals, Integral domains and fields,
Field of fractions, Factorization in integral domains and in polynomial
rings.




Text/ References Books:

1. Joseph A. Gallian, Contemporary Abstract Algebra (4th Edition), Narosa Publishing
House, New Delhi

2. John B. Fraleigh, A First Course in Abstract Algebra, 7th Ed., Pearson, 2002.

3. RamjiLal, Algebra I, Springer,

4. M. Artin, Abstract Algebra, 2nd Ed., Pearson, 2011.

5. Joseph 1. Rotman, An Introduction to the Theory of Groups, 4th Ed., Springer Verlag.

6. 1. N. Herstein, Topics in Algebra, Wiley Eastern Limited, India.

: . . . its: 04
course Code Principles of Numerical Computations Credits: 0

MAN13107 3-0-2:4

Prerequisites: NIL

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

Co Outcomes

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.

Cco2 Demonstrate understanding of common numerical methods and how they are used to
obtain approximate solutions to otherwise intractable mathematical problems
COos3 Apply numerical methods to obtain approximate solutions to mathematical problems.
CO4 Analyze and evaluate the accuracy of common numerical methods.
CO5 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.
Syllabus:
Module Content Lectures
1. Error Analysis: Exact and approximate numbers, Rounding of numbers, 8

Significant digits, Correct digits, various types of errors encountered in
computations, Propagation of errors. Solutions of system of linear
equations: Direct methods: Gauss elimination method without pivoting
and with pivoting, LU decomposition method. Iterative methods: Jacobi
and Gauss-Seidel methods. Eigenvalues and eigenvectors: Dominant and
smallest eigenvalues/eigenvectors by power method

2. Roots of non-linear equations: Bisection method, Regula-Falsi method, 8
Newton-Raphson method, direct iterative method with convergence
criteria, Newton-Raphson method for solution of a pair of non-linear
equations.

3. Interpolation: Finite difference operator and their relationships, difference 8
tables, Newton, Bessel’s and Stirling’s interpolation formulae, Divided
differences, Lagrange interpolation and Newton’s divided difference
interpolation.




4. Numerical differentiation: First and second order derivatives by various 8

interpolation formulae. Numerical integration: Trapezoidal, Simpsons

1/3rd and 3/8th rules with errors and their combinations, Gauss Legendre

2-points and 3-points formulae.

5. Curve Fitting, B-spline and Approximation: Linear and non-linear curve 8

fitting by least squares method, Cubic spline fitting, Representation of B-

splines, Approximations of functions, Chebychev Polynomials,

Economization of power series.

Text/Reference Books:

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

2. M.K.Jain, S.R.K. lyenger 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.

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

Course Code: Real Analysis Credits:

MAN13108 3-1-0: 4

Prerequisite: Nil

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. Studying the geometrical interpretation of integration, Riemann integration and
related results.

Course Outcome:

CO Course 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 modules students can learn sequence of real number and its convergent.

CO3 | By this module student can learn the concept of infinite series, and the condition for the
convergent of infinite series.

CO4 | By this module students can learn the fundamental concept of limit and continuity for real
valued function and related results.

CO5 | By this module student can understand the concept of differentiation and related concepts.
CO6 | By this module student can understand the concept of Riemann Integration and its
geometrical interpretation with some standard applications. Students can learn under what
condition any function is integrable.

Syllabus-
Module Content Lectures
1. Real numbers: Algebraic and Order Properties of R, Supremum and 07

Infimum of sets, Completeness Property of R, The Archimedean Property,
neighbourhood of a point in R. Interior point, Exterior point, Boundary points
& boundary, limit points, Accumulation points, Isolated points, Open set,
closed set, Closure of a set, Perfect set, Compact and connected set, Matric
Space.




2. Sequence of Real numbers: sequence and their limits, limit theorems, 07
monotone sequences, sub sequences and Bolzano -Weierstrass Theorem,
convergent Sequence, Cauchy Criterion, limsup and liminf, divergent
Sequences.

3. Infinite Series: Convergent, Divergent, Positive terms series, Absolute 07
convergence, Tests for convergence.

4. Limit and continuity: Limits of function, Limits theorem, Continuous 07
function, Continuous function on intervals, Bolzano’s Theorem, Uniform
continuity, Monotone and Inverse functions.

5. Differentiation: Differentiation, Chain Rule, Inverse function, L’Hospital’s 06
Rules, Taylor’s Theorem.

6. The Riemann Integral: Riemann Integral, Riemann Integrable functions, The 07

Fundamental Theorem, The Darboux Integral, Approximate integration.

Texts/References Books:

1.

ok w

R.G. Bartle and D. R. Sherbert, Introduction to Real Analysis (3rd Edition), John

Wiley and Sons (Asia) Pvt. Ltd., Singapore, 2002.

S. C. Malik, SavitaArora, Mathematical analysis, second edition, New age
international Limited, Publishers.

W. Rudin, Principles of Mathematical Analysis, 3rd ed., McGraw-Hill, 1983.
T. Apostol, Mathematical Analysis, 2nd ed., Narosa Publishers, 2002.

Brian S. Thomson, Andrew. M. Bruckner, and Judith B. Bruckner, Elementary Real

Analysis, Prentice Hall, 2001.

Sterling K. Berberian, A first Course in Real Analysis, 5" Edition, Springer, 2014.




Semester-1V

Course Code: .. . . Credits:
Statistical Inference and Regression Analysis

MAN14102

3-1-0:4

Prerequisites: Probability and Statistics

Course Objective: The course Statistical Inference and Regression Analysis is designed to 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.
Course Outcome

S.N. Outcomes

CO1 | Familiarity with Random sample, Population Parameter, Sample statistics, Point
estimation; method of moments, maximum likelihood estimation, unbiasedness,
consistency, efficiency.

CO2 | Constructions and interpretations of various types of confidence intervals.

CO3 | Understanding of the Statistical Hypothesis, Null and Alternative Hypothesis, Simple
and composite hypothesis, Type | and Type Il error, Level of significance, p-value, power
of the test.

CO4 | Familiarity of Tests involving the normal distribution, Z-Test and t- Test for one tail, two
tail tests, one sample and two samples, Special test for significance for large samples.

CO5 | Understand and apply simple linear regression and multiple regression techniques.

Syllabus:

Module Content Lectures

1. | Statistics and Point Estimation - Population and Sample, sampling with 08
and without replacement, Random sample, Random number, Population
Parameter, Sample statistics, Point estimation; method of moments,
maximum likelihood estimation, unbiasedness, consistency, efficiency.

2. Confidence interval estimation: Confidence interval estimate for 08
population parameters, Confidence interval for means, Confidence interval
for proportion, Confidence interval for difference and sum, Confidence
interval, variances, Confidence interval for ratio of variances.

3. Test of Hypothesis and Significance: Statistical Hypothesis, Null and 08
Alternative Hypothesis, Simple and composite hypothesis, Type | and Type
Il error, Level of significance, p-value, power of the test. Neyman Pearson
fundamental lemma (without proof).

4. | Tests involving the normal distribution, Z-Test and t- Test for one tail, two 6
tail tests, one sample and two samples, Special test for significance for large
samples.

5. Regression Analysis:- Scatter diagram, Simple linear regression, Multiple 10
regression, Least squares estimation of regression parameters, Maximum
Likelihood estimation of regression parameters. Analysis of Variance.




Text Books / Reference Books

1. Casella, G. and Berger, R. L., Statistical Inference, Duxbury Press, 2002.

2. Montgomery, D. C., Peck, E. A., and Vining, G. G., Introduction to Linear Regression
Analysis, Wiley.

3. Christian Heumann, Michael Schomaker and Shalabh, Introduction to Statistics and
Data Analysis with Exercises, Solutions and Applications in R (Second edition),
Springer, 2022

4. V. K. Rohatgi and A. K. Saleh, An Introduction to Probability and Statistics, 3rd Ed.,
Wiley, 2015

Course Code: Credits:
MAN14103 Database Management System 3.0-2:4

Pre-requisites: Basic Programming Knowledge

Course Objective: The objective of this course is to provide students with a deep understanding
of data models, conceptualize and depict a database system using ER diagram, the internal storage
structures in a physical DB design. The course also provides the understanding of the fundamental
concepts of transaction processing techniques.

Course Outcome:
CO Course Outcomes

CO1 | Understand the purpose, architecture, and components of a DBMS and develop E/R
models for conceptual database design.

CO2 | Understand the relational data model and efficiently formulate and execute SQL queries,
including the use of relational algebra and aggregation operations.

CO3 | Analyze data dependencies and apply normalization techniques up to 5NF for effective
database design.

CO4 | Understand transaction processing, ACID properties, concurrency control mechanisms,
and recovery technigues in DBMS.

CO5 | Understand data storage mechanisms and implement indexing techniques such as B+ trees
and hashing for efficient data retrieval.

Syllabus:
Module Content Lectures
1. Introduction- Purpose of Database System -— Views of data — data models, 08

database management system, three-schema architecture of DBMS, components
of DBMS. E/R Model - Conceptual data modeling - motivation, entities, entity
types, attributes, relationships, relationship types, E/R diagram notation,
examples.

2. Relational Model- Concept of relations, schema-instance distinction, keys, 08
relational algebra operators, SQL - Introduction, data definition in SQL, table,
key and foreign key definitions, update behaviours, Querying in SQL, notion of
aggregation, aggregation functions group by and having clauses, embedded
SQL

3. Database Design- Dependencies and Normal forms, functional dependencies, 08
Armstrong's axioms for FD's, closure, minimal covers, definitions of 1NF, 2NF,
3NF and BCNF, decompositions and desirable properties of them, algorithms
for 3NF and BCNF normalization, 4NF, and 5NF




4. Transactions- Concepts of transaction processing, ACID properties, 08
concurrency control, locking based protocols for CC, error recovery and
logging, undo, redo, undo-redo logging and recovery methods.

5. Implementation Techniques- Data Storage and Indexes - file organizations, 08
primary, secondary index structures, various index structures - hash-based,
dynamic hashing techniques, multi-level indexes, B+ trees.

Text/Reference Books:

1.

2.

3.

o ks

Silberschatz, Henry F. Korth, and S. Sudharshan, “Database System Concepts”, 5th Ed, Tata
McGraw Hill, 2006.

C. J. Date, A. Kannan and S. Swamynathan, “An Introduction to Database Systems”, 8th ed,
Pearson Education, 2006

Ramez Elmasri and Shamkant B. Navathe, “Fundamentals of Database Systems”, Fourth
Edition, Pearson/Addision wesley, 2007

Raghu Ramakrishnan, “Database Management Systems”, Third Edition, McGraw Hill, 2003

S. K. Singh, “Database Systems Concepts, Design and Applications”, First Edition, Pearson
Education, 2006

C Code: . . . Credits:
ARiSe U Design and Analysis of Algorithms PO

MAN14104 3-0-2: 4

Pre-requisites: Data structures

Course Objective:

The objective of this course is to provide students with a deep understanding in algorithm design
and analysis by covering both fundamental and advanced topics. It begins with a review of
essential concepts and introduces computation and space complexities, and advanced data
structures like Binomial and Fibonacci Heaps. Students will explore diverse problem-solving
techniques such as Divide and Conquer, Dynamic Programming, Backtracking, and Branch and
Bound through classical examples like Sorting, Matrix Multiplication, Knapsack, and the
Travelling Salesman Problem. The course also provides the understanding into specialized areas
including NP-completeness, Approximation Algorithms, Randomized Algorithms, and String
Matching and their real-world applications.

Course Outcome

(6{0) Course Outcomes

CO1 | Analyze the complexity of algorithms and apply advanced data structures like
Binomial Heaps and Fibonacci Heaps.

CO2 | Implement divide and conquer strategies for problems like sorting, matrix
multiplication, and convex hull.

CO3 | Apply Dynamic Programming concept to solve various problems

CO4 | Apply Backtracking, Branch and Bound concept to solve various problems

CO5 | Understand and analyze the computational complexity of geometric algorithms

CO6 | Understand advanced concepts including NP-completeness, approximation
algorithms, and randomized algorithms.




Syllabus:

Module Content Lectures

1. Introduction, Review of basic concepts, Time and Space 08
Complexity, Different Asymptotic notations and their
mathematical significance, Recurrences and Masters’ Method,
advanced data structures like Binomial Heaps, Fibonacci Heaps.

2. Divide and Conquer with examples such as Sorting, Matrix 07
Multiplication, Convex hull.

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

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

5. | Algorithms involving Computational Geometry. 07

6. Selected topics such as NP-completeness, Approximation 06

algorithms, Randomized algorithms, String Matching.
List of experiments for Lab classes:

Exp. | Title of experiment

No.

1. Write a program to perform the union operation on two given Fibonacci
heaps.

2. Write a program to perform the extract-min operation on a given Fibonacci heap.

3. Write a program to perform merge sort on a given unsorted array.

4. Write a program to perform quicksort on a given array.

5. Write a program to sort a given array using the randomized quick sort algorithm.

6. Write a program to implement Strassen’s matrix multiplication algorithm. Compute
the product of two given input matrices.

7. Write a program to construct the smallest convex polygon that contains all the given
points using the divide and conquer approach.

8. Write a program to implement the Floyd-Warshall algorithm to find all-pairs

shortest paths for the given adjacency matrix and compute the corresponding
predecessor matrix.

9. Develop a program to solve the Travelling Salesman Problem using the Least Cost
Branch and Bound method, and implement it on the two provided input problems.
10. | Write a program to implement Graham’s scan algorithm to construct a convex hull
from a given set of points in a plane.

11. | Write a program to find the closest pair of points using the divide and conquer
algorithm from a given set of points.

Text/ Reference Books:

1. Introduction to Algorithms, by Cormen, Leiserson, Rivest, and Stein, MIT Press, Third
Edition, 2009.

2. R. C. T. Lee, S. S. Tseng, R.C. Chang and T. Tsai (2006), Introduction to Design and
Analysis of Algorithms A strategic approach, McGraw Hill, India.

3. Aho, Ullman, Hopcroft (2009), Design and Analysis of algorithms, 2nd edition, Pearson
education, New Delhi




ComED Cets Differential Equations il

MAN14105

3-1-0: 4

Prerequisites: Basic of ODEs and PDEs

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
second-order PDEs, including 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

CoO

Course Outcomes

Co1

Demonstrate an advanced understanding of second-order ordinary differential equations
(ODEs) with variable coefficients using appropriate methods.

CcOo2

Understanding of series solutions, Apply special functions like Bessel, Legendre, and
Hypergeometric functions to solve specific problems in physics,

CO3

Reduction into canonical forms, Solve Wave equation ensuring applicability to a wide
range of problems in applied mathematics, physics, and engineering.

CO4

Application of Dirichlet problem and Neumann problem in real words.

COs5

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

CO6

Solve PDEs in higher-dimensional Cartesian, polar, and spherical coordinates, and
apply them in real-world problems, in terms of Bessel’s and Legendre’s Functions,

Syllabus:

Module

Content Lectures

1.

Second order linear differential equations with variable coefficients, 06
Complete solution in terms of a Known integral, Removal of first
derivative, Transformation of the equation by changing the independent
variable, Method of variation of parameters, method of operational
factors.

Integration in series: Introduction, some basic definition, ordinary and 07
singular points, regular and irregular singular points, Series Solution about
a regular singular point, Frobenius method, Special Functions: Legendre
polynomials, solution of Legendre equations, Rodrigues formulae,
Orthogonal properties and recurrence formulae, Bessel’s equations,
Orthogonal properties and recurrence formulae, Hypergeometric function.

Classification of second order PDE. Reduction into canonical forms, 06
Boundary value problems: One dimensional Wave Equation, Vibrations
of an Infinite String, Vibrations of a Semi-Infinite String, Vibrations of a
String of Finite length, Riemann Method.

Laplace’s Equation, Boundary Value Problems (Homogeneous and non- 08
Homogeneous), 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.

5. Laplace equation- Green’s Function, The Dirichlet problem for a Half 07
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.

6. Solution of Circular Membrane in terms of Bessel’s Function, D’ 08
Alembert’s solution of the Wave equation, Heat Conduction Problems,
Heat Conduction-Infinite bar, Heat Conduction-Finite bar. solution of
Heat Equation in two and three dimensions (cartesian, polar and spherical
coordinate system) in terms of Bessel’s and Legendre’s Functions,

Text /Reference Books:

1. G.F. Simmons, Differential equations with Applications an historical Notes, Tata McGraw
Hill, Second Edition-2003.

2. 1. N. Sneddon, Elements of partial differential equations, McGraw-Hill, New York (1957).

3. Tyn Myint 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.

r : . redits:
Rl TR Operation Research Clzells

MAN14106 3-1-0:4

Prerequisites: NIL

Course Obijective: The objective of this course is to provide students with a deep understanding
of Operations Research (OR) 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

CO Course Outcomes

CO1 | 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 minmax strategies, and convert game problems into linear programming
problems for solution.

CO5

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

Apply project management tools like CPM and PERT for scheduling and use inventory
techniques for effective resource management.

Syllabus:

Module Content Lectures

1.

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

Simplex Method: Fundamental properties to solution corroboration of 08
extreme points, Simplex algorithm, computational procedures, Artificial
variables, 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.

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

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

Queuing theory: Poission process and Exponential distribution, 07
Classification of queues, Queuing models.

Project Scheduling: Introduction to project management, Network 05
representation, Critical Path Method (CPM), Program Evaluation and
Review Techniques, Types of inventory, Inventory decisions

Text/ Reference Books:

No obkonE

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, KantiSwarup,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




Semester-V

Course Code: Crvotoaranh Credits:
yptography 3-1-0:4

MAN15101

Prerequisites: Group theory and Finite Field

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

CO1 | Understand the fundamental concepts of cryptography, including confidentiality, integrity,
authentication, and non-repudiation. Understand 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 | Learn the concept of perfect secrecy and its significance in cryptography. Understand the
pseudo-random number generators (PRNGs) and their use in cryptographic protocols,
including key generation, nonce creation, and initialization vectors.

CO3 | Grasp 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 asDES, DESX, 3DES, and AES, including their structures (e.g., Feistel vs.
substitution-permutation networks).

CO4 | Understand the fundamental concepts of hash functions, and its application to achieve
message integrity and message authentication.

CO5 | Learn the fundamental principles and significance of public key cryptography and its
rolefor secure communications.

CO6 | Understand the concept of digital signatures, their purpose, and how they ensure
authenticity and non-repudiation in digital communications

Syllabus-

Module Content Lectures
1. Classical Cryptosystems: The Shift Cipher, The Substitution Cipher, The Affine 06
Cipher, The Vigenere Cipher, The Hill Cipher, The Permutation Cipher, Stream &

Block ciphers.

2. Perfect Secrecy: Perfect secrecy, Shannon's Theory of Perfect Secrecy, Vernam 06
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, CFB, 08
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 Functions, 07
Iterated Hash Functions, Modification detection code (MDC), Message
Authentication Codes (MAC). Hash functions SHA-1 and MD-5.




5. Public Key Cryptography:RSA 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, EIGamal Signature, Digital 06
Signature Algorithm (DSA),Schnorr Signature, ECDSA.

Text/Reference Books:

1. J Buchmann, Introduction to Cryptography, Springer (India) 2004

2. DR Stinson, Cryptography: Theory and Practice. CRC Press, 2000.

3. S.Padhye, R A Sahu, V Saraswat, Introduction to Cryptography, CRC Press, 2018

4. B Forouzan, Cryptography and Network security, Tata McGraw Hill, 2011

5. Wenbo Mao, Modern Cryptography: Theory and Practice. Pearsion Education, 2004.

Course Code: Operating Systems Credits:

MAN15102

3-0-2:4
Prerequisites: NIL

Course Objectives: The course aims to introduce fundamental concepts and functions of
modern operating systems and their evolution. It covers system architectures, process
management, concurrency, and inter-process communication mechanisms. Students will
study memory management techniques, resource allocation strategies, and deadlock handling.
It explores file systems, input/output management, scheduling algorithms, and system
security. The course prepares students to design, analyze, and evaluate operating system
components and their interactions.

Course Outcomes

S.N. | Outcomes

CO1 | Students will understand the basic functions of operating systems, differentiate among
batch, interactive, time-sharing, and real-time systems, and gain foundational
knowledge of system protection and security.

COZ | students will explore various operating system architectures, understand operating
system services and system calls, and examine the principles of OS design.

CO3 | Students will understand process concepts, states, and lifecycle, apply principles of
concurrency, solve classical synchronization problems and evaluate scheduling in
multiprocessor environments.

CO4 | Students will model systems for resource allocation, characterize deadlocks, and study
methods for deadlock prevention, avoidance (including Banker’s algorithm), detection,
and recovery using combined approaches.

CO5 | Students will learn about memory management techniques and understand virtual
memory and demand paging, and evaluate page replacement algorithms and cache
memory management.

CO6 | Students will understand 1/0 devices and organization, implement buffering and disk
I/0 techniques, evaluate disk scheduling algorithms (e.g., FCFS, SSTF, SCAN), and
study file systems, access mechanisms, directories, sharing, and file protection.




Syllabus

Module | Content Lectures

1. Introduction to operating systems and functions, Evolution of operating 08
systems, Types: batch, interactive, time sharing, real-time systems,
Operating system components, Layered, monolithic, microkernel, modular
and hybrid system structures, System calls

2. Process concepts and states, Process creation and termination, Inter- 08
process communication, Process scheduling algorithms, Classical
synchronization  problems:  producer-consumer,  critical  section,
semaphores, readers-writers, dining philosophers;  Multiprocessor
scheduling.

3. System model and resource allocation, Deadlock characterization, 08
Deadlock handling: prevention, avoidance (Banker’s algorithm), detection,
recovery, Combined approaches.

4. Base machine and resident monitor, Fixed and variable partitioning, 08
Multiple base registers, Paging and segmentation, Virtual memory,
Demand paging, Page replacement algorithms: FIFO, LRU, Optimal,
Frame allocation, Thrashing, Cache memory organization and
management.

5. I/O devices and organization, Disk scheduling algorithms, File 08
organization and access mechanisms, File directories, File sharing and
protection, File system implementation

Text/Reference 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”,

ColEs et Numerical Linear Algebra Stz

MAN15103 3-0-2:4

Prerequisites: Linear Algebra, Basic Programming Skills

Course Objective: This course provides the deep understand of the essential numerical
techniques for solving linear systems and eigenvalue problems. It covers direct and iterative
methods, projection techniques, orthogonalization, singular value decomposition, and Krylov
subspace methods with preconditioning, emphasizing stability, convergence, and
computational efficiency.




Course Outcome:

S.N. Outcomes

CO1 | Review and understand fundamental concepts of linear algebra relevant to numerical
methods, including solving linear systems using direct approaches.

CO2 | Analyze vector and matrix norms, compute condition numbers, and formulate least
squares problems in the context of numerical stability and sensitivity.

CO3 | Implement and evaluate iterative methods such as Jacobi, Gauss-Seidel, and SOR for
solving large-scale linear systems, including convergence analysis.

CO4 | Apply projection methods like steepest descent, MR lIteration, and RNSD to solve
systems iteratively with an understanding of convergence behavior.

CO5 | Perform orthogonalization and use SVD techniques for matrix decomposition; compute
eigenvalues and eigenvectors numerically.

CO6 | Understand and apply Krylov subspace methods including Arnoldi, GMRES, CG, and
Lanczos algorithms; incorporate preconditioning strategies like ILU and assess
convergence.

Syllabus:
Module Content Lectures

1. Review of basic concepts from linear Algebra; methods for solving linear 10
systems. Iterative methods for solving linear systems — Jacobi, Gauss
Seidel, SOR and their convergence

2. Vector and matrix norms; ill condition problems, condition numbers; least 06
squares solution

3 Projection methods — general projection method, steepest descent, MR 07
Iteration, RNSD method and their convergence

4. Orthogonalization; Gram Schmith orthogonalization, polar decomposition 10
singular value decomposition; generalized inverse, numerical
computation of eigenvalues and eigenvectors- Housholder method,

Givens Method, QR decomposition method and application to machine
learning.

5. Introduction to Krylov subspace methods — Arnoldi’s method, GMRES 07
method, Conjugate gradient algorithm, Lanczos Algorithm and
convergence check for Krylov subspace methods, Preconditioned CG,

ILU preconditioner.

Text books/Reference books

1.
2.

No ok~ w

Iterative Methods for Sparse Linear Systems (Textbook), Yousef Saad, SIAM 2003
Matrix Computations (Textbook), Gene H. Golub, Charles, F. Van Loan, John Hopkins

University Press, 1996

Matrix iterative Analysis, R. S. Varga, Prentice Hall 1962

Introduction to matrix computation, Gilbert W. Stewart, Academic Press 1973
Numerical Linear Algebra, L.N. Trefethen, D. Bau, SIAM, 1997
Fundamentals of Matrix Computations, Watkins, Wiley-Interscience, 2010
Applied numerical linear algebra, Demmel, James W., Vol. 56. SIAM, 1997




S. No. List of Practical

1 Implementation of direct methods: Solve linear systems using Gaussian elimination
and LU decomposition.

2 Matrix norms and condition numbers: Compute vector/matrix norms and analyze
condition numbers for given systems.

3 Least squares approximation: Fit data using the normal equation and QR
factorization approach.

4 Jacobi method: Implement and test the convergence of the Jacobi iterative method
for linear systems.

5 Gauss-Seidel and SOR methods: Compare the convergence of Gauss-Seidel and
SOR methods under different relaxation factors.

6 Projection methods: Implement the steepest descent method and analyze

convergence behavior.

7 Minimal Residual (MR) and RNSD methods: Solve a system using MR and
Residual Norm Steepest Descent and compare results.

8 Gram-Schmidt orthogonalization: Apply classical and modified Gram-Schmidt
methods to orthogonalize a set of vectors.

9 Singular Value Decomposition (SVD): Compute the SVD of a matrix and interpret
its significance in data compression or pseudo-inverse computation.

10 Eigenvalue computation: Implement power iteration and inverse iteration methods
to estimate dominant eigenvalues.

11 Krylov subspace methods: Implement the Arnoldi or Lanczos algorithm for small
symmetric matrices.

12 Preconditioned Conjugate Gradient (PCG): Solve a sparse linear system using CG

with and without ILU preconditioning and compare convergence rates.

Course Code: Fluid Bynamics Credits:

MAN15104 3-1-0:4

Prerequisites: NIL

Course Objective: Fluid mechanics course objective is to provide a solid foundation in the
mechanics of flows of fluid. 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

CO 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 asStress components in a real
fluid, Symmetry of Stress, Transformation of stress and rate of strain, Relations between
stress and rate of strain.

CO3

Demonstrate basic equations in different coordinate systems governingfluid 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 Thicknessand
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.

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.

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.

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.

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.

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.

Boundary Layer Theory: Reynolds Number, Boundary Layer Concepts, 06
Boundary Layer Thickness, Boundary Layer 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.

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

2. S.W. Yuan, Foundation of Fluid Mechanics, Prentice-Hall of India Pvt Ltd, 1976.
3. G. K. Batchelor, Introduction to Fluid Mechanics, Foundation Book, New Delhi, 1994.




P.K Kundu and 1.M. Cohen, Fluid Mechanics, Academic Press, 2010.

N.E. Neill and F. Chorlton, Ideal and Incompressible fluid dynamics, Ellis Horwood Ltd,
1986

6. D.E. Rutherford: Fluid Dynamics, Oliver and Boyd Ltd, London, 1978

ok~

Course Code:
MAN15105

Complex Analysis

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

Co 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. This module is aimed to provide an
idea about the Evaluation of integrals by the use of Cauchy’s Residue Theorem.

CO5 | 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.

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.




Syllabus:

Module Content Lectures
1. | Analytic function: Functions of complex variable, Limits, Continuity, 08
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
Taylor series, Laurent’s series, Zeroes and poles

4. | Singularities and Residues: Classification of Singularities, Residues, 08
Cauchy’s Residue Theorem, Evaluation of integrals.

5. Application of Residue Theorem: Evaluation of Improper real integrals, 04
Definite Integrals involving Sines and Cosines.

6. Conformal Mapping:Linear Transformation,Linear Transformationw = 06

i, Definition and examples of conformal mappings, Conformality
Theorem, Bilinear transformations and their properties.

Text / Reference Books:
1. James Ward Brown, Ruel V. Churchill, Complex Variables and applications, 8" ed., Mc
Graw Hill.

N

Murray R. Spiegel, Theory and Problems of Complex Variables, SI(metric) edition,

Schaum’s Outline Series, 1981.

©o ok~ w

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.




Semester-VI

Course Code:
MAN16101

Mathematical Modeling & Simulation

Prerequisites: Engineering Mathematics | & 1I, Probability & Statistics, Mathematical
Methods, Numerical Methods, Fluid Dynamics.

Course Objective: This course aims to provide a comprehensive introduction to the
principles and practices of mathematical modeling. It emphasizes the formulation of real-
world systems into mathematical representations, exploring a variety of modeling techniques
and simulation strategies. Applications across disciplines ranging from engineering and
physical sciences to biology, medicine, and social sciences will be discussed. The course
develops students’ ability to identify critical parameters, simplify complex systems, and
apply appropriate analytical or numerical techniques for modeling and simulation.

Course Outcome

CoO Course Outcomes
CO1 | Understand the principles, purpose, and limitations of mathematical modeling.

CO2 | Classify different types of mathematical models based on applications and techniques.

CO3 | Formulate mathematical models for real-world problems by identifying key parameters
and appropriate methods.

CO4 | Analyze and evaluate models across various disciplines such as physics, biology,
economics, and engineering.

CO5 | Apply simulation techniques including Monte Carlo and MATLAB-based modeling for
solving engineering problems.

Syllabus:
Module Content Lectures
1. Introduction to Mathematical Modeling: Concepts of mathematical 08

modelling; open and closed systems; limitations of mathematical
modelling; properties of mathematical modelling; needs and techniques
used; areas of applications; discussion on non-uniqueness of models.

2. Classification of Mathematical modelling: Classification of 08
mathematical models in terms of areas of application; Classification in
terms of the types of mathematics used: Graphical models, models using
algebra, models using differential equations (ordinary and partial both);
models using difference equations; models using calculus of variations
and dynamic programming, etc.

3. Procedure and techniques of Mathematical modelling: Real problems, 08
identification of parameters, significant parameters, parameters of
importance, reduction of an open problem to a closed form, conversion of
a real problem into a mathematical problem; identification of problem to
be modelled; quest for a mathematical technique for solution; importance
of numerical techniques; computer simulation; physical interpretation;
illustrations.




4. Mathematical models in different fields: Classical and continuous 08
models, Deterministic, probabilistic, and stochastic models; Case studies
in problems of physics, chemistry, engineering, biological sciences,
genetics, economics, defence etc.

5. Simulation Techniques: Monte-Carlo simulation, Approaches to 08
differential equation: Heun method, Local stability theory: Bernoulli
Trials, General techniques for simulating continuous random variables,
simulation from Normal and Gamma distributions, simulation from
discrete probability distributions, simulating a non-homogeneous Poisson
Process.

Text/Reference Books:
1. J. N. Kapoor, Mathematical Modelling, Wiley Eastern Limited.
2. J. N. Kapoor, Mathematical Modelling in biology and medicine, Affiliated East-West
Press Pvt. Ltd.
3. Edward A. Bender., An Introduction to Mathematical Modelling.
4. S.M. Ross, Simulation, India Elsevier Publication.
5. C. Fowler. Mathematical Models in Applied Sciences, Cambridge University Press.
6. A.M. Law and W.D. Kelton. Simulation Modeling and Analysis, T.M.H. Edition.

Course Code: Credits:
MAN16102 3-0-2: 4

Cybersecurity

Prerequisites: Computer Networks, Operating Systems

Course Objective:

This course introduces core principles of cyber security, including cryptography, network
security, attack methods, malware, and defense mechanisms. It focuses on both theoretical
and hands-on aspects such as evasion, privilege escalation, and forensic analysis to equip
students with comprehensive threat analysis and countermeasure strategies.

Course Outcome:

CO Course Outcomes

CO1 | Understand and explain core cybersecurity principles, including cryptographic
techniques, network security components, and virtualized systems.

CO2 | Apply security principles to Microsoft Windows OS, including authentication tokens,
messaging, and firewall configuration.

CO3 | Identify and describe various attacker motivations and evasion techniques used in
cyber threats.

CO4 | Analyze and simulate software and web-based exploitation techniques including
injections, overflows, and reconnaissance

CO5 | Detect and assess malicious code behaviors, privilege escalation techniques, and apply
defensive tools like IDS and memory forensics.




Syllabus

Module | Content Lectures
1 Cyber Security Fundamentals: Network and Security Concepts, 8
Information Assurance Fundamentals, Basic Cryptography,
Symmetric & Public Key Encryption, DNS, Firewalls,
Virtualization, RFID

Microsoft Windows Security Principles: Tokens, Messaging,
Windows Firewall

2 Attacker Techniques and Motivations: Antiforensics, Proxies, 6
Tunneling, Threat Infrastructure, Fraud Techniques
3 Exploitation Techniques: Shellcode, Integer Overflow, Stack 10

Buffer Overflow, Format String, SQL Injection, Race Conditions,
Web Exploit Tools, DoS, Brute Force, Reconnaissance, XSS, DNS
Attacks, Social Engineering

4 Malicious Code and Privilege Escalation: Worms, Viruses, 8
Obfuscation, Rootkits, Spyware, Token Kidnapping, DLL
Injection, MITM Attacks, VM Detection

5 Defense and Analysis: Memory Forensics, Honeypots, Automated | 8
Malware Analysis, IDS, Malicious Code Naming

Text / Reference Books:

1. James Graham, Richard Howard, Ryan Olson, Cyber Security Essentials, CRC Press,
Taylor & Francis Group, 2011.

2. Mayank Bhusan, Rajkumar Singh Rathore, Aatif Jamshed, Fundamentals of Cyber
Security: Principles, Theory and Practices, BPB Publications, 2018.

Course Code: . Credits:
Deep Learning

MAN16103 3-0-2: 4

Pre-requisites: Nil

Course Outcome:

CO Course Outcomes
CO1 | Understand the fundamentals of deep learning, perceptrons, and backpropagation along
with their real-world applications.

CO2 | Train and fine-tune deep neural networks using appropriate activation functions and
hyper-parameter settings.

CO3 | Address training challenges in deep networks using techniques like regularization,
dropout, and pretrained models.

CO4 | Design and implement convolutional neural networks (CNNs) for spatial data
processing.

CO5 | Develop and train recurrent neural networks (RNNSs), including LSTM and GRU
models, for sequence modeling tasks.

CO6 | Apply representation and generative learning techniques using various types of
autoencoders.




Syllabus-

Module Content Lectures

1. Introduction to deep learning, logical computations with neurons, 08
perceptron, backpropagation, historical trends, applications.

2. Deep Networks: Training a deep neural network (DNN), hidden layers, 08
activation functions, fine-tuning neural network hyper-parameters,
Convolutional neural networks (CNNSs): convolutional layer, filters,
stacking, pooling layer, CNN architecture.

3. Custom Deep Neural Networks: vanishing/exploding gradient issues, 08
reusing pre- trained layers, optimizers, 11 and 12 regularization, dropout.

4. Recurrent neural networks (RNNSs): recurrent neurons, unrolling, input 08
and output sequences, training RNNs, deep RNNs, LSTM cell, GRU cell.

5. Representation Learning and Generative Learning: Auto encoders: data 08
representations, linear auto encoder, stacked auto encoders, variational
auto encoders, Generative Advarsial Networks (GANSs), Siamese
Networks

Texts/References Books

1. Tan Goodfellow, Yoshua Bengio, and Aaron Courville, “Deep Learning,” First Edition,
MIT Press.

2. Aurélien Géron, “Hands-On Machine Learning with Scikit-Learn, Keras, and
TensorFlow: Concepts, Tools, and Techniques to Build Intelligent Systems,”Second
Edition, O'Reilly Media

3. Frangois Chollet “Deep Learning with Python,” First Edition, Manning Publication

4. Rowel Atienza “Advanced Deep Learning with Keras,” First Edition, Packt Publishing

5. Sudharsan Ravichandran “Hands-On Deep Learning Algorithms with Python,” First
Edition, Packt Publishing

Course Code: Credits:
MAN16104 3-1-0:4

Optimization

Pre-requisites: Operations Research

Course Objective: The objective of this course is to provide students with a deep
understanding of classical and modern optimization techniques used to solve real-world
problems. It covers both one-dimensional and multi-dimensional optimization, including
unconstrained and constrained problems using analytical methods like Lagrange multipliers
and Kuhn-Tucker conditions. Students will learn various numerical techniques such as direct
search, gradient methods, and dynamic programming. The course also introduces artificial
intelligence approaches and heuristic search methods, including genetic algorithms and
simulated annealing. Additionally, students will explore evolutionary computation techniques
for both single and multi-objective optimization using algorithms like DE, PSO, and ACO.



Course Outcome

(6{0) Course Outcomes
CO1 | Understand and apply classical optimization techniques for solving constrained and
unconstrained problems using analytical methods.
CO2 | Understand the process of solving optimization problems using discrete and continuous
dynamic programming approaches.
CO3 | Apply direct search and gradient-based numerical methods to identify optimal solutions
in unimodal functions
CO4 | Understand artificial intelligence-based optimization techniques, including genetic
algorithms and heuristic search methods.
CO5 | Understand and analyze evolutionary algorithms like GA, DE, PSO, and ACO for
solving complex optimization problems.
Syllabus:
Module Content Lectures
1. Basic ideas of one dimensional and multidimensional optimization 07
problems - Unconstrained and constrained problems - Convex Functions,
Lagrange's multipliers - Kuhn-Tucker's conditions - Quadratic
programming - Wolf's method - Beale's method.
2. Dynamic Programming: Discrete and continuous Dynamic Programming, 07
Simple illustrations.
3. Direct Search and Gradient Methods, Unimodal Functions, Fibonacci 08
Method, Golden Section Method, Method of Steepest Descent, Newton
Raphson Method, Hookes and Jeeves Method, Conjugate Gradient
Methods
4. Acrtificial Intelligence Methods: History of Al, Hill Climbing, Simulated 08
annealing, Genetic Algorithms - An lllustrative Example, Hypothesis
Space Search, Measure of performance and analysis of search algorithms,
Models of Evolution and Learning
5. Evolutionary Computation: Single and multi-objective optimization, 10
Genetic algorithm, Differential Evolution, Particle Swarm Optimization
and Ant Colony Optimization

Text /Reference Books:
1. Bazaraa, M., Sherali, H. D. and Shetty, C. M., "Nonlinear Programming: Theory and
Algorithms"”, Wiley-Interscience; 3rd Ed.
2. Deb, K. (2012). Optimization for engineering design: Algorithms and examples. PHI
Learning Pvt. Ltd..
3. Taha, H. A. (2013). Operations research: an introduction. Pearson Education India.
4. Talbi, E. G. (2009). Metaheuristics: from design to implementation. John Wiley & Sons.




Semester-VII

Course Code: . . Credits:
MAN17101 Quantum Computation and Information 3-0-2: 4

Prerequisites: Linear Algebra, Prior knowledge of quantum mechanics.

Course Objective:

The objective of this course is to provide the students, an introduction to quantum computatio
n, to explore practical implementation techniques involving quantum gates, algorithms, and
circuits, to familiarize participants with axiomatic quantum theory and the conceptual
differences between classical and quantum systems.

Course Outcome:

CO Course Outcomes

CO1 | Analyze and interpret the postulates of quantum mechanics, superposition, entanglement,
and quantum measurement processes.

CO2 | Differentiate between classical and quantum computing paradigms and understand qubit
implementations using physical systems.

CO3 | Understand the difference between pure and mixed states and related concepts.

CO4 | Learn the quantum correlations, Turing machines, quantum logic gates and circuits.

CO5 | Develop and implement key quantum algorithms such as Deutsch, Grover's, and Shor's
algorithms.

CO6 | Evaluate error correction methods, fault-tolerant designs, and the future roadmap of
guantum computing technologies

Syllabus
Module Content Lectures

1. Quantum Mechanics Basics: Postulates of Quantum Mechanics. Density 08
Operator Formalism: Pure and Mixed States. Superposition and
Entanglement in Quantum Mechanics. Axiomatic Quantum Theory:

Quantum States, Observables, and Measurement. Hilbert Space and
Unitary Transformations. Schrodinger Equation and Unitary Evolution. No
Cloning Theorem.

2. Qubits vs Classical Bits: Spin-Half Systems and Photon Polarizations. 07
Trapped Atoms, lons, and Semiconducting Quantum Dots. Artificial Atoms
Using Circuits. Single and Two Qubit Gates: Solovay-Kitaev Theorem.

3. Pure and Mixed States: Density Matrices and Quantum Evolution. 06
Superoperators and Kraus Operators. Positive and Completely Positive
Trace-Preserving Maps.

4. | Quantum  Correlations:  Entanglement and Bell's  Theorems. 06
Review of Turing Machines and Classical Computational Complexity.

Reversible Computation. Universal Quantum Logic Gates and Circuits

5. Quantum  Algorithms:  Deutsch and Deutsch-Josza  Algorithms. 07
Bernstein-Vazirani Algorithm. Database Search: Grover's Algorithm.

Quantum Fourier Transform and Prime Factorization: Shor's Algorithm.

6. Error Correction and Fault-Tolerance: Introduction to Error Correction., 06
Fault-Tolerance Techniques. Simple Error Correcting Codes, Quantum
Key Distribution.




Text/Reference Books:

1. Micheal A. Nielsen. & Issac L. Chiang, Quantum Computation and Quantum Information,
Cambridge University Press, 2013.

2. Bernard Zygelman, A First Introduction to Quantum Computing and Information, second
edition , Springer Publication, 2024.

3. Eleanor Rieffel and Wolfgang Polak, Quantum Computing: A Gentle Introduction,, MIT
Press

4. Bhupendra Singh, Mohankumar Mylsamy and Thamaraimanalan Tangranjan, Quantum
algorithms and their applications in cryptography: A practical approach, CRC Press, 2025

Gl GG Computational Methods for ODE and PDE Clselie:

MAN17102 3-0-2: 4

Prerequisites: Prior knowledge of calculus, algebra, and differential equations is
recommended for this course, as well as basic understanding of heat transfer, strength of
materials, fluid mechanics, and electrical circuits, is recommended for this course.

Course Objectives:

e To enable students to design and analyze numerical methods to approximate solutions
to differential equations for which finding an analytic (closed-form) solution is not
possible.

e To teach basic scientific computing for solving differential equations.

Course Outcome

CO Course Outcomes

CO1 |Understand the key ideas, concepts and definitions of the computational algorithms, sources
of errors, convergence theorems.

CO2 | Implement a given algorithm (related software package) and test and validate codes to
solve a given differential equation numerically.

CO3 | Choose the best numerical method to apply to solve a given differential equation and
quantify the error in the numerical (approximate) solution.

CO4 | Analyze an algorithm’s accuracy, efficiency and convergence properties

CO5 | Create own algorithms to solve the differential equations numerically.

CO6 | Apply the techniques to solve differential equations representing the models of anf specific

problems.
Syllabus:
Module Content Lectures
1. Numerical methods for solving IVPs for ODEs: Difference equations, 07

Routh-Hurwitz criterion, Test Equation. Single step methods: Taylor series
method, explicit Runge-Kutta methods, convergence, order, relative and
absolute stability.

2. Multistep methods: Development of linear multistep method using 07
interpolation and undetermined parameter approach, convergence, order,
relative and absolute stability, Predictor Corrector methods.

3. Solution of initial value problems of systems of ODES. BVP: Finite 07
difference methods for second order ODEs, Eigenvalue problems.



https://www.amazon.in/Bernard-Zygelman/e/B084M1QB4Y/ref=dp_byline_cont_book_1

4. PDEs: Finite difference methods for Elliptic PDEs, Consistency, stability 07
and convergnce. Boundary Conditions.

5. FD methods for Parabolic equations in 1D and 2D. Operator splitting 06
methods, Convergence, stability and consistency of difference methods.

6. Higher order methods. Introduction to Hyperbolic PDEs, FD methods. 06
Upwind schemes, Consistency, stability and convergence of schemes.
Second order schemes.

Texts/References Books:

1.

SN bW

o0

Numerical Analysis (9th Edition, 2010) by Richard L. Burden and J. Douglas Faires.
Brooks/Cole, Cengage Learning,

. Numerical Methods for Ordinary Differential Equations by David F. Griffiths and Desmond
J. Higham,

. Numerical Partial Differential Equations by J. W. Thomas. ,

. A first Course in Numerical Methods (2011) by Uri M. Ascher and Chen Greif. STAM.

. Advanced Engineering Mathematics, by Kreyszig

Numerical Methods for Conservation Laws and Related Equations, by Professor

Siddhartha Mishra, ETH Zurich.

M.K.Jain, S.R.K.Iyenger and R.K.Jain, Numerical Methods for Scientific and Engineering

Computation, Wiley Eastern Ltd.

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




Elective Course-1& 2

S No Course code | Course Name Credit | L-T-P Contact hours
1. MAN16301 | Data Mining 4 3-0-2 5
2. MAN16302 | Image processing 4 3-0-2 5
3. MAN16303 | Advanced Data Structures 4 3-0-2 5
4. MAN16304 | Computer Graphics 4 3-1-0 4
5. MAN16305 | Coding Theory 4 3-1-0 4
6. MAN16306 | Automata Theory 4 3-1-0 4
7. MAN16307 | Network Security 4 3-0-2 5
8. MAN16308 | Number Theory 4 3-1-0 4
9. MAN16309 | Commutative Algebra 4 3-1-0 4
10. MAN16310 | Fuzzy Logic & Applications 4 3-1-0 4
11. MAN16311 | Graph Theory 4 3-1-0 4
12. MAN16312 | Tensor analysis 4 3-1-0 4
13. MAN16313 | Dynamics and Statics 4 3-1-0 4
14. MAN16314 | Analytical Geometry 4 3-1-0 4
15. MAN16315 | Wavelet analysis 4 3-1-0 4
16. MAN16316 | Time series analysis 4 3-1-0 4
17. MAN16317 | Stochastic Processes 4 3-1-0 4
18. MAN16318 | Multivariate analysis 4 3-1-0 4

Course Code:

Data Mining

Credits:

MAN16301

Pre-requisites: Basic Programming Knowledge

Course Objective:

This course introduces the core concepts of data mining, including data types, quality,
preprocessing, and similarity measures. Students will learn clustering techniques like K-
Means, DBSCAN, and Fuzzy C-Means, along with evaluation metrics. The course covers
association rule mining using Apriori and FP-Growth, dimensionality reduction with PCA,
feature selection, and provides an overview of classification and data analytics applications.

Course Outcome

3-0-2: 4

S.N. Outcomes

CO1 | Choose appropriate data pre-processing techniques based on data characteristics and
quality.

CO2 | Identify and apply suitable data mining techniques such as clustering, association rule
mining, and dimensionality reduction based on the problem context.

CO3 | Implement core data mining algorithms through hands-on practice.

CO4 | Understand feature selection techniques, and applying Principal Component Analysis
(PCA), and gaining an overview of classification.

CO5 | Analyze web and social network data using graph-based analytical methods.




Module Content Lectures

1. Introduction to Data Mining, Motivation behind Data Mining, Data Mining 08
Tasks, Issues in Data Mining Applications, Types of Data, Data Quality,
Data Pre-processing, Similarity and Dissimilarity Measures, Outlier
Analysis.

2. Clustering Introduction, Applications of Clustering, K-Means Algorithm, 08
Hierarchical Clustering Algorithms, Density-Based Clustering (DBSCAN),
Fuzzy C-Means Algorithm, Cluster Evaluation using Silhouette Coefficient,
Davies-Bouldin Index.

3. Introduction to Association Rules, Applications of Rule Mining, Market 07
Basket Analysis, Frequent Itemset Mining, Apriori Algorithm, Limitations
of Apriori, Alternative Methods, FP-Growth Algorithm.

4. Feature Selection Techniques, Dimensionality Reduction Methods, 07
Principal Component Analysis (PCA), Overview of Classification
Techniques, Introduction to Data Analytics and its Applications.

Texts/References Books:

1. Tan,Pang-Ning & others. “Introduction to Data Mining” Pearson Education, 2006.

2. Han J &Kamber M, “Data Mining: Concepts and Techniques,” Morgan Kaufmann
Publishers, Second Edition, 2006

3. Christopher Bishop: “Pattern Recognition and Machine Learning”, Springer International
Edition

4. Tom M. Mitchell: “Machine Learning”, The McGraw-Hill Companies, Inc.

5. Charu C. Aggarwal “Outlier Analysis” Springer International Publishing (2017)

6. Online Source: NPTEL.

Course Code: . Credits:
Image Processing

MAN16302 3-0-2: 4

Prerequisites: NIL

Course Objective:

This course aims to develop proficiency in implementing advanced data structures, including
priority queues, heaps, and efficient hashing. Students will understand and apply self-
balancing trees like AVL, Red-Black trees, B-trees, and Tries. The course also covers graph
algorithms using adjacency structures, focusing on solving real-world problems with
appropriate data structures.

Course Outcome

S.N. Outcomes

CO1 | Understand digital image representation, sampling, quantization, and basic image
properties.

CO2 | Apply enhancement techniques in spatial and frequency domains.

CO3 | Perform image restoration using filtering and transformation methods.

CO4 | Implement segmentation, shape representation, and morphological operations.
CO5 | Analyze image compression methods and extract texture features.




Syllabus

Module Content Lectures

1. Discrete-time signals and systems, sampling, quantization, and 08
reconstruction, digital image representation, digitized image properties,
and fundamentals of image formation.

2. Image pre-processing techniques, basic image enhancement methods in 08
spatial and frequency domains, linear and non-linear filters, and contrast
enhancement techniques.

3. Linear discrete image transforms (Fourier, DCT, etc.), noise models, 09
degradation models, restoration techniques including inverse and Wiener
filtering.

4. Image segmentation techniques, edge and region-based methods, shape 08

representation and description, data structures for image analysis, and
basics of mathematical morphology.

5. Image data compression: lossless and lossy methods, compression models 07
and standards, texture features and analysis methods.

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.
S.

Course Code:

MAN16303 Advanced Data Structures

Prerequisites: Concept of Data Structure, Basic Programming

Course Objective:

This course aims to develop proficiency in implementing advanced data structures, including
priority queues, heaps, and efficient hashing. Students will understand and apply self-
balancing trees like AVL, Red-Black trees, B-trees, and Tries. The course also covers graph
algorithms using adjacency structures, focusing on solving real-world problems with
appropriate data structures.

Course Outcome

S.N. Outcomes

CO1 | Understand and implementation of symbol table using advanced hashing techniques.

CO2 | Design efficient priority queues using different types of heaps and apply them in real-
world applications.

CO3 | Understand and apply advanced data structures like AVL trees, Red-Black trees, B-
trees, and Tries.

CO4 | Develop algorithms for text processing applications.

CO5 | Analyze and implement graph algorithms for shortest path and spanning trees.

CO6 | Apply disjoint set data structures and perform amortized analysis of algorithms.




Syllabus

Module Content Lectures

1. Hashing and Dictionaries 07
Review of Hashing, Hash Function, Hash Tables, Collision Resolution
Techniques in Hashing, Separate Chaining, Open Addressing, Linear
Probing, Quadratic Probing, Double Hashing, Rehashing, Extendible,
Hashing. Definition, Dictionary Abstract Data Type, Implementation of
Dictionaries, Bloom Filters.

2. Priority queues, Heaps and Skip Lists 07
Priority queues, Binary Heaps, Binomial Heaps, Fibonacci Heaps,
Applications of Heaps in Graph algorithms, Need for Randomizing Data
Structures and Algorithms, Search and Update Operations on Skip Lists,
Probabilistic Analysis of Skip Lists, Deterministic Skip Lists.

3. | Advanced Trees 08
Binary Search Trees (BST), AVL Trees, 2-3 Trees, Advantage of 2-3
trees over Binary Search Trees, Search and Update Operations on 2-3
Trees Red-Black Trees, Height of a Red Black Tree, Red Black Trees
Bottom-Up Insertion, Top-Down Red Black Trees, Top-Down Deletion in
Red Black Trees, Splay Trees, Splaying, Search and Update Operations
on Splay Trees, B-Trees and B+ Trees, Advantage of B- trees over BSTS,

Height of B-Tree Tries (Standard, Compressed, Suffix Tries).

4. | Text Processing 06
String Operations, Brute-Force Pattern Matching, The Boyer-Moore
Algorithm, The Knuth-Morris-Pratt ~ Algorithm, Standard  Tries,
Compressed Tries, Suffix Tries, The Huffman Coding Algorithm, The
Longest Common Subsequence Problem (LCS), Applying Dynamic
Programming to the LCS Problem.

5. Graph Algorithms 06
Graph Representations, Topological Sorting, Minimum Spanning Trees
(Prim’s and Kruskal’s), Shortest Path Algorithms: Dijkstra’s, Bellman-

Ford, Floyd-Warshall.
6. Disjoint Sets and Amortized Analysis 06

Disjoint Set Data Structures (Union-Find), Path Compression and Union
by Rank, Amortized Analysis: Aggregate, Accounting, and Potential
Method, Applications in Network Connectivity and Kruskal’s Algorithm.

Texts/References Books:

1. Mark Allen Weiss, "Data Structures and Algorithm Analysis in C++", 2nd Edition,
Pearson, 2004.

N

Advanced Data Structures— Peter Brass

3. Jean Paul Trembley and Paul G. Sorenson, —An Introduction to Data Structures with
applicationsl, McGraw Hill.

ok~

R. Kruse et.al., Data Structures and Program Design in Cl, Pearson Education.
Lipschutz, Data Structuresl Schaum ‘s Outline Series, TMH.




Course Code: Computer Graphics Credits:

MAN16304 3-1-0:4

Prerequisites: Basic concept of Geometry, Linear Algebra
Course Objective:

The objective of this course is to introduce students to the fundamental principles of
computer graphics and the architecture of graphical systems. It aims to equip students with
the knowledge of key algorithms used for rendering graphical primitives and performing
geometric transformations. The course also explores essential techniques in 2D and 3D
graphics, including projection methods, clipping algorithms, and basic modelling approaches.
Additionally, students will gain hands-on experience by implementing these concepts using
OpenGL or similar graphics libraries to build interactive graphical applications.

Course Outcome

S.N. Outcomes

CO1 | Understand the structure of an interactive computer graphics system and the separation
of system.

CO2 | Implement line, circle, and polygon drawing algorithms for graphical rendering.

CO3 | Apply 2D and 3D transformations and viewing concepts in graphical applications.

CO4 | Use clipping algorithms and projection techniques in 2D and 3D graphics.

CO5 | Analyze and implement curve generation, surface modeling, and visible surface
detection techniques.

CO6 | Develop interactive graphics applications using OpenGL or equivalent libraries.

Syllabus-
Module Content Lectures
1. Introduction to Computer Graphics 07

Overview of Computer Graphics, Computer Graphics Application and
Software, Description of some graphics devices, Display Technologies,
Raster Refresh (Raster-Scan) Graphics Displays, Color CRT Raster Scan
Basics, Video Basics, The Video Controller, Random Scan Display
Processor, LCD displays. Graphics user Interface (GUI) features

2. Two-Dimensional Transformations 07
Basic Transformations: Translation, Rotation, Scaling, Reflection and
Shear, Matrix Representations and Homogeneous Coordinates, Composite
Transformations and  Transformation  Functions, The Camera
Transformations - perspective, orthographic, isometric and stereographic
views, Viewing pipeline; Camera Models and multi-view generation.

3. Three-Dimensional Transformations 06
Three-dimensional Object Representations: Polygon Surfaces, Quadric
Surfaces, 3D Geometric Transformations, Projections: Perspective and
Parallel, 3D Viewing Pipeline and Clipping

4. Scan conversion and Clipping 06
Algorithms for drawing Lines, Circles, Ellipse, Polyline. Polygon. Area

filling, fill-style; Clipping algorithms: line and polygon, anti-aliasing.




Curves, Surfaces, and Visible Surface Detection 07
Plane Curves and Surfaces Curve Representation, Nonparametric Curves,
Parametric Curves, Parametric Representation of Circle, Ellipse, Parabola,
Hyperbola, Representation of Space Curves, Cubic Splines, Bezier
Curves, B-spline Curves, Parametric Cubic Curves, Quadric Surfaces.
Bezier Surfaces. Fractals and Recursive Algorithms, Back-face Detection,
Z-buffer, A-buffer Methods, Painter’s Algorithm.

Graphics Programming using OPENGL 07

Introduction to OpenGL Programming, Features in OpenGL, OpenGL
operations, Abstractions in OpenGL — GL, GLU & GLUT, Aliasing and
Antialiasing, texture bump mapping, Animation methods, methods of
controlling animation, soft modeling of objects, image-based rendering,
Fundamental Difficulties. Digital image file formats, Image compression
standard — JPEG, Image Processing - Digital image enhancement, contrast
stretching, User Interaction and Animation Basics.

Texts/References Books:

1.

2.

3.

J. D. Foley, A. Van Dam, S. K. Feiner and J. F. Hughes, Computer Graphics -
Principles and Practice, Second Edition in C, Pearson Education, 2003.

D. Hearn and M. Pauline Baker, Computer Graphics (C Version), Pearson Education,
2nd Edition, 2004.

D. F. Rogers and J. A. Adams, Mathematical Elements for Computer Graphics, 2nd
Edition, McGraw-Hill International Edition, 1990.

F. S. Hill Jr., Computer Graphics using OpenGL, Pearson Education, 200310. D
Samantha, “Object oriented Programming in C++ and Java *, PHI.

S. Harrington, Computer Graphics - A Programming Approach, McGraw Hill, New
York, 1983.

Desai, Apurva A, Computer Graphics, PHI, New Delhi, 2008.

Samit Bhattacharya, Computer Graphics, Oxford University Press, 2018

Course Code: Coding Theory Credits:

MAN16305

3-1-0:4

Prerequisites: NIL

Course Obijective: Objective of this course is to develop student's ability to understand and
apply principles of both source and channel coding, including error detection and correction
techniques, and to analyze the performance of different coding schemes. Students should be
able to design and implement basic coding and decoding algorithms, and to understand the
underlying mathematical structures like linear algebra and finite fields used in coding theory.
Course Outcome

S.N. Outcomes

CO1 | Understand the fundamental concept of coding theory.

CO2 | Understanding the principles of linear block codes, their encoding and decoding
procedures, and their error-correction capabilities.

CO3 | Understand how code parameters like length, size, and minimum distance are related,
and learning about specific bounds like the Hamming, singleton bound, and Gilbert-
Varshamov bound, etc..

CO4 | Learn the application of finite field in coding theory. Understand the application of
cyclic code and related concepts.

CO5 | Understand the Goppa codes and related concepts.




Syllabus

Module | Content Lectures

1

Error detection, correction and decoding: Communication channels,
maximum likelihood decoding, Hamming distance, Binary block codes,
Minimum distance decoding, Error-detecting capability and error-
correcting capability.

05

Linear block codes: Linear block codes, Hamming weight, Generator
matrix, Parity-check matrix. Dual code, encoding and decoding of linear
codes, nearest neighbour decoding with a linear code, Syndrome
decoding, constructions of linear codes.

08

Bounds in coding theory: Coding theory problem, lower bounds,
Gilbert-Varshmov bound, Hamming bound and perfect codes, binary and
g-ary hamming codes, Singleton bound and MDS codes, Plotkin bound,
Nonlinear codes, Griesmer bound, Linear programming bound, Reed-
Muller codes, Subfield codes.

10

Cyclic codes: Review of Finite fields, Polynomial description of cyclic
codes, generator and check polynomials, Roots of cyclic codes, decoding
of cyclic codes, Burst-error-correcting codes, BCH codes, Reed-solomon
codes, Quadratic-residue codes, Berlekamp-Welch decoding algorithm.

10

Goppa codes: Generalized Reed-Solomon codes, Alternant codes, Goppa
codes , decoding of generalized RS codes.

07

Texts/References Books:

1.

San Ling , Chaoping Xing, Coding Theory : A First Course, Cambridge university
Press. First South Asian Edition, 2019.

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

Stefan M Moser, Po-Ning Chen, A Students Guide to Coding and Information
Theory, Cambridge University Press, First South Asian Edition, 2012.

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

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

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




Course Code: Credits:

Automata Theory

3-1-0:4

MAN16306

Prerequisites: NIL

Course Objective: This course establishes a formal and rigorous connection between
algorithmic problem-solving and the theory of formal languages and automata. It aims to
develop a deep understanding of formal languages, grammars, and computational models,
enabling students to design and analyze finite automata, pushdown automata, and Turing
machines. The course further explores the principles of decidability, computability, and
computational complexity while emphasizing the practical relevance of automata theory in
areas such as compiler design, algorithm analysis, and problem-solving in computer science
and engineering.

Course Outcome

S.N. Outcomes
CO1 | Understand and apply the concepts of regular languages, regular expressions, and finite
automata.
CO2 | Analyze and design context-free grammars and pushdown automata for language
recognition and parsing.
CO3 | Comprehend the foundations of computation through Turing Machines and classify
languages using the Chomsky hierarchy.
CO4 | Identify recursive, recursively enumerable, and undecidable languages; demonstrate
undecidability using reductions.
CO5 | Understand basic computational complexity, perform polynomial-time reductions, and
analyze NP-complete problems.
Syllabus:
Module Content Lectures
1. Regular Languages & Finite Automata:Regular Languages and Regular 05
Expressions, Deterministic and Non-deterministic Finite Automata,
Kleene’s Theorem, Pumping Lemma, Myhill-Nerode Theorem.
2. Introduction to  Context-free  Languages &  Pushdown 07
Automata:Context-free Languages and Grammars, Ambiguity, Chomsky
Normal Form, CYK Algorithm, Introduction to Deterministic and
Nondeterministic Pushdown Automata.
3. Turing Machines:Mathematical modelling of computation, Deterministic 06
Turing Machines, Church-Turing Thesis, Chomsky Hierarchy, Universal
Turing Machines.
4. Recursive Languages: Recursive and Recursively Enumerable 06
Languages. Non-recursive Languages and Undecidable Problems, the
Halting Problem. Reduction.
5. Complexity: Resource-bounded computation, Classes P and NP, 06
Polynomial time reductions, NP-completeness.

Texts/References Books:

1.

Introduction to Languages and The Theory of Computation (4th Edition) by John C.
Martin, McGraw-Hill Publishers, 2011.

Automata and Computability by Dexter C. Kozen. Springer Publishers 2007.

J Hopcroft, JD Ullman, R Motwani, Introduction to Automata Theory, Languages and
Computation, 3rd Ed., Pearson, 2008.

M Sipser, Introduction to the Theory of Computation, 2nd Ed., Thomson, 2005.




Course Code: N GRS Credits:

MAN16307

3-1-0:4

Prerequisites: Basic knowledge of Computer Networks and Operating Systems.

Course Objective: This course aims to provide a foundational understanding of network

security

concepts, protocols, and practices. It introduces the basics of computer networks,

secure communication using cryptographic techniques, and various security protocols. The
course also covers threats to network security and explores mechanisms to secure web
applications, emails, and domain name systems.

Course Outcome

S.N.

Outcomes

Co1

Understand the architecture of computer networks, including OSI and TCP/IP models,
and demonstrate the ability to analyse core protocols and application layer services such
as HTTP, DNS, FTP, and SMTP.

CO2

Apply symmetric and asymmetric cryptographic techniques, and understand the role of
hash functions, digital signatures, and key exchange protocols in securing
communications.

CO3

Analyse various network security protocols, wireless security standards, and identify
different network architectures and threats such as MITM, sniffing, spoofing, and replay
attacks.

CO4

Evaluate application-layer vulnerabilities and countermeasures, including browser,
email, and web security mechanisms, and implement best practices to ensure secure
application communication.

Syllabus

Module

Content Lectures

1.

Computer Networks and TCP/IP Protocols: Basics of computer 10
networks, network types, and topologies, OSI and TCP/IP models:
Layered architecture and protocol functions, IP addressing, subnetting,
and routing fundamentals, TCP vs. UDP: Features, headers, and
communication, Application layer protocols: HTTP, DNS, FTP, SMTP.

Secure Communication with Cryptographic Techniques: Symmetric 10
Key Cryptography: AES, DES, Block Cipher Modes (ECB, CBC),
Asymmetric Key Cryptography: RSA, ECC, Digital Signatures, Hash
Functions and MACs: SHA-2, HMAC, Key Exchange Protocols: Diffie-
Hellman, PKI Infrastructure.

Network Security Fundamentals: Introduction to Network Protocols 10
TCP/IP, Network Security Protocols: IPsec, SSL/TLS, SSH, Wireless
Security: WEP, WPA/WPA2/WPAS3, EAP protocols, Network Security
Architecture: DMZ, VPNs, VLANS, Proxy Servers, Threats to Network:
MITM, Sniffing, Spoofing, Replay Attacks.

Application Security: Web Browser Security: Cookies, Active Content, 10
Cross-Site Scripting (XSS), E-mail Security: Spoofing, Spam Filters,
PGP, SIMIME, Web Security: Secure Sockets Layer (SSL)/TLS, HTTPS,
Input Validation, DNS Security: DNS Spoofing, DNSSEC




Texts/References Books:

1.

Behrouz A. Forouzan, Data Communications and Networking, 5th Edition, McGraw-
Hill Education.

William Stallings, Cryptography and Network Security: Principles and Practice, 7th
Edition, Pearson Education.

Charlie Kaufman, Radia Perlman, Mike Speciner, Network Security: Private
Communication in a Public World, 2nd Edition, Pearson Education.

Andrew S. Tanenbaum, David J. Wetherall, Computer Networks, 5th Edition, Pearson
Education.

Michael T. Goodrich, Roberto Tamassia, Introduction to Computer Security, 1st
Edition, Pearson Education.

Course Code: Number Theory Credits:

MAN16308

3-1-0:4

Prerequisites: Nil

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 cryptographyand computer science, including
algorithms for primality testing and integer factorization.

Course Outcome

S.N.

Outcomes

COo1

Demonstrate a clear understanding of basic concepts in number theory, including
integers, divisibility, and the properties of prime numbers. Understand the Euclidean
algorithm and the method to solve linear Diophantine equations.

COo2

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

CO3

Describe various number-theoretic functions, such as the Euler’s totient function, the
divisor function, and the Mdbius function. Grasp the applications of number-theoretic
functions in solving problems related to divisibility, prime factorization etc.

CO4

Describe primitive roots and 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. Understand quadratic
residues and their importance in number theory, and cryptography.

CO5

Understand 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.

CO6

Understand continued fractions and differentiate between simple and general continued
fractions.




Syllabus-

Module

Content

Lectures

1.

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

07

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

07

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

07

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

08

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

07

Continued Fraction: finite continued fraction, infinite continued fraction,
Convergent of continued fraction, Farey fraction, Pell’s equation.

06

Texts/References Books:
1. David M Burton, Elementary Number Theory, McGraw Hill Companies, 7" Edition

2007.

2. K. Ireland and M. Rosen, A Classical Introduction to Modern Number Theory, 2nd
ed., Springer-Verlag, Berlin, 1990.

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

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

5. T M Apostal, Introduction to Analytic Number Theory, Springer.

Course Code:
MAN16309

Prerequisites: NIL

Commutative Algebra Credits:

3-1-0:4

Course Objective: This course introduces foundational concepts in commutative algebra
including rings, ideals, and modules. It develops understanding of prime and primary
structures, decompositions, and localization techniques. Students explore integral extensions,
valuation theory, completions, and homological dimensions. The course emphasizes
structural properties of modules, graded rings, and depth theory. It aims to prepare students
for advanced studies in algebraic geometry and homological algebra.



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/

Course Outcome

S. N. | Outcomes

CO1 | Students will understand the basic structure of commutative rings, analyze prime and
maximal ideals, apply the Prime Avoidance Lemma, compute the Jacobson radical,
identify local rings, and use Nakayama’s Lemma in module-theoretic contexts.

CO2 | Students will learn to distinguish irreducible, quotient, and primary ideals, perform
primary decomposition with uniqueness, identify associated primes, and understand
localization and support of modules, as well as the structure of Artinian rings.

CO3 | Students will acquire knowledge of integral elements and extensions, understand the
localization of integral elements, and apply the Going-Up and Going-Down theorems in
ring extensions.

CO4 | Students will gain insight into valuation rings and their properties, understand extension
theorems and discrete valuation rings, study completions of rings and modules, and
apply the Krull Intersection Theorem.

CO5 | Students will explore graded rings and modules, analyze systems of parameters,
determine depth of modules, and study regular sequences in the context of homological
dimensions.

CO6 | Students will understand projective, injective, and global dimensions, compute the Tor
functor, characterize regular local rings, and apply homological methods in
commutative algebra problems.

Syllabus

Module | Content Lectures

1. Basic concepts of rings, Prime and maximal ideals, Prime Avoidance 05
Lemma, Jacobson radical, Local rings, Miscellaneous results, Nakayama’s
Lemma.

2. Irreducible ideals, Quotient and primary ideals, Primary decomposition 07
and uniqueness, Associated primes, Localization and support of a module,
Acrtinian rings.

3. Integral extensions and elements, Localization and integrality, Going-up 06
and Going-down theorems.

4. Valuation rings and examples, Extension theorems, Properties of 07
valuation rings, Discrete valuation rings, Completions of rings and
modules, Krull Intersection Theorem.

5. Graded rings and modules, Systems of parameters, Depth, Regular 06
seguences.

6. Projective and global dimensions, Injective dimension, Tor functor, 06
Regular local rings, Homological applications.

Texts/References:

1. M. F Atiyah and I. G. Macdonald (1969): Introduction to Commutative Algebra,
Addison- Wesley Publishing Company.

2. N.S.

Gopal Krishnan :Commutative Algebra Second Edition

3. R.Y. Sharp : Steps in Commutative Algebra, Cambridge University Press.




Clomse Conis Fuzzy Logic and Applications ChelTE

MAN16310

3-1-0:4

Prerequisites: NIL

Course Objective: Fuzzy Logic is to provide students with a solid mathematical foundation
of fuzzy logic and its application in real world. The course aims to develop students' skills in
fuzzy logic to handle uncertainty in fuzzy sense. 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

CO1 | 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
quantifiers and Dempster's rule for solving real-world uncertainty problems.

CO5 | 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.

Syllabus:

Module Content Lectures

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

2. Unit 2: Introduction to Fuzzy arithmetic Interval, arithmetic using alpha- 06
cuts, MIN and MAX operations on fuzzy numbers.

3. Unit 3: Fuzzy arithmetic using alpha-cuts, continued decomposition 06
principle, Extension principle Fuzzy arithmetic using Extension Principle,

Fuzzy Equations

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

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

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




Texts/References Books:

1.

2006.

Kanal, North Holland, New York 1992.

Course Code:
MAN16311

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

Graph Theory

Prerequisites: Nil

Fuzzy sets and fuzzy logic, theory and applications — George J. Klir, Yuan Prentice Hall

Analysis and management of uncertainty: Theory and applications: Ayyub, B. M., L.N.

Credits:
3-1-0:4

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.

CO5 | 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.
Syllabus
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- colouring 06
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,
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.

Course Code: Credits:

Tensor Analysis

MAN16312 3-1-0:4

Prerequisites: NIL

Course Objective: This course introduces the foundational concepts of tensor algebra and
calculus in n-dimensional spaces, emphasizing their transformation properties and
applications. It develops an understanding of covariant and contravariant vectors, tensor
operations, and the role of the metric tensor in defining geometric structures. Students will
learn to compute covariant derivatives, Christoffel symbols, and curvature quantities
associated with differentiable manifolds. The course provides tools for studying geodesics,
Riemannian curvature, and related geometric invariants. It prepares students for advanced
study and research in differential geometry, general relativity, and mathematical physics.

Course Outcome

S.N. | Outcomes

CO1 | Students will understand n-dimensional space, apply Einstein summation convention,
use Kronecker delta in computations, work with tensor algebra, identify covariant and
contra-variant vectors, and compute gradients, contractions, and symmetric, anti-
symmetric components of tensors using the quotient law.

CO2 | Students will undersatnd the concept and properties of the metric tensor, compute the
length of curves and vector magnitudes and study poly-orthogonal systems, orthogonal
envelopes, and Euclidean space.

CO3 | Students will be able define and compute Christoffel symbols of the first and second
kind, understand their transformation laws, and calculate covariant derivatives of scalar,
vector, and tensor fields.

CO4 | Students will be able to analyze the curvature of curves, derive Euler—Lagrange
equations for geodesics, study geodesic and normal coordinates, and understand Levi-
Civita parallelism in Riemannian spaces and subspaces.

CO5 | Students will be able compute the Riemann curvature tensor and its contractions, Ricci
and scalar curvature. They will understand Schur’s theorem, Bianchi identities,
sectional curvature, and Ricci principal directions, gaining insight into local and global
geometric structures




Syllabus

Module | Content Lectures

1. n-dimensional space, Einstein summation convention, Kronecker delta, 05
Determinants, Tensor algebra, Covariant and contravariant vectors,
Gradient, Tensor fields, Contraction, Symmetric and antisymmetric
tensors, Quotient law

2. Metric tensor and its properties, Length of curves, Magnitude and 06
projection of vectors, Gradient, Scalar product, Angles, Poly-orthogonal
systems, Orthogonal envelopes, Euclidean space.

3. Christoffel symbols of first and second kind, Transformation laws, 06
Covariant derivatives of scalar, vector, and tensor fields, Divergence,
Intrinsic derivatives.

4. Curvature of a curve, Euler—Lagrange equations, Geodesic and normal 06
coordinates, Levi-Civita parallelism, Parallelism in subspaces, Local
Riemannian geometry.

5. Curvature tensor and its contraction, Covariant curvature tensor, Ricci 06
tensor, Scalar curvature, Schur’s theorem, Bianchi identities, Sectional
curvature, Ricci principal directions.

Text /ReferencesBooks:
1. Tensor Caluculus and Riemanian Geometry, J K Goyal and K P Gupta, Pragati
Prakashan

2. \ector and Tensor Analysis, Brand, L., John Wiley and Sons
3. Tensor Calculus, Theory and Problem, J.L. Bansel, Jaipur Publishing House,

Course Code: Dynamics and Statics Credits:

MAN16313 3-1-0:4

Prerequisites: Nil

Course Objective: In this course, students will learn a basic knowledge of forces, moments
on the components of a structure of engineering problems. They will also learn to analyze:
forces and moments on a static rigid body, moments on/between multiple static rigid bodies
and internal forces/moments in a static rigid body. This course will help the student to
develop the ability visualize physical configurations in terms of real materials constraints
which govern the behavior of machine and structures.

Course Outcome

S.N. Outcomes

CO1 | Understand the fundamental principles of mechanics, forces, and moments.

CO2 | Construct and analyze free-body diagrams to determine equilibrium conditions of rigid
bodies.

CO3 | Analyze problems involving friction, rolling resistance, and motion of rigid bodies.

CO4 | Apply principles of dynamics to solve problems of motion and energy conservation.

CO5 | Understand the basic concepts of stress, strain, and vibration for engineering
applications.




Syllabus

Module Content Lectures

1. Fundamentals: Mechanics and its relevance, concepts of forces, laws of 06
mechanics — Lami’s Theorem, Equations of equilibrium, Concept of free-
body diagram, centroids, center of gravity, area moment of inertia, mass
moment of inertia.

2. Statics: Principles of statics, Types of forces, concurrent and non- 06
concurrent forces, composition of forces, forces in a plane and space,
simple stresses and strains, elastic constant.

3. Friction: Laws of friction, application of laws of friction, Dry friction 07
(static and kinetic), wedge friction, disk friction (thrust bearing), belt
friction, square threaded screw, journal bearings, Wheel friction, Rolling
resistance, body on inclined planes.

4, Dynamics: Principles of dynamics, D’Alembert’s principle, conservation 06
of momentum and energy, Kinematics of rigid bodies, General plane
motion, Coriolis acceleration.

5. Introduction to stress and strain: Definition of Stress, Normal and shear 07
Stress. Relation between stress and strain, Cauchy formula, Two-
dimension state of stress, Principal stresses and strains, generalized
Hooke's Law, free vibration of single degree-of freedom systems

Texts/References Books:
1. F. Beer. R. Johnston, Vector mechanics for engineers: statics and dynamics. Tata
McGraw-Hill, 2010.
2. Engineering Mechanics: Statics and Dynamics, I. H. Shames, G. K. Mohana Rao,
Pearson.
Timoshenko S, and Young D.H, ‘Engineering Mechanics’, Tata McGraw Hill, 2006.
H. Goldstein, Classical Mechanics, Pearson Education, 2011.
5. J. L. Meriam and L. G. Kraige, Engineering Mechanics, Vol I- Statics, 5th Ed, John
Wiley, 2002.
6. E.P. Popov, Engineering Mechanics of Solids, 2nd Ed, PHI, 1998

B w

Analytical Geometry Credits:

Course Code:
MAN16314 3-1-0: 4

Prerequisites: NIL

Course Objective: This course is designed to provide rigorous understanding of the
geometry of three-dimensional space. It aims to understand different coordinate systems,
geometric transformations, and analyze the properties and relationships between fundamental
geometric objects such as lines, planes, spheres, cones, cylinders, and conicoids. The course
also emphasizes problem-solving skills essential for advanced studies in mathematics and
related disciplines.



Course Outcome

S.N. | Outcomes

CO1 | Students will understand and apply the principles of 3D coordinate systems, compute
direction cosines, analyze projections, determine conditions for perpendicularity and
parallelism, identify skew lines, find shortest distances between lines, and compute the
volume of a tetrahedron

CO2 | Students will be able to derive equation of a plane, tangent and normal planes, analyze
angle bisecting planes, compute distances of points from planes, examine pair of planes
and the conditions for a second-degree equation to represent them, and explore
properties of radical planes.

CO3 | Students will gain the ability to analyze the equation of a sphere, examine plane
sections and spheres through circles, determine line-sphere intersections, tangent planes,
conditions for tangency, touching spheres, and study polar planes and poles.

CO4 | Students will develop skills to work with the general equation of a cone and cylinder,
understand right circular cones and cylinders, study enveloping and reciprocal cones,
analyze intersections and angles.

CO5 | Students will understand the general conicoid equation, compute and analyze tangent
planes and conditions of tangency, define director spheres, and explore the geometric
relationships of polar planes and normals.

CO6 | Students will explore the properties of specific conicoids such as ellipsoids,
paraboloids, and hyperboloids, analyze normals from a point, derive cones through
concurrent normals, and investigate diametral planes, conjugate diametral planes, semi-
diameters, and poles of planes.

Syllabus
Module | Content Lectures

1. Coordinate systems in 3D, Change of axes, Direction cosines, Projections, 05
Straight lines, Conditions for perpendicularity and parallelism, Skew lines,

Shortest distance between lines, Volume of tetrahedron.

2. Equation of a plane, Tangent and normal planes, Angle bisecting planes, 06
Distance of point from plane, Pair of planes, Conditions for a
homogeneous second-degree equation to represent a pair of planes,

Radical plane, Angle between planes, Properties of radical plane.

3. Equation of sphere, Plane section, Sphere through a circle, Line-sphere 06
intersection, Tangent plane, Conditions for tangency, Touching spheres,
Polar plane, Pole and polar, Angle of intersection.

4. General cone equation, Right circular cone, Enveloping and reciprocal 06
cones, Angle between intersecting lines, General cylinder equation,

Cylinder through a conic, Right circular cylinder, Tangent plane,
Enveloping cylinder.

5. General conicoid equation, Tangent plane, Tangency condition, Director 06
sphere, Polar plane, Normal.

6. Unit VI: Ellipsoid, Paraboloid, Hyperboloid, Normals from a point, Cone 06
through concurrent normals, Diametral planes, Conjugate diametral planes,

Conjugate semi-diameters, Pole of a plane.




Text/ Reference Books:

=

S. L. Loney, The elements of coordinate geometry, London, Macmillan and co.

P. N. Chatterjee, 3 Dimensional solid geometry, Rajhans Publication.

S. Narayan and P. K. Mittal, Analytical Solid Geometry, S.Chand & Company, New
Delhi

4. P.K.Jain and Khalil Ahmed: Analytical geometry of three dimensions, Wiley Eastern
Limited.

wn

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

MAN16315

Prerequisites: NIL

Course Obijective: The objective of the course is to make the students aware of Wavelet
Analysis.After going through this course the student will be able

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
CO1 | 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.
CO5 | Learn the various applications of wavelet.

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(2Z) 06

5. Fourier series, transform and convolution on I*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.



Course Code:
MAN16316 Time Series Analysis

Credits:
3-1-0:4

Prerequisites: Probability & Statistics, Linear Algebra

Course Objective: The objective of this course is to provide a comprehensive understanding
of time series data and its analysis. It begins with the introduction to time series structure and
preliminary tests for stationarity, followed by the development of key concepts such as
stationarity, autocorrelation, and invertibility. The course emphasizes the study of both
univariate and multivariate linear time series models including AR, MA, ARMA, VAR,
VMA, and VARMA, focusing on their properties and practical applications. It further equips
students with model estimation techniques, forecasting methods, and order selection criteria.
The course also introduces the theory of spectral analysis, covering the estimation and
interpretation of spectral density functions, and concludes with advanced frequency-domain
tools like cross-spectrum and periodogram analysis for multivariate processes.

Course Outcome

S.N. Outcomes

CO1 | Understand basic concepts, properties, and tests of time series data.

CO2 | Analyze stationarity, autocorrelation structures, and linear processes.

CO2 | Apply AR, MA, ARMA, and VAR models to univariate and multivariate time series.

CO4 | Evaluate models using estimation, forecasting, and spectral analysis tools.

CO5 | Develop ability to apply time series methods to real-world data analysis problems.

Syllabus

Module | Content Lectures

1. Unit 1: Introduction and preliminary tests of time series, Mathematical 06
formulation of time series and stationarity concepts

2. Unit 2: ACVF and ACF of stationary time series and its properties, Linear 08

stationary processes and their time domain properties — AR, MA, ARMA,
Invertibility of AR, MA, ARMA

3. Unit 3: Auto covariance generating function, Multivariate time series 06
processes and their properties — VAR, VMA, VARMA, Random sampling
from stationary time series

4. Unite 4: Parameter estimation of AR, MA and ARMA models, Best 06
Linear predictor and Partial auto correlation function (PACF), Model
order estimation techniques

5. Unit 5: Spectral density, its properties and estimation, Spectral density 08
function of stationary linear processes
6. Unit 6: Cross-spectrum for multivariate processes, Spectral distribution 06

function, Periodogram analysis

Texts/References Books:

1. Brockwell, P.J. & Davis, R.A., Introduction to Time Series and Forecasting, Springer,
3rd Edition (2016)

2. Enders, Walter, Applied Econometric Time Serie, Wiley, 4th Edition (2014)

Hamilton, James D., Time Series Analysis, Princeton University Press (1994)

4. Shumway, R.H. & Stoffer, D.S.,Time Series Analysis and Its Applications: With R
Examples, Springer, (2021)

w



Course Code: Credits:

MAN16317 Scochastic Process 3-1-0-4

Prerequisites: Probability & Statistics

Course Objective: This courses introduces theories of the basic stochastic processes with
applications. It mainly covers discrete-state processes such as Markov chain, Poisson and
renewal processes, and continuous-time Markov chain. It is expected to equip students with
the relevant modelling and analytical skills for studying any given stochastic system.

Course Outcome

S.N. | Outcomes

CO1 | Understand and explain the foundational concepts of stochastic processes and classify
different types, with emphasis on discrete-time Markov chains.

CO2 | Analyze the long-run behavior of Markov chains including classification of states,
limiting and stationary distributions, and applications like random walks and gambler’s
ruin.

CO2 | Model and interpret real-life scenarios using Poisson processes, including inter-arrival
times, memoryless property, and conditional structures.

CO4 | Apply renewal theory to practical problems involving renewal phenomena, age/residual
life, and reward processes.

CO5 | Formulate and analyze continuous-time Markov chains (CTMC), birth-death processes,
and derive long-run behaviors using transition rates and generator matrices.

Syllabus
Module | Content Lectures
1. Foundations and Discrete-Time Markov Chains: Review of Probability 07

Theory relevant to stochastic processes, Definition of Stochastic Process;
Classification, Markov Chains: Definitions and Examples, Transition
Probabilities and Chapman-Kolmogorov Equations, Classification of States:
Accessible, Communicating, Absorbing, Examples: Gambler’s Ruin,
Random Walks, Branching Chains

2. Long-run Behavior of Discrete-Time Markov Chains: Recurrent and 07
Transient States, Periodicity, Irreducibility, Limiting and Stationary
Distributions, Long-run proportions and convergence of state probabilities,
Simple Random Walk in 1D, 2D, and 3D, Applications to steady-state
systems, Numerical computation of limiting probabilities

3. Poisson Processes : Definition and Properties of Poisson Process, Inter- 07
arrival and Waiting Time, Memoryless Property, Conditional Distributions
in Poisson Processes, Superposition and Thinning, Non-homogeneous
Poisson Process, Applications: Queueing, Reliability

4. Renewal Theory: Basic Definitions and Examples, Distribution of Renewal 07
Times, Age and Residual Life, Key Renewal Theorem, Elementary Renewal
Theorem, Renewal-Reward Processes, Applications: Inventory, Maintenance
Models

5. Continuous-Time Markov Chains (CTMC): Definition and Examples of 06
CTMCs, Transition Rates and Holding Times, Generator Matrix and

Kolmogorov’s Forward and Backward Equations, State Classification in
CTMCs, Embedded Markov Chain, Examples of CTMC modeling

6. Birth-Death Processes and Long-run Behavior of CTMCs: Birth & Death 06
Processes: Definition and Rate Diagrams, Queueing Applications (e.g.,
M/M/1, M/M/c), Time Reversibility, Limiting Distributions of CTMCs,
Long-run Proportions and Steady-State Behavior, Summary of connections
with discrete-time theory




Texts/References Books:

1. Sheldon M. Ross, Introduction to Probability Models, Academic Press (Elsevier), 13th
Edition, 2023

2. Medhi, Stochastic Processes, New Age International Publishers, 4th Edition, 2017

3. Rick Durrett, Essentials of Stochastic Processes, Springer, 3rd Edition, 2016

i (el Multivariate Analysis Clrgells:

MAN16318 3-1-0:4

Prerequisites: Probability & Statistics, Linear Algebra

Course Objective: The objective of the course is to impart necessary knowledge about
theoretical foundations of multivariate distribution theory, with special emphasis on
Multivariate Gaussian distribution, statistical inferential aspects related to random sampling
from multivariate populations and to learn various important applied multivariate data
analysis tools and techniques, with a view to understand the mathematical derivation and
justification of these methods and further to implement them for solving real life problems.

Course Outcome

S.N. | Outcomes

CO1 | Understand and explain the foundational concepts of random vectors, multivariate
distributions, and their generalizations.

CO2 | Analyze multivariate normal data structures and apply derived distributions such as the
Wishart and Hotelling’s T? in inference.

CO2 | Apply estimation and hypothesis testing techniques, including maximum likelihood
estimation and likelihood ratio tests, in multivariate settings.

CO4 | Perform dimensionality reduction and classification using techniques like PCA, Factor
Analysis, MANOVA, and Discriminant Analysis.

CO5 | Implement and interpret advanced multivariate techniques including Canonical
Correlation and Cluster Analysis, and apply them to real-world datasets through project

work.
Syllabus
Module | Content Lectures
1. Random Vectors and Generalized Distributions: Basic properties of 05

random vectors, CDF and PDF of random vectors, Moments and
characteristic ~ functions, Orthogonal and polar transformations,
Generalizations: Multinomial, Dirichlet

2. Multivariate Normal Distribution and Related Theory: Normal data 08
matrix (NDM): characterization and properties, Linear forms and
transformations, Wishart distribution, Hotelling’s T? distribution

3. Inference in Multivariate Settings: Maximum likelihood estimation, 06
Likelihood ratio tests, Union-intersection tests, Simultaneous confidence
intervals

4. Dimensionality Reduction and Multivariate  Classification: 10

MANOVA: formulation and likelihood ratio principle,  Principal
Component  Analysis (PCA): components, sampling properties,
projections, Factor Analysis: models, estimation, rotation, scores

5. Advanced  Multivariate  Techniques:  Canonical  correlation: 09
population/sample vectors, coefficients, Discriminant analysis: Fisher’s
LDA, QDA, misclassification probabilities, Cluster analysis: distance
metrics, hierarchical clustering, K-means




6. Project Applications and Presentations: Individual or group projects 05
applying multivariate methods to real datasets, Emphasis on
interpretation, software implementation, and communication

Texts/References Books:

1. Mardia, K. V., Bibby, J. M., Kent, J. T. (1979). Multivariate Analysis.United
Kingdom: Academic Press.

2. Johnson, R. A., Wichern, D. W. (2019). Applied Multivariate StatisticalAnalysis.
United Kingdom: Pearson.

3. Muirhead, R. J. (2009). Aspects of Multivariate Statistical Theory. Germany: Wiley.

4. Anderson, T. W. (2003). An Introduction to Multivariate Statistical Analysis. United
Kingdom: Wiley.

5. Hastie, T., Friedman, J., Tibshirani, R. (2009). The Elements of Statistical Learning:
Data Mining, Inference, and Prediction. Germany: Springer New York.

6. Brenner, D., Bilodeau, M. (1999). Theory of Multivariate Statistics. Germany:
Springer.

7. Johnson, R. A., Wichern, D. W. (2019). Applied Multivariate Statistical Analysis.
United Kingdom: Pearson




Elective Course-3 & 4

S No Course code | Course Name Credit | L-T-P Contact hours

1 MAN17301 | Algebraic Number Theory 4 3-1-0 4

2 MAN17302 | Functional analysis 4 3-1-0 4
3 MAN17303 Analy_tical Dynamics & generalized | 4 3-1-0 4

coordinates
4 MAN17304 | Advanced Algebra 4 3-1-0 4
5 MAN17305 | Computational Algebraic Geometry | 4 3-1-0 4
6 MAN17306 | Differential Geometry 4 3-1-0 4
MAN17307 | Magnetogasdynamics and 4 3-1-0
! Hyperbolic Systems 4
8 MANZ17308 | Topology 4 3-1-0 4
9 MAN17309 | Representation Theory 4 3-1-0 4
10 MAN17310 | Financial Mathematics 4 3-1-0 4
11 MAN17311 | Computer Networks 4 3-0-2 5
12 MAN17312 | Advance Cryptography 4 3-1-0 4
13 MAN17313 | Cloud Computing 4 3-1-0 4
14 MAN17314 | High Performance Computing 4 3-1-0 4
15 MAN17315 | Blockchain Technology 4 3-1-0 4
16 MAN17316 | Econometrics 4 3-1-0 4
17 MAN17317 | Bayesian Analysis and Computing | 4 3-1-0 4
18 MAN17318 Syatistic_al Computation and 4 3-1-0 4
Simulation
19 MAN17319 | Actuarial Mathematics 4 3-1-0 4




Course Code: Algebraic Number Theory Credits:

MAN17301 3-1-0:4

Prerequisites: NIL

Course Objective: This course introduces fundamental concepts in algebraic number theory,
beginning with number fields, rings of integers, and their arithmetic properties. It develops the
theory of Dedekind domains and explores prime ideal factorization in field extensions. It applies
the geometry of numbers to establish finiteness results, and computes class groups with
applications to Diophantine equations. It covers valuations and local fields, including Hensel’s
Lemma, ramification theory, and the behaviour of extensions. Finally, it explores special types of
number fields such as quadratic, cubic, and cyclotomic fields, introduces ray class fields and basic
ideas from class field theory, and studies zeta and L-functions including the Dirichlet class number
formula.

Course Outcome

CO | Outcomes

COL | Understand the structure of number fields and compute rings of integers, norms, traces, and

discriminants.

Co2 Analyze the properties of Dedekind domains and perform prime ideal factorization in field
extensions.

CO3 | Study embeddings into field of complec numbers, apply the geometry of numbers, and
compute class groups with applications to Diophantine equations.

CO4 | Understand valuations, local fields, and ramification theory, and apply Hensel’s Lemma to
study extensions.

CO5 | Explore and distinguish special fields such as quadratic, cubic, and cyclotomic fields and
their arithmetic properties.

CO6 | Gain introductory knowledge of class field theory and analyze zeta and L-functions,
including the Dirichlet class number formula.

Syllabus
Module | Content Lectures

1. Unit I: Number fields, Ring of integers, Norm and trace, Discriminants, 05
Computation of ring of integers

2. Unit Il: Dedekind domains and their properties, Prime ideal factorization in 06
extensions.

3. Unit 1ll: Embeddings into C, Geometry of numbers, Finiteness and 06
computation of class groups, Applications to Diophantine equations

4. Unit IV: Valuations, Local fields, Hensel’s Lemma, Extensions of local fields, 06
Ramification, Different, Inertia.

5. Unit V: Special fields: quadratic, cubic, cyclotomic fields, Ray class fields, 06
Class field theory (introductory), Zeta and L-functions, Dirichlet class number
formula

Texts/References Books

1. Jurgen Neukirch, Algebraic Number Theory

2. Serge Lang, Algebraic Number Theory

3. Henri Cohen: A Course in Computational Algebraic Number Theory



Course Code: Functional Analysis Credits:

MAN17302 3-1-0:4

Prerequisites: Real Analysis

Course Objective: The objective of this course is to introduce students to the fundamental
concepts and techniques of functional analysis, with a focus on the study of normed vector
spaces, inner product spaces, linear operators, and key theorems such as the Hahn-Banach
Theorem, Uniform Boundedness Principle, Open Mapping Theorem, and the Closed Graph
Theorem.

Course Outcome

coO Outcomes

CO1 | Introduce the concepts of metric and normed spaces, completeness, and fixed point
theorems, essential for understanding iterative and approximation techniques.

CO2 | Develop the theory of normed linear spaces, Banach spaces, and inner product spaces,
with a focus on geometric properties, continuity, and linear transformations.

CO3 | Explore fundamental theorems such as the Hahn-Banach Theorem, Banach Fixed Point
Theorem, Uniform Boundedness Principle, and Open Mapping Theorem, and
demonstrate their applications.

CO4 | Familiarize students with linear operators, dual spaces, quotient spaces, and Hilbert space
structures, essential in engineering fields like control theory, signal processing, and
numerical analysis.

CO5 | Cultivate students' abilities to understand, inner product spaces, Hilbert spaces, Reisz
representation theorem, orthonormal sets and projection theorems.

CO6 | Enable the understanding of operator theory, including bounded, compact, self-adjoint,
normal, and unitary operators, and concepts from normed algebras and spectral theory.

Syllabus

Module Content Lectures

1. Complete Metric Space, Category, Baire’s Category Theorem, Contraction 06
Mapping, Banach Fixed Point Theorem and it’s Applications

2. Normed Linear Space, Quotient Normed Spaces, Riesz Lemma, Finite- 08
Dimensional Normed Spaces, Convex Subsets of Normed Spaces, Stronger
and Equivalent Norms, Strictly Convex Normed Spaces, normed spaces of
operators, dual spaces with examples

3. Banach Space, Hahn-Banach theorem, Open Mapping Theorem, Closed 06
graph Theorem, Uniform Bounded-ness Principle,

4. Linear Maps Between Normed Spaces, Continuity of Linear Maps, 06
Examples of Discontinuous Linear Maps on Infinite Dimensional Normed
Spaces, Various Criterion for Continuity of Linear Maps, Linear
Functionals,

5. Inner Product Spaces, Hilbert Spaces, Riesz Representation Theorem, 08
Bounded Linear Operator on Hilbert Spaces, Orthonormal Sets, Bessel’s
Inequality, Schwarz inequality, Projection Theorem, Hilbert- adjoint
operator, its existence and uniqueness, Properties of Hilbert-adjoint
operators

6. Normed Algebra, Spectrum, Self-adjoint, Normal, Unitary and Compact 06
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 Int. Ltd.
5. S C Bose, Introduction to Functional Analysis, Macmillan India Ltd.

Course Code: Analytical Dynamics and Generalized Coordinates Credits:

MAN17303 3-1-0:4

Prerequisites: NIL

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

CO 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.

CO5 | 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.

Syllabus
Module Content Lectures

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




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

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.

Examples, Energy equation from Lagrange’s equation, Reciprocal relations, 07
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.

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

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-1l, 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

Course Code: Advanced Algebra Credits:

MAN17304 3-1-0:4
Prerequisites: NIL

Course Objective: To understand advanced group theory including group actions, class
formula, normalizer, centralizer, solvable and nilpotent groups, Sylow theorems. Study ring
structures including PIDs, Euclidean domains, Chinese Remainder Theorem, and polynomial
irreducibility. Explore field extensions, algebraic and finite fields, and construct finite fields
using polynomials over Z_p. Study Galois theory, normal and separable extensions, Galois
groups, and applications to solvability. Understand module theory: Noetherian modules, exact
sequences, free and projective modules.

Course Outcomes

CO Outcomes

CO1 | Students will be able to understand advanced group theory including group actions, class
formula, normalizer, centralizer, solvable and nilpotent groups, Sylow theorems

CO2 | Students will be able to understand ring structures including PIDs, Euclidean domains,
Chinese Remainder Theorem, and polynomial irreducibility.

CO3 | Students will be able to understand field extensions, algebraic and finite fields, and construct

finite fields using polynomials over Z_p.




CO4 | Students will be able to understand concepts of Galois theory, normal and separable
extensions, Galois groups, and applications to solvability.

CO5 | Students will be able to understand concepts of Galois module theory: Noetherian modules,
exact sequences, free and projective modules.

CO6 | Students will be able to understand concepts of structure of linear operators including Jordan
and rational canonical forms.

Syllabus
Module | Content Lectures
1. Group actions, Normalizer and centralizer, Class formula, Solvable and 05
nilpotent groups, Sylow’s theorems and applications
2. Principal Ideal Domains, Euclidean domains, Chinese Remainder Theorem 06
and applications, Irreducibility in polynomial rings.
3. Field extensions, Finite extensions, Algebraic elements and extensions, 06
Splitting fields, Finite fields and their characterization, Construction of finite
fields.
4. Normal and separable extensions, Fixed fields, Galois groups and extensions, 06

Fundamental theorem of Galois theory, Solvability by radicals, Insolvability
of quintics, Cyclotomic extensions.

5. Modules and Noetherian conditions, Noetherian rings, Hilbert Basis 06
Theorem, Short exact sequences, Free and projective modules, Zorn’s
Lemma and Axiom of Choice

6. Linear operators, Eigenvalues, Diagonalizability, Invariant subspaces, 06
Triangularizability, Annihilating polynomials, Primary decomposition,
Jordan and rational canonical forms, Jordan—Chevalley theorem

Texts/References:

1. Ramiji Lal, Algebra Vol I & 1l

2. Lidl and Niederreiter, Finite Fields and Applications.

3. Hoff man and Kunze, LinearAlgebra.

4. D S Dummit and Foote: Abstract Algebra, JohnWiley &sons

5. Patrick Morandi :Field and Galois Theory, Springer

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

7. P. B. Bhattacharya, S.K.Jain, S.R.Nagpaul: BasicAbstract Algebra.

Credits:

Course Code: Computational Algebraic Geometry

MAN17305 3-1-0: 4

Prerequisites: NIL

Course Objective: This course aims to introduce the foundational concepts of algebraic
geometry through the study of varieties, morphisms, and schemes. It develops understanding
of affine and projective varieties, dimension theory, and the role of the Zariski topology.
Students will explore the language of sheaves and their applications in geometry. It provides
categorical tools and morphism techniques essential for modern algebraic geometry. The
course prepares students for advanced topics including schemes, smoothness, singularities, and
cohomological methods.



Course Outcome

S.N. Outcomes

CO1 | Students will understand integral extensions, apply Going-up and Going-down theorems,
study valuation rings and discrete valuation rings (DVRs), and comprehend Noether
Normalization and dimension theory. They will also gain familiarity with affine algebraic
sets, algebraic varieties, and Hilbert’s Nullstellensatz.

CO2 | Students will learn the concept of regular morphisms, analyze the Zariski topology on
affine and projective spaces, identify irreducible components, and distinguish between
affine, quasi-affine, projective, and quasi-projective varieties. They will also study the
behavior of regular functions on these varieties.

CO3 | Students will understand the construction and properties of presheaves and sheaves,
define stalks and sheafification, work with subsheaves and morphisms of sheaves (push-
forward and inverse image), and learn how to glue local data. They will also study rings
of regular and rational functions.

CO4 | Students will understand the equivalence of categories in algebraic geometry, analyze
immersions, study constructible sets and Chevalley’s Theorem, and examine categorical
constructions such as products, coproducts, and diagonal morphisms. They will also
evaluate the structure of global regular functions.

CO5 | Students will learn embedding techniques including Segre and d-uple embeddings,
understand gluing of morphisms, and analyze properties of finite morphisms, closed
immersions, graphs of morphisms, and concepts of separatedness and properness in the
context of morphisms.

CO6 | Students will study the Zariski tangent space, differentiate between singular and non-
singular points, and analyze blow-ups and smooth morphisms. They will understand
Sard’s and Bertini’s theorems, and develop a foundational understanding of abstract
algebraic curves and affine schemes.

Syllabus

Module | Content Lectures

1. Integral extensions, Going-up and Going-down theorems, Valuation rings, 05
DVRs, Noether Normalization, Dimension theory, Affine algebraic sets,

Algebraic variety, Nullstellensatz.

2. Regular morphisms, Zariski topology on affine and projective spaces, 06
Irreducible components, Affine, quasi-affine, projective, and quasi-
projective varieties, Regular functions.

3. Presheaves and sheaves, Stalks, Sheafification, Subsheaves, Push-forward 06
and inverse image, Gluing, Ring of regular functions, Rational functions.

4. Equivalence of categories, Immersions, Constructible sets, Chevalley’s 06
Theorem, Products and coproducts, Diagonal morphisms, Global regular
functions.

5. Segre embedding, d-uple embedding, Gluing morphisms, Finite morphisms, 06
Closed immersions, Graph of a morphism, Separatedness, Proper
morphisms.

6. Zariski tangent space, Singular and non-singular points, Blow-ups, Smooth 06

morphisms, Sard’s Theorem, Bertini’s Theorem, Abstract curves, Affine
schemes.




Texts/References Books:

aprowNE

Shafarevich, Basic Algebraic Geometry

Cox-Little-O'SheaIdeals, 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.

Course Code: Differential Geometry Credits:
MAN17306 3-1-0:4

Prerequisites: NIL

Course Objective: This course aims to introduce the fundamental geometric properties of
curves and surfaces in Euclidean space. It develops an understanding of curvature, torsion, and
the Frenet-Serret framework for space curves. Students will analyze intrinsic and extrinsic
properties of surfaces using the Gauss map and fundamental forms. The course covers the

geometry

of geodesics, principal curvatures, and special classes of curves on surfaces. It also

introduces significant global results like the Gauss—Bonnet and Poincaré—Hopf theorems,
bridging local and global geometry.

Course Outcome

CO Outcomes

CO1 | Students will understand the geometry of curves in Euclidean space, compute curvature
and torsion, evaluate arc length and line integrals, and apply Frenet—Serret formulae
using tangent, normal, and binormal vectors.

CO2 | Students will analyze special curves such as helices, involutes, evolutes, and cycloids;
understand osculating circles and spheres; examine Bertrand curves; and study surfaces
in Euclidean space using vector fields, Gauss maps, and fundamental forms.

CO3 | Students will learn to compute curvature of curves on surfaces, determine principal
directions and curvatures, and study lines of curvature, conjugate and asymptotic curves,
isometric lines, and the Weingarten map.

CO4 | Students will derive and solve differential equations of geodesics, study geodesics on
surfaces of revolution, and understand geodesic curvature, torsion, the normal property
of geodesics, and Bonnet’s theorem.

CO5 | Students will revisit curvature in the context of parametrized surfaces, compute surface
curvatures, and understand and apply the Gauss—Bonnet and Poincare—Hopf theorems to
explore global geometric properties

Syllabus
Module | Content Lectures

1. Curves in Euclidean space, Curvature of plane curves, Arc length and line 05
integrals, Curvature and torsion, Tangent, normal, binormal vectors,
Frenet—Serret formulae.

2. Helix, Involutes and evolutes, Cycloid, Osculating circle and sphere, Locus 06
of spherical curvature center, Bertrand curves, Surfaces in Euclidean space,
Vector fields, Gauss map, First and second fundamental forms, Angle
between parametric curves.

3. Curvature of curves on surfaces, Principal directions and curvatures, Lines 06
of curvature, Conjugate curves, Asymptotic lines, Isometric lines,
Weingarten map.




Differential equations of geodesics, Geodesics on surfaces of revolution, 06
Normal property, Torsion of geodesics, Geodesic curvature, Bonnet
theorem.

Revisited curvature, Parametrized surfaces, Curvature of surfaces, Gauss— 06
Bonnet theorem, Poincaré—Hopf theorem.

Text Books/References:

ko E

Differential Geometry of Curves and Surfaces by M. Do Carmo, Prentice Hall,
Elementary Differential Geometry by B.O'Neill, Academic Press, New York
Differential Geometry: B. B. Sinha

Differential Geometry by J. J. Stoker, Wiley-Interscience,

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

o Gl Magnetogasdynamics and Hyperbolic Systems Clitaells:

MAN17307

3-1-0:4

Prerequisites: Basic concept of fundamental equations of motion

Course Objective: Magnetogasdynamics 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

CO

Outcomes

Co1

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.

CO5

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.




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 waves, 07
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. G.B. Whitham: Linear and Nonlinear waves, Jhon Wiley and Sons,INC New York,1973

Course Code: Credits:
Topology

MAN17308 3-1-0:4

Prerequisite- Basic ideas 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:

CO 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 T1, 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.

CO5 | 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.

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. Constructions of topological spaces: Subspace topology, hereditary 07
properties, product topology, productive properties, quotient topology.

3. Separation Axioms: Hausdorff spaces, regularity, complete regularity, 08
normality, Urysohn lemma, Tychonoff embedding theorem.

4. Connectedness: Connected spaces, Connected subspaces of the real line, 06
Components and local connectedness.

5. Compactness: Compact spaces, Heine-Borel Theorem, local-compactness. 05
Tychnoff theorem, one-point compactification.

6. Nets and filters: Convergence in terms of nets and filters, topology and 08

convergence of nets, filters and their convergence.

Texts/References Books:

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

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

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

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

5. J.R. Munkres, Topology : A First Course, Prentice —Hall, New Delhi.

6. G.F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill.

7. K.D. Joshi, Introduction to General Topology, New Age International Pvt. Ltd.




Course Code: Representation Theory Credits4

MAN17309 3-1-0:4

Prerequisites: Basic course in Algebra

Course Objective: This course introduces the fundamentals of linear representations of finite
groups over C, including FG-modules and key results such as Schur’s Lemma and Maschke’s
Theorem. It covers character theory, orthogonality relations, and construction of character tables
with applications. The course explores how representation theory reflects group structure, using
tools like Wedderburn’s and Burnside’s theorems. Advanced topics include tensor products,
symmetric and exterior powers, and induction and restriction of representations. It concludes
with an introduction to modular representations, Brauer characters, and their role in classification
through Grothendieck groups and related structures.

Course Outcomes

CcoO Outcomes

co1 Understand the basic framework of linear representations over C, FG-modules, and apply

Maschke’s Theorem and Schur’s Lemma.

Co2 Compute and analyze characters, use orthogonality relations, and construct character
tables for finite groups.

Cos3 Apply character theory to deduce structural properties of finite groups, including using
Wedderburn’s and Burnside’s theorems.

CO4 Perform operations such as tensor products, symmetric and exterior powers, and use

Frobenius reciprocity in restriction and induction.

CO5 Analyze arithmetic properties of character values using algebraic integers and construct
irreducible characters explicitly.

CO6 Study modular representations and Brauer characters, and apply modular orthogonality
and Grothendieck group methods to classification problems.

Syllabus

Module | Content Lectures

1. Unit I: Linear representations of finite groups over \mathbb{C}, Group 05
homomorphisms, FG-modules, Group algebra \mathbb{C}G, Semisimple
algebras, Schur’s Lemma, Maschke’s Theorem

2. Unit Il: Characters and properties, Conjugacy classes, Inner product of 06
characters, Irreducible characters, Orthogonality relations, Bilinear forms,
Character tables, Applications.

3. Unit 1ll: Representations and group structure, Character-theoretic 06
applications, Wedderburn’s Theorem, Decomposition of \mathbb{C}G,
Matrix summands, Normal subgroups, Burnside’s p”ag”b theorem

4. Unit IV: Tensor product of representations and characters, Symmetric and 06
exterior powers, Restriction and induction (Frobenius reciprocity), Lifting
representations, Number of simple characters.

5. Unit V: Algebraic integers, Character values, Divisibility of character 06
degrees, Normal subgroups and lifted characters, Explicit construction of
characters, Applications.

6. Unit VI: Modular representations, Brauer characters, Modular 06
orthogonality, Grothendieck groups, CDE triangle, Applications to
modular classification.




Texts/References Books:

1. Jean-Pierre Serre, Linear Representations of Finite Groups, Springer

2. Fulton and Harris, RepresentationTheory: A First Course, Springer

3. RamyjiLal, Algebra 2, Springer

4. 1. D. Macdonald, Character Theory of Finite Groups, Cambridge university press.

Course Code: Credits:

MAN17310 Financial Mathematics 3-1-0-4

Prerequisites: Engineering Mathematics-I, Engineering Mathematics-I1, Numerical Techniques
and Probability & Statistics.

Course Objective:

The course explores fundamentals of mathematical finances through basic concepts and some
important theories. Building on mathematical models of bond and stock prices, the course presents
theories lead in different directions like, Black—Scholes arbitrage pricing of options and other
derivative securities, Markowitz portfolio optimisation, the Capital Asset Pricing model, models
based on the principle of no arbitrage etc. that are major areas of mathematical finance, all having
an enormous impact on the way modern financial markets operate.

Course Outcomes:

CcO Outcomes

co1 | This module enables students to understand fundamental concepts of important financial
notions. This module will also demonstrate a clear understanding options contracts and
strategies for speculation and hedging

co2 | This module is aimed to provide an idea about Stochastic Differential Equations.

co3 | This module provides fundamental knowledge of interest rates and bond markets.

co4 | This module demonstrates a clear understanding of fixed income products, bond pricing PDE,
popular models for the spot rate, Calibration/yield curve fitting, and Multi-factor interest rate
modelling.

cos | This module enables students to understand exotic Options and Computational Finance. This
module demonstrates basic features and classification of exotics; and Monte Carlo technique for
derivative pricing.

Syllabus:
Module Content Lectures

1. Asset Pricing in Continuous Time: Fundamental concepts of important 12
financial notions such as returns, arbitrage, reserving, valuation, pricing,
asset/liability management, investment income, capital budgeting, and valuing
contingent cash flows. Concept of one period model, securities and their Par-
Offs, concept of no-arbitrage, Options contracts and strategies for speculation
and hedging.

2. Stochastic Differential Equations: Random Walks and Brownian Motion, 05

Concept of Stochastic Differential Equations (SDEs) - drift, diffusion, Ito
calculus: Itos Lemma, Ito Integral and Ito Isometry.

3. Interest Rates and Credit Modelling: Basic notions on interest rates and 05
bond markets. Short-rate models. Black-Scholes-Merton model:

Solution of the Black—Scholes Equation, Derivatives of Black—Scholes Option
Prices. Hazard function approach: hazard function and hazard rate.




4. Fixed-Income Products: Introduction to the properties and features of fixed 08
income products; yield, duration & convexity; yield curves & forward rates;
zero coupon bonds. Stochastic interest rate models; bond pricing PDE; popular
models for the spot rate (Vasicek, CIR and Hull & White); solutions of the
bond pricing equation. Calibration/yield curve fitting: the importance of
matching theoretical and market prices; time dependent one factor models (Ho
& Lee, extended Vasicek). Multi-factor interest rate modelling: Two-factor
Interest rate models and Bond pricing equation.

5. Introduction to Exotic Options and Computational Finance: Extensions, 09
including stochastic volatility models. The Feynman- Kac connection. Basic
features and classification of exotics. Barriers, Asians and Lookbacks. Solving
the pricing PDEs numerically using Explicit Finite Difference Scheme.
Introduction to Monte Carlo technique for derivative pricing.

Text/Reference Books:

1. Ales Cerny: “Mathematical techniques in Finance: Tools for incomplete markets”,
PrincetonUniversity Press

2. S.R. Pliska, “Introduction to Mathematical Finance: Discrete time models”

3. Karatzas and S. Shreve, “Methods of Mathematical Finance”, Springer, New York

4. MarekCapinski and Tomasz Zastawniak, “Mathematics for Finance: An Introduction to

Financial Engineering”, Springer, London

r : redits:
e Gt Computer Networks Sl

MAN17311 3-0-2:4

Prerequisites: C or Java Programming, Course in Algorithms, Course in Probability, Operating
System.

Course Objective: This course covers the concept of computer networks with the context of
Internet. It requires the prior knowledge communication foundations, computer organization,
basic algorithms, data structures and C programming. This course also covers the fundamental
principles, elements, and protocols of computer networks. The computer networks course
investigates the working of different protocols, need of the various protocols, and their
performance trade-offs. This course prepares foundations for wireless networks and distributed
systems. A lab course is also associated with the course of computer networks.

Course Outcome

CO Outcomes

CO1 | Build an understanding of the fundamental concepts of computer networking.

CO2 | Familiarize the student with the basic taxonomy and terminology of the computer
networking area.

CO3 | Student could analyze and evaluate different protocols and Internet components.

CO4 | Gaining practical experience in installation, monitoring, and troubleshooting of a network

CO5 | Students are capable to design an individual networks.

Syllabus
Module Content Lectures
1. Introduction, Fundamental requirements of network, OSI & TCP/IP model 06

2. Physical layer issues, Link layer, Medium Access protocols (IEEE 802.3) and 06
related issues

3. Network layer: IP and other protocols, Data and Control plane, Routing 06
protocols and LAN design.




&

Transport layer Protocols and related Issues 06

5. Basic client server architecture, introduction to different application layer 06
protocols like ftp, telnet, mail (SMTP), HTTP, DNS, DHCP and Peer to Peer
Communication.

Texts/References Books:

1. Kurose, James F. Computer networking A top-down approach featuring the internet, 3/E.
Pearson Education India, 2005.

2. Peterson, Larry L., and Bruce S. Davie. Computer networks: a systems approach. Elsevier,
2007. Forouzan, Behrouz A. "Data Communication and Networking, by McGraw." (2014).

3. Schmidt, Douglas, and Stephen D. Huston. C++ Network Programming, Volume I:
Mastering Complexity with ACE and Patterns. FT Press, 2001.

4. Lowe, Doug. Networking all-in-one desk reference for dummies. John Wiley & Sons, 2004.

5. Tanenbaum, Andrew S. "Computer networks." Prentice-Hall of India Private Limited, 2006.

Course Code: A ST Credits:

MAN17312 3-1-0:4

Prerequisites: Basic cryptographic techniques.

Course Objective: Objective of this course is to study some advance topics on cryptography such
as post quantum cryptography, secret sharing, identification schemes, key-agreement and key
distribution schemes, zero-knowledge protocols and their application in real world.

Course Outcome

CO Outcomes

CO1 | Understand the design of cryptosystems which are secure against quantum computer.

CO2 | Understand the cryptographic techniques for identification and their real world applications.

CO3 | Grasp the method to share a secret in a group of users.

CO4 | Design and analysis of some key distribution techniques.

CO5 | Understand different techniques for key-agreement used in cryptography.

CO6 | Understand how to proof a knowledge of any secret information without revealing it to the

verifier.
Syllabus
Module Content Lectures
1. Post-Quantum Cryptography: Lattice based cryptography, NTRU, GGH, 10

Code-based  cryptography, McEliece Cryptosystem, Multivariate
Cryptography, Hash-Based signature, Fully Homomorphic Encryption.

2. Identification Schemes: Passwords, Secure Identification Schemes, 08
Challenge -and-response in secret-key setting, Challenge-and-response in
Public-key-setting, The Schnorr Identification Schemes, the Feige-Fiat-
Shamir Identification scheme.

3. Secret Sharing : Principle of secret sharing, The Shamir Secret Sharing 02
scheme.
4. Key Distribution: Key Distribution, Diffie-Gellman Key Predistribution, 07

Session key Distribution Schemes, The Needham-Schroeder Scheme, The
Bellare-Rogaway Scheme, Re-keying and the Logical Key Hierarchy,
Threshold Schemes, Visual Threshold Scheme.




5. Key-Agreement Schemes: Transport Layer Security (TLS), Diffie- 07
Hellman Key Agreement, Key Derivation functions, MTI Key Agreement
Schemes, Deniable Key Agreement Schemes, Conference Key Agreement
Schemes.

6. | Zero Knowledge Protocol : Interactive Proof Protocols, Zero-knowledge 06

properties, perfect zero knowledge, honest-verifier zero-knowledge,
computational zero-knowledge, statistical zero-knowledge, zero-knowledge
proof, zero-knowledge argument,non-interactive zero-knowledge.

Reference Book-
1. Douglas R Stinson, Maura B Paterson, Cryptography: Theory and Practice, Fourth Edition,

CRC

Press, 2018.

2. Wenbo Mao, Modern Cryptography: Theory and Practice, Fifth Edition, Pearson Education,

2012

Course Code: ST EaiETe Credits:

MAN17313

3-1-0:4

Pre-requisites: Computer Networks, Operating Systems, Basic Programming Skills

Course Objective: The objective of this course is to provide students with in-depth and

comprehensive knowledge of fundamental issues, technologies, architectures, and security

challenges in Cloud Computing. It covers distributed computing models, virtualization

techniques, service models, cloud programming environments, and emerging cloud technologies.

The course aims to equip students with skills to program in various cloud platforms and

understand critical aspects like standards, security, and interoperability in the cloud ecosystem.
Course Outcome:

S.N. Outcomes

CO1 | Define the foundational concepts, characteristics, and evolution of cloud computing from
distributed systems.

CO2 | Identify and explain the architecture, service models (laaS, PaaS, SaaS), and deployment
models of cloud computing.

CO3 | Demonstrate knowledge of virtualization techniques, hypervisors, and resource
virtualization for efficient cloud management.

CO4 | Develop and deploy applications using cloud platforms like AWS, Microsoft Azure, and
Google App Engine.

CO5 | Analyze and evaluate security, privacy, compliance, and interoperability issues in cloud
computing environments.

Syllabus

Module Content Lectures

1. Introduction and Computing Models — Centralized and Distributed 08
computing, Cluster computing, Grid computing, Cloud Computing, key
challenges and service of Cloud Computing, Network based system
technologies, models and software environments for distributed and cloud
computing systems.

2. Cloud Virtualization — Cloud resources: Networking, API, Storage. 08
Deployment models of Cloud Computing, Cloud Virtualization: types,
hypervisors, VM migration. Resource virtualization (server, storage,
network).




3. Service Models and Cloud Platforms — laaS, PaaS, SaaS, and XaaS 08
models, Web services, Case studies of cloud platforms and management
tools.

4. Cloud Programming Environments - Distributed programming 08
paradigms. Application development on Amazon AWS, Overview of
emerging cloud environments.

5. Cloud Security and Standards — Cloud authentication, authorization, 08
accounting, Reliability, fault tolerance, provenance, metadata, privacy,
compliance. Cloud standards, interoperability, and federation.

Text books/Reference books

1. Kai Hwang, Geoffrey C. Fox and Jack J. Dongarra, Distributed and Cloud Computing:
From Parallel Processing to the Internet of Things, Morgan Kaufmann, Elsevier, 2012.

2. Barrie Sosinsky, Cloud Computing Bible, John Wiley & Sons, 2010.

3. Tim Mather, Subra Kumaraswamy, and Shahed Latif, Cloud Security and Privacy: An
Enterprise Perspective on Risks and Compliance, O'Reilly, 2009.

e Caok: High Performance Computing il

MAN17314 3-1-0:4

Pre-requisites: Linear Algebra, Numerical Methods

Course Objective: This course aims to introduce high performance techniques for solving
large-scale scientific computing problems. Students will learn about sparse matrix
computations, iterative methods, domain decomposition, parallel programming paradigms, and
accelerator-based computing using CUDA. Emphasis is given on algorithm development,
convergence analysis, and practical implementation using MPI, OpenMP, and GPU
programming.

Course Outcome:

S.N. Outcomes

CO1 | Understand storage schemes and solution techniques for sparse matrices derived from
discretized differential equations.

CO2 | Apply and analyze iterative methods including Krylov subspace techniques for solving
large linear systems.

CO3 Implement domain decomposition techniques using graph-based and spectral methods.

CO4 Develop parallel computing solutions using shared and distributed memory
architectures with MPI and OpenMP.

CO5 | Utilize GPGPU programming with CUDA to accelerate matrix computations and
scientific algorithms.

Syllabus
Module Content Lectures
1. Introduction to High Performance Computing (HPC), Applications of 08

HPC, Sparse Matrices — Discretization of differential equations, storage
schemes for sparse matrices, permutations and reorderings, direct solution
methods.

2. Iterative Methods and Convergence — SOR, steepest descent, conjugate 08
gradient, Arnoldi’s method, GMRES, symmetric Lanczos algorithm,
convergence analysis, block Krylov methods, ILU, multigrid.




3. Domain Decomposition — Schwarz algorithms, Schur complement, graph 06
partitioning, geometric and spectral methods.

4. Parallel Computing Architectures, shared/distributed memory, Fork joins 08
model, Thread scheduling, Load Balancing, Sync and critical section
Distributed Computing MPI: Multi-processing computing, Message
Passing Basics, performance metrics, parallelizing simple algorithms.

5. Collectives Accelerated Computing (GPU): GPU Programming, MPI and 06
OpenMP — Basic calls, domain decomposition-based parallel matrix
solvers.

6. CUDA Programming — GPGPU architecture, thread algebra, accelerating 04

matrix solvers using CUDA.

Text books/Reference books

=

Y. Saad, Iterative Methods for Sparse Linear Systems, SIAM.

B. Smith, P. Bjorstad, and W. Gropp, Domain Decomposition: Parallel Multilevel Methods
for Elliptic Partial Differential Equations, Cambridge University Press.

W. Gropp, E. Lusk, and A. Skjellum, Using MPI, MIT Press.

R. Barrett et al., Templates for the Solution of Linear Systems, SIAM.

D. Kirk and W. Hwu, Programming Massively Parallel Processors: A Hands-on
Approach, Morgan Kaufmann.

N
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Course Code: Blackehain Technology Credits:

MAN17315 3-1-0:4

Pre-requisites: Expertise in programming, basic knowledge of computer security,
cryptography, networking, and concurrent or parallel programming

Course Objective: This course introduces blockchain technology as a foundation for building
decentralized, verifiable, and tamper-resistant systems beyond cryptocurrency. Students will
explore cryptographic foundations, distributed consensus, smart contract platforms
(Ethereum), permissioned blockchains (Hyperledger), and blockchain security/privacy
challenges. Emphasis is placed on the implementation and evaluation of real-world
applications, using at least three blockchain platforms through intensive hands-on projects.

Course Outcome:

S.N. Outcomes

CO1 | Understand the need for distributed record-keeping, consensus, and adversarial models in
blockchain systems.

Co2 Apply cryptographic primitives and zero-knowledge proofs in the design and security
analysis of blockchain protocols.

cos Explain and evaluate the evolution of blockchain platforms from Bitcoin to Ethereum
and Hyperledger.

CO4

Design and develop smart contracts on public and permissioned blockchains for real-
world applications.

CO5 | Analyze privacy-preserving techniques and emerging research directions in blockchain,
including zk-SNARKS, sharding, and scalability.




Syllabus:

Module Content Lectures

1. Introduction to Blockchain, Blockchain applications, Blockchain rationale, 06
Tokanized and Token less Blockchain, Consensus, Byzantine Generals
Problem, Byzantine Fault Tolerance Fault Modeling, Atomic Broadcast.

2. Basic Crypto Primitives — Hash functions, Puzzle friendly Hash, Collision 08
resistant hash, digital signatures, public key crypto, Public and Private
Block chain, verifiable random functions, Zero-knowledge systems.

3. Bitcoin blockchain, Proof of work, Proof of stake, alternatives to Bitcoin 10
consensus, Ethereum and Smart Contracts, Block chain Data Structures,
Bitcoin scripting language and their use, The Turing Completeness of
Smart Contract Languages and verification challenges,

4. Distributed Ledgers, Hyperledger Fabric and its component- Chain code 08
design and implementation, Hyper ledger Fabric 11:-Beyond Chain code:
fabric SDK and Front End-Hyper ledger composer tool

5. Privacy, Security Issues in Blockchain— Pseudo-anonymity vs. anonymity, 08
Zcash and zk-SNARKS for anonymity preservation, attacks on
Blockchains — such as Sybil attacks, selfish mining, 51% attacks, advent of
Algorand, and Sharding based consensus algorithms to prevent these

Text books/Reference books

1. S. Shukla, M. Dhawan, S. Sharma, S. Venkatesan, ‘Blockchain Technology:
Cryptocurrency and Applications’, Oxford University Press, 2019.

2. Josh Thompson, ‘Blockchain: The Blockchain for Beginnings, Guide to Blockchain
Technology and Blockchain Programming’, Create Space Independent Publishing
Platform, 2017,

Course Code: Credits:

MAN17316 SHMEIES 3-1-0:4

Prerequisites: Probability & Statistics, Linear Algebra

Course Objective: This course aims to provide students with the theoretical and practical tools
of econometrics, covering linear regression, diagnostic testing, instrumental variable estimation,
panel data, simultaneous equations, and time series models. It prepares students to analyze real-
world economic data using modern econometric techniques and software.

Course Outcome

CO | Outcomes

CO1 | Understand and apply the fundamental principles of multiple linear regression and
diagnostic tests like heteroscedasticity and autocorrelation.

CO2 | Analyze and estimate regression models under complications such as measurement errors,
functional form misspecification, structural change, and stochastic regressors.




CO2

Apply estimation techniques including Instrumental Variables (1V), large sample methods,
and panel data models.

CO4

Formulate and estimate simultaneous equation models using techniques such as 2SLS,
LIML, FIML, and identify model structure through order and rank conditions.

CO5

Analyze dynamic and time series econometric models such as ARDL, VAR, ARCH,
GARCH, unit roots, co-integration, and Granger causality.

Syllabus

Module | Content Lectures

1.

Classical Linear Regression & Specification Issues: Brief review of 06
topics in Multiple Linear Regression Analysis, Econometric tests:
Heteroscedasticity, Autocorrelation, Restricted Regression, Errors in
Variables, Functional Form and Structural Change

Endogeneity and Instrumental Variables : Stochastic Regressors, 07
Instrumental Variable (IV) Estimation, Large Sample Properties of LS
Estimators, Large Sample Properties of IV Estimators, Applications and
interpretation

Panel Data and Multivariate Regression Systems : Panel Data Models: 07
Fixed and Random Effects, Systems of Regression Equations, Seemingly
Unrelated Regression Equations (SURE), Multivariate Multiple Linear
Regression, Estimation and applications

Simultaneous Equation Models: Structural and Reduced Forms, 08
Identification: Rank and Order Conditions, Indirect Least Squares, Two-
stage Least Squares (2SLS), Limited Information Maximum Likelihood
(LIML), k-class Estimators, Full Information Maximum Likelihood
(FIML)

Dynamic Models with Lagged Variables : Autoregressive Distributed 06
Lag (ARDL) Models, Vector Autoregressive (VAR) Models, Lag structure
and dynamic adjustments, Impulse Response (briefly introduced if time
allows)

Econometric Time Series Models : ARCH and GARCH Models, Unit 06
Root Tests, Co-integration (Engle-Granger concept), Granger Causality

Texts/References Books:

1.

w

o

Guijarati, D.N. & Porter, D.C. — Basic Econometrics, McGraw-Hill Education, 5"
Edition (2008)

Wooldridge, J.M. — Introductory Econometrics: A Modern Approach, Cengage
Learning 7th Edition (2020)

Greene, W.H. — Econometric Analysis, Pearson Education, 8th Edition (2018)

Judge, G.G. Griffiths, R.C. Hill, T. Lee and H. Lutkepohl: The Theory and Practice of
Econometrics, John Wiley, 1985.

Maddala, G.S.: Introduction to Econometrics, Third edition, John Wiley, 2002.
Johnston, J and DiNardo,J.: Econometric Methods, Fourth edition, McGraw Hill,
1997.




Course Code: Bayesian Analysis and Computing Credits:

MAN17317

3-1-0:4

Prerequisites: Probability and Statistics, Basic Programming (Python/R)

Course Objective: This course provides a comprehensive understanding of Bayesian inference,
including theoretical foundations, prior elicitation, posterior computation, Bayesian regression
modeling, hierarchical models, and advanced computational methods. Emphasis is placed on
both analytical derivations and modern computational approaches using R and JAGS.

Course Outcome

CO Outcomes

co1 Explain and apply univariate, multivariate, and conditional probability concepts;
compute posterior predictive distributions; summarize posterior distributions.

CO2 | Understand conjugate priors; derive posterior distributions for discrete, continuous, and
normal models; identify prior—posterior relationships.

CO3 | Select and implement priors; perform deterministic computations; apply Gibbs sampling,
Metropolis—Hastings, and MCMC diagnostics.

CO4 | Implement Bayesian hypothesis tests, BLR, GLMs, REMs, and nonparametric Bayesian
models using R—JAGS.

CO5 | Compare models using Bayes factors, model averaging, CV, and information criteria;
perform posterior predictive checks.

CO6 | Build hierarchical Bayesian models; handle missing data; apply to real datasets; address
bias issues; use decision theory and simulation studies.

Syllabus:

Module Content Lectures
1. Univariate and multivariate probability distributions, conditional 06
distributions, posterior predictive distribution, univariate and multivariate

posterior summarization, problem set discussion.

2. Importance  of  conjugate  priors;  posterior  derivations  for 06
univariate/multivariate discrete, continuous, and normal distributions under
conjugate priors.

3. Prior elicitation, mixture priors, Jeffreys’ priors, other objective priors; 06
deterministic computations, Gibbs sampling, Metropolis—Hastings, MCMC
convergence diagnostics, problem set discussion.

4. R and JAGS essentials; Bayesian hypothesis testing; one-sample & two- 08
sample t-tests; Bayesian linear regression (BLR) & Bayesian LASSO; BLR,

GLMs, REMs implementation in R-JAGS; nonparametric Bayesian
regression with R—JAGS.

5. Bayes factor, stochastic search variable selection, Bayesian model averaging; 06
CV, K-CV, DIC, WAIC with R-JAGS; posterior predictive checks.

6. Hierarchical models & DAGs; missing data handling; hierarchical model 08
illustrations; case studies; sampling issues, selection bias, measurement
error; decision theory, bias—variance trade off; asymptotic & simulation
studies.

Texts/References Books:
1. Bayesian Statistical Methods by Brian J. Reich, Sujit K. Ghosh. Published in 2019, by
Chapman and Hall/CRC (this book will be mainly followed).




2. Bayesian Essentials with R by Jean-Michel Marin and Christian P. Robert. Published in 2014,
by Springer.

3. Richard McElreath, Statistical Rethinking: A Bayesian Course with Examples in R and Stan,
2nd Ed., CRC Press, 2020.

4. A First Course in Bayesian Statistical Methods by Peter D. Hoff. Published in 2009, by
Springer.

5. An Introduction to Bayesian Analysis by Jayanta K. Ghosh, Mohan Delampady, Tapas
Samanta. Published in 2006 by Springer (printed Indian edition available).

6. Gelman, A., Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., & Rubin, D. B. (2013).
Bayesian Data Analysis (3rd ed.). CRC Press.

7. Hoff, P. D. (2009). A First Course in Bayesian Statistical Methods. Springer.

Course Code: Statistical Computation and Simulation Credits:

MAN17318 3-1-0:4

Prerequisites: Probability and Statistics, Linear Algebra, Basic Programming (Python/R)

Course Objective: The course introduces new and fundamental computational tools in Statistics.
Focus is on the simulation and optimization techniques most often used in statistics. The course will
balance both the theory and the practical implementation of the computational topics.

Course Outcome

CcO Outcomes

CO1 | Implement pseudorandom number generators and simulate discrete/continuous random
variables using various transformation methods.

CO2 | Apply importance sampling and Monte Carlo methods for probability estimation and
integration.

CO3 | Utilize optimization algorithms for regression, classification, and statistical modeling.

CO4 | Implement EM, MM, and stochastic optimization methods for complex models including
mixture distributions.

CO5 | Apply Bayesian inference using Metropolis-Hastings and evaluate convergence of MCMC

algorithms.
Syllabus
Module Content Lectures
1. Pseudorandom Number Generators: Linear Congruential, Mersenne Twister, 08

properties, and testing. Generating Random Variables: Discrete: Inverse
Transform Method; Continuous: Inverse Transform, Accept-Reject Method,
Box-Muller Transformation (Normal variables), Ratio-of-Uniforms Method.

2. Monte Carlo estimation and variance reduction, Importance Sampling: 07
Simple and Weighted, Applications in rare-event probability estimation,
Practical efficiency comparisons between sampling methods.

3. Review of Optimization Concepts: Convexity, Duality, KKT Conditions. 09
Optimization Algorithms: Newton-Raphson, Gradient Ascent, Coordinate
Ascent. Least Squares & Optimization in Regression: Linear Regression,
Ridge, Lasso, Bridge. Logistic Regression, Least Angle Regression (LARS).
Model Evaluation: Cross-Validation, Bootstrap.

4. Majorization-Minimization (MM) Algorithm, Expectation-Maximization 08
(EM) Algorithm, Application: Mixture of Gaussians. Non-Convex
Optimization:  Stochastic Gradient Ascent, Simulated Annealing.
Applications to clustering, density estimation, and non-linear modeling.




5. Bayesian Models: Prior, Posterior, Likelihood concepts. Markov Chain 08
Monte Carlo (MCMC) methods: Metropolis-Hastings Algorithm, Gibbs
Sampling basics. Applications in Bayesian parameter estimation and model
comparison. Convergence diagnostics and mixing analysis.

Texts/References Books:

1. Ross, S. M. (2012). Simulation (5th ed.). Academic Press
2. Robert, C. P., Casella, G., Casella, G. (2004). Monte Carlo StatisticalMethods. New York:
Springer.
3. Boyd, S., Boyd, S. P., Vandenberghe, L. (2004). Convex optimization.Cambridge
university press.
4. James, G., Witten, D., Hastie, T., Tibshirani, R. (2013). An Introductionto Statistical
Learning. New York: springer.
5. Efron, B., Tibshirani, R. J. (1994). An Introduction to the Bootstrap. CRC press.

Course Code: Actuarial Mathematics Credits:

MAN17319 3-1-0:4

Prerequisites: Probability and Statistics, Financial Mathematics, Basic Calculus

Course Objective: To provide students with the theoretical foundation and practical tools for
evaluating and managing financial risks related to life insurance and pension schemes, using
mathematical and statistical models.

Course Outcome

CcoO Outcomes

CO1 | Understand the fundamentals of time value of money, interest rates, and annuities.

CO2 | Apply mortality theory and actuarial functions in life insurance calculations.

CO3 | Analyze life insurance products, annuities, and cash flow structures.

CO4 | Compute net and gross premiums for various insurance contracts.

CO5 | Apply actuarial techniques to solve real-world insurance and pension problems.

Syllabus

Module Content Lectures

1. Nominal and effective interest rates; Discount and force of interest; Present 07
and accumulated value calculations; Level, increasing, and varying
annuities (immediate and due).

2. Concepts of survival time; Probability distributions of survival time; 07
Mortality laws (Gompertz, Makeham); Actuarial functions of mortality;
Construction and use of mortality tables.

3. Life insurance contracts: term, whole life, and endowment; Life annuities: 09
immediate and due; Present value random variables for life insurance and
annuities; Cash flows associated with life-contingent contracts.

4. Principle of equivalence; Net single and net annual premiums; Gross 08
premiums with expense loadings; Premium calculation for term, whole life,
and endowment policies; Premium reserves.

5. Relationship between life insurance and annuities; Premium refund 09
policies; Deferred annuities and insurance contracts; Practical valuation
problems; Basics of risk management in life insurance.




Texts/References Books:

1. Arjun K. Gupta and Tamas Varga, An Introduction to Actuarial Mathematics, Vol.

14. Springer Science & Business Media, 2013.

S. David Promislow, Fundamentals of Actuarial Mathematics, Wiley, 2015.

3. Bowers, N. L., Gerber, H. U., Hickman, J. C., Jones, D. A., & Nesbitt, C. J., Actuarial
Mathematics, Society of Actuaries.

4. Dickson, D. C. M., Hardy, M. R., & Waters, H. R., Actuarial Mathematics for Life
Contingent Risks, Cambridge University Press.
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