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The Program Educational Objectives (PEOs)
of

Dual Degree (B.Tech.-M.Tech.) in Mathematics and Computing

Provide a strong foundation in fundamental and advanced areas of mathematics,
integrated with computational techniques and programme-specific knowledge, to

PEO1 enable graduates to model, analyse, and solve complex problems in mathematics and
allied interdisciplinary domains.
Demonstrate professional competence and leadership in academic, industrial, and
PEO2 interdisciplinary organisations by using technologies, analytical thinking, and
problem-solving abilities.
Foster advanced research, innovation, and interdisciplinary problem-solving abilities,
enabling graduates to contribute to developments in mathematics and computing and
PEO3

to take on mentorship and leadership roles.
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Programme Outcomes (POs) & Programme Specific Outcomes (PSOs)
of Dual Degree (B.Tech.-M.Tech.) in Mathematics and Computing

PO1

Engineering Knowledge: Apply foundational and advanced knowledge of Mathematics,
Science and Engineering to formulate and solve complex problems.

PO2

Problem Analysis: Identify, formulate, research, and analyze complex engineering,
mathematical, and computational problems, reaching substantiated conclusions using
mathematical knowledge.

PO3

Design and Development of Solutions: Design solutions for complex engineering problems
and develop systems, models, or processes that meet specified needs with due consideration
to health, safety, ethics, and environment.

PO4

Conduct Investigations of Complex Problems: Use research-based knowledge and
analytical methods, including mathematical modelling, computational experimentation, data
analysis, and synthesis of information, to investigate complex problems and draw valid
conclusions.

PO5S

Modern Tool Usage: Use modern software tools, programming languages, and computational
platforms for scientific and mathematical computing.

PO6

The Engineer and the World: Incorporate awareness of societal, health, safety, legal, and
cultural issues to make responsible decisions in professional engineering practice.

PO7

Ethics: Understand and apply ethical principles and commit to professional integrity, ethics
and responsibility.

PO8

Individual and Collaborative Team Work: Function effectively as an individual, and as a
member or as a leader in multidisciplinary teams and diverse groups.

PO9

Communication: Communicate complex mathematical and computational ideas effectively
through reports and documentation, deliver impactful presentations, and exchange precise
and constructive instructions.

PO10

Project Management and Finance: Demonstrate knowledge and understanding of
mathematical, computational, and management principles, and apply these effectively while
working as a member or leader in a team to manage projects in multidisciplinary environments.

PO11

Lifelong Learning: Recognize the importance of, and engage in independent and lifelong
learning for continual development of professional knowledge and skills in the chosen field to
adapt to technological changes.

PSO1

Mathematical Modelling and Analysis: Formulate real-world phenomena as mathematical
models, analyse them using theoretical and numerical techniques, and interpret the outcomes
in practical and scientific contexts.

PSO2

Advanced Computational Techniques: Design and implement efficient computational
algorithms and software solutions using modern programming tools and high-performance
computing platforms, tailored for applications such as mathematical modeling, data analysis,
cryptography, and other computational tasks.
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CURRICULUM

Total credits for completing B.Tech. in Mathematics and Computing: 151.
Total credits for completing Dual degree (B.Tech.- M.Tech.) in Mathematics and Computing: 193.

COURSE CATEGORIES AND CREDIT REQUIREMENTS:

The structure of B.Tech. programme shall have the following course categories:

Sl. No. [Course Category Number of Courses Minimum Credits

1. Institute Core (IC) 8 22
Program Core (PC) and Program

2. |Electives (PE) 27 83

3. Open Electives (OE) 8 24
Institute Electives (IE)

4. (Entrepreneurship Innovation (EI) + 6 18
Digital/Automation Technologies (DA) +
Humanities, Social Science, Management
(HM) )

5. Activity Credits (AC) -- 4

Total Credit Requirement for B.Tech . 151

The structure of M.Tech. programme shall have the following course categories:

Sl. No. Course Category Number of Courses Minimum Credits
1. | Program Cores (PC) 5 34
2. | Program Electives (PE) 2 06
3. | Institute Electives (IE) 1 02
Total Credit Requirement for M.Tech . 42

Grand Total Credit Requirement for Dual Degree(B.Tech-M.Tech.)

(151+42)=193

COURSE REQUIREMENTS: The effort to be put in by the student is indicated in the tables below as

follows:

L: Lecture (One unit is of 50 minutes duration)
T: Tutorial (One unit is of 50 minutes duration)
P: Practical (One unit is of one hour duration)
O: Outside the class effort/self-study (One unit is of one hour duration)

1. INSTITUTE CORE (IC)

a) Mathematics

SI. No. Course Code |[Course Title L T P (0] Credits
1. MA1002E Mathematics | 3 1* 0 5 3
2. |MA1012E Mathematics I 3 1* 0 5 3
3. |MA2002€ Mathematics Il 3| 1 [ of s 3
4. |MA2012E Mathematics IV 3 1* 0 5 3
Total 12 4* 0 20 12
*Optional for Students (can be replaced by self-study)
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b) Basic Sciences and Drawing

Sl. No. | Course Code [Course Title T P Credits
1. |PH1001E Physics of Materials 0 1 0] 6 3
2. |BT1001E Biology for Engineers 3 0 0 6 3
Total 6 0 0 12 6
c) Professional Communication and Professional Ethics
Sl. No. [Course Code |Course Title L T P O | Credits
1. MS1001E Professional Communication 3 0 0 6 3
2. IMA2007E Professional Ethics 1 0 0] 2 1
Total 4 0 0 8 4
2A. PROGRAMME CORE (PC) FOR B. Tech.
Sl. No. Course Code [Course Title L T P (0] Credits
1. MA1006E Computer Programming Using C++
|MA1007E Discrete Mathematics
|MA1 008E Number Theory 3 0 o | 6 3
4. |MA1091 E Programming Laboratory 1 0 3 5 3
5  [mA1014E  [Algebra 3| o | of s 3
6. |MA10‘I 5E Data Structures and Algorithms 3 0 0 6 3
7. |MA1016E Problem Solving Using Python 3 0 0 6 3
8. |MA1092E Data Structure and Algorithms y 0 3 5 3
Laboratory
0. MA2008E [Theory of Computation 3 0 0 6 3
10. MA2009E Numerical Methods 3 1 5
. MA2010E Database Management Systems 3 0 0 6 3
12. MA2091E Database Management Systems
1 0 3 5 3
Laboratory
13. MA2017E Opt|m|zgt|on Techniques and 3 0 0 6 3
Applications
14. MA2018E Differential Equations 3 0 0 6 3
15. MA2019E Design and Analysis of Algorithms 3 0 0 6 3
6. [MA2020E Principles of Artificial Intelligence 3| of of s 3
17. MA2092E Design and Analysis of Algorithms
1 0 3 5 3
Laboratory
MA3001E Statistical Methods and Data
18. Analytics 3 0 0 6 3
19. MA3002E Metric Spaces 3 0 0 6 3
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20, [MA3003E Introduction to Machine Learning 3 0 0 6 3
21 MA3091E Machine Learning Laboratory 1 0 3 5 3
22. [MA3092E Project Part | o| of of o 3
23.  [MA4091E Summer Internship 0 0 0 6 2
Total 68
2B. PROGRAMME CORE (PC) FOR M. Tech.
Sl. No.| Course [Course Title | L | T | P | o Credits
Code

1. [MA5001E |Finite Element Method 3 0 0 6 3

2. IMA5002E |Advanced Machine Learning 3 0 0 6 3

3. |[MA5003E Big Data Analytics 3 0 0 6 3
4. |IMA5091E |Master’s Project-IV - - - 30 10

5. |MAS5092E Master’s Project-V - - - 45 15
Total 34

2C. LIST OF ELECTIVES

Students can take electives from the proposed list of the categorised electives. The list will be in
modification from time to time to include new discipline electives.

Categories

Sl [Course |65rse Title L{T|P|O CreditJ
No. [Code

PE El DA | HM

Entrepreneurship and Innovation

1 |E2001g  [nnovationand 3l o|o| 6| 3 N | Y| N]|N
: Entrepreneurship

Analysis and Geometry

2. MA3021E |Real Analysis 3 0 0 6 3 Y N N N
3. MA3022E ([Topology 3 0 0 6 3 Y N N N
4, MA3023E |Measure Theory 3 0 0 6 3 Y N N N
5. MA3024E |Functional Analysis 3 0 0 6 3 Y N N N

6. MA4021E [Differential Geometry 3 0 0 6 3 Y N N N

7. MA4022E |Operator Theory 3 0 0 6 3 Y N N N

8. MA4023E |Algebraic Topology 3 0 0 6 3 Y N N N
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9. MA4024E |Approximation Theory 3 0 0 6 3 Y N N
Discrete Mathematics

10. |MA3025E |[Field Theory 3 0 0 6 3 Y N N

11. |[MA3026E |(Graph Theory 3 0 0 6 3 Y N N

1o [Ma3027E [rdvanced Linear slo|lo|le| 3| Y| N|N
. Algebra

13, MA3028g [Representations of s|oflole]| 3| Y| N[N
: Finite Groups

14. [MA3029E (Cryptography 3 0 0 6 3 Y N N

15. [MA4025E [Fuzzy Graph Theory 3 0 0 6 3 Y N N

16 MA4026E | Analytic Number 3 0 0 6 3 Y N N
' Theory

17. [MA4027E (Elliptic Curve 3 0 0 6 3 Y N N

Numerical and Scientific Computing

18 MA3030E Topics in Fractional 3 0 0 6 3 v N v

: Calculus
Computational

19. [MASO3TE Techniques for PDEs 3 S L 3 Y N Y

20. [MA4028E |Deep Learning 3 0 0 6 3 Y N Y

o1 MA4029E Mathgmatlcgl Modelling 3 0 0 6 3 v N v
. and Simulations

9p  [MA4030E gomp”.tat'c’”a' Fluid 3 lol1|ls| 3| v | N]|YVY
: ynamics

Numerical Methods in
23, [MA4031E Quantitative Finance 3 0 0 6 3 Y N Y
Probability and Operations Research

24 [MA3032E |Regression Analysis 3 0 0 6 3 Y N Y

25.  [MA3033E [Software Reliability 3 0 0 6 3 Y N Y

06, [MA3034E [PeSOnand Analysisof) 5 | g | o | 6 | 3 | v | N | Y
. xperiments
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07 [MA3035E gtatlstlcal Analysis With 3 0 0 6 3 Y N v N

s [MA4032E Statistical Reliability 3 0 0 6 3 v N v N
: Theory

g [MA4033E Multlvquate Statistical 3 0 0 6 3 v N v N
. Analysis

30, [MA4034E I§tatlst|c_al Digital Signal 3 0 0 6 3 v N v N
: rocessing

31. [MA4035E [Time Series Analysis 3 0 0 6 3 Y N Y N

3. OPEN ELECTIVES (OE)

Courses offered by other Departments/Schools/Centres or Institute Approved Online Platforms, with a
limit on the maximum number of courses from such platforms specified as per B.Tech. Ordinances and
Regulations. In addition, all PE courses except Projects offered by the Mathematics Department shall be
permitted to be included in this category for students of B.Tech. in Mathematics and Computing.

4. INSTITUTE ELECTIVES (IE)
In case of the Institute Electives, courses in the appropriate categories offered by other

departments/schools/centres also can be credited instead of the courses offered by the Department of
Mathematics, subject to the approval from the Course Faculty and Faculty Advisor.

a. Entrepreneurship/Innovation Basket (El):
Courses proposed by the Departments/Schools/Centres and approved by Institute Innovation Council.
Total credits required is three.

b. Digital Automation Technologies (DA):
Courses related to programming / automation tools & techniques/Industry 4.0. Total credits required is six.

c. Humanities, Social Science, Management (HM):
Courses such as Indian and Foreign languages, Economics, Engineering Management, Financial
Management and Design Thinking. Total credits required is nine.

5.ACTIVITY CREDITS (AC)

A minimum of 80 Activity Points are to be acquired for obtaining the 4 Activity Credits required in the
curriculum.

Activity points acquired should be a minimum of 20 at the end of S4.
Activity points acquired should be a minimum of 40 at the end of S6.

6. MINOR COURSES (MC)

Applicable only for those students opting for the minor programme. A total of four courses (12-16 credits)
are required to be credited from 4th semester to 7th semester.
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PROGRAMME STRUCTURE
Semester |
1.
flo. el Course Title L T P O | Credits |Category]
1. [MA1002E Mathematics | 3 1 0 3 IC
5 PH1001E  [Physics of Materials 3 (0] 0| 6 3 IC
3. [MS1001E Professional Communication 3 0 0 6 3 IC
4. IMA1006E Computer Programming Using 3 0 0 6 3 PC
C++
5. [MA1007E Discrete Mathematics 3 0 0 6 3 PC
6. MA1008E Number Theory 0 0 PC
7. MA1091E Programming Laboratory 1 0 3 5 3 PC
Total 19 1 3 40 21
Semester Il
SI. C Cod
No. ourse Lode Course Title L T P O | Credits |Category
1. [MA1012E Mathematics Il 3 1* 0 5 3 IC
2 [BT1001E Biology for Engineers 3 0 0 6 3 IC
3. [MA1014E Algebra 3 0 0 6 3 PC
4. IMA1015E  |Data Structures and Algorithms 3 0 0 6 3 PC
5. [MA1016E  |Problem Solving Using Python 3 0 0 6 3 PC
6. |MA1092E Data Structures and Algorithms 1 0 3 5 3 PC
Laboratory
Total 16 1 3 34 18
Semester ll
SI. C Cod
No. ourse Lo eCourse Title L T P O | Credits [Category
1. |MA2002E Mathematics Il 3 1* 0 5 3 IC
2. |[MA2007E  [Professional Ethics 1 0 0 2 1 IC
3. [MA2008E  [Theory of Computation 3 0 0 6 3 PC
4. |MA2009E Numerical Methods 3 0 1 5 3 PC
5. |MA2010E Database Management Systems 3 0 0 6 3 PC
6. |MA2091E Database Management Systems 1 0 3 5 3 PC
Laboratory
7. DA Elective-1 3 0 0 6 3 DA
Total 17 1 4 35 19
Semester IV
Sl. C
No. ng;se Course Title L T P O | Credits |Category
1. |MA2012E |Mathematics-IV 3 1* 0 5 3 IC
5 IE2001E Innovation and Entrepreneurship 3 0 0 6 3 El
3. |MA2017E |Optimization Techniques and 3 0 0 6 3 PC
Applications
4. |MA2018E |Differential Equations 3 0 0 6 3 PC
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5. [MA2019E |Design and Analysis of Algorithms 3 0 0 6 3 PC
6. |MA2020E [Principles of Atrtificial Intelligence 3 0 0 6 3 PC
7. [MA2092E |Design and Analysis of Algorithms 1 0 3 5 3 PC
Laboratory
8. Minor Course-1 3 0 0 6 3 MC
Total (Excluding the Minor Courses) 19 1 3 40 21
Semester V
Sl- No[Course Code Course Title L T P O | Credits |[Category
1. |MA3001E Statistical Methods and Data 3 0 0 3 PC
Analytics
2. |MA3002E Metric Spaces 3 0 0 6 3 PC
3. |MA3003E Introduction to Machine Learning 3 0 0 6 3 PC
4. MA3091E Machine Learning Laboratory 1 0 3 5 3 PC
5. DA Elective-2 3 0 0 6 3 DA
6 Humanities Elective - 1 3 0 0 6 3 HM
O Elective - 1 3 0 0 6 3
7 pen Elective OE
8. Minor Course-2 3 0 0 6 3 MC
Total (Excluding the Minor Courses) 19 0 3 41 21
Semester VI
I. No.
Sl- No.|Course Code Course Title L T P O | Credits Categor)j
1. Program Elective -1 3 0 0 6 3 PE
2. Program Elective -2 3 0 0 6 3 PE
3. Humanities Elective - 2 3 0 0 6 3 HM
4. Open Elective - 2 3 0 0 6 3 OE
5. Open Elective - 3 3 0 0 6 3 OE
6 Open Elective - 4 3 0 0 6 3 OE
7. |MA3092E Project Part | 0 0 0 9 3 PC
8. Minor Course-3 3 0 0 6 3 MC
Total (Excluding the Minor Courses) 18 0 0 45 21
Semester Vi
SI. C Cod
No. ourse Lo eCourse Title L T P O | Credits |Category
1. Humanities Elective - 3 3 0 0 6 3 HM
2. Open Elective - 5 3 0 0 6 3 OE
3. Open Elective - 6 3 0 0 6 3 OE
4. Open Elective - 7 3 0 0 6 3 OE
5. Open Elective - 8 3 0 0 6 3 OE
6. [MA4091E Summer Internship# - - - 6 2 PC
7. MA4O92E  Ioriect Part I N T 3 PE
8. Minor Course-4 3 0 0 6 3 MC
Total (Excluding the Minor Courses) 15 0 0 45 20 --
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# Summer Internship (including the academic internship) is to be completed during the vacation after S6,
and the evaluation will be done in S7. Working hours will be decided by the organization in which the

internship is done.
Semester VIl
.
ﬁo. el il Course Title L T O | Credits Categor)J
MA4093E Project Part 11l - - 18 6
1 PE
5 MA4094E Activity Basket to have a - - 4 c
: minimum of 80 points B A
3 Minor Course-4 3 0 6 3 MC
Total(Excluding the Minor Courses) 0 0 18 10 -
Semester IX
Sl. No/Course Code Course Title | L | T | O | Credits|Category
1. MAS5001E Finite Element Method 3 0 6 3 PC
2. MAS5002E Advanced Machine Learning 3 0 6 3 PC
. : PC
3. MAS003E Big Data Analytics 3 0 6 3
4, MAS5091E Master’s Project-IV - - 30 10 PC
5. Institute Elective 2 0 4 2 IE
Total [ 11 [ o | 52 21 -
Semester X
SI. No.[Course Code Course Title | L | T | O | Credits|Category
MAS092E Master’s Project-V - - 45 15
1. PC
Program Elective-3 3 0 6 3
2. PE
3 Program Elective-4 3 0 6 3 PE
Total | 6 | o | 57 21 -
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DETAILED SYLLABI
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MA1002E MATHEMATICS |

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall fundamental concepts of limits, differentiation, integration, and vector calculus.
CO2: Evaluate limits, continuity, differentiability, and integrals of single and multivariable functions.
CO3: Analyze extrema, coordinate transformations, and geometric properties of curves and surfaces.

CO4: Analyze vector fields using divergence, curl, and the theorems of Green, Gauss, and Stokes.

Functions of One Variable: (13 Lecture Sessions)

Limit, continuity, differentiability, local maxima and local minima, mean value theorem, Taylor's theorem,
L'Hopital’s rule, integration, fundamental theorem of calculus, volume, area, improper integrals, gamma
and beta functions, parameterised curves in space, arc length, tangent and normal vectors, curvature and
torsion.

Functions of Several Variables: (13 Lecture Sessions)

Limit, continuity, partial derivatives, partial differentiation of composite functions, directional derivatives,
gradient, local maxima and local minima of functions of two variables, critical point, saddle point, Taylor’s
formula for two variables, Hessian - second derivative test, method of Lagrange multipliers, evaluation of
double integrals, improper integrals, change of variables, Jacobian, polar coordinates, triple integral,
cylindrical and spherical coordinates, mass of a lamina, center of gravity, moments of inertia.

Vector Field: (13 Lecture Sessions)

Divergence, curl, identities involving divergence and curl, scalar potential, line integral, independence of
path, irrotational and solenoidal vector fields, Green’s theorem for plane, parameterized surface, surface
area and surface integral, flux, Gauss’ divergence theorem, Stokes' theorem.

References:

—_

H. Anton, |. Bivens and S. Davis, Calculus, 10" edition, John Wiley & Sons, 2015.

G. B. Thomas, M. D. Weir and J. Hass, Thomas’ Calculus, 12" edition, Pearson Education, India,
2015.

E. Kreyszig, Advanced Engineering Mathematics, 10" edition, John Wiley & Sons, 2015.

T. M. Apostol, Calculus , 1% edition, Wiley, 2014.

M. Spivak, Calculus, 4th edition, Cambridge University Press, 2008.

S. Colley, Vector Calculus, Pearson Education, 2011.

N

o0k w
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PH1001E PHYSICS OF MATERIALS

Pre-requisites: Nil LIT|(P]O]|C

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the fundamentals of quantum mechanics.
CO2: Apply quantum mechanics to electrons in crystals and study the formation of bands in solid.
CO3: Apply quantum mechanics and study the electrical properties of solids.

CO4: Explain conductivity in semiconducting materials and influence of dopants on conductivity.

Quantum Mechanics:

Wave-particle duality, de Broglie waves, group and phase velocity, Davison-Germer experiment,
uncertainty principle, properties and significance of wave function, Schrodinger’s wave equation, steady
state equation, applications to a free particle and particle in a box.

Band theory of solids:
Electrons in periodic potential, origin of band in solid, Bloch theorem, Kronig-Penny model (qualitative),
E-k diagram for free electron and electrons in periodic potential, one dimensional zone scheme, band

gap.

Electrical conductivity:

Classical electron theory, conductivity, factors affecting resistivity, quantum mechanical consideration,
Fermi energy and Fermi Surface, Fermi distribution function, density of states, effective mass of
electrons.

Semiconductors:
Intrinsic and extrinsic semiconductors, carrier concentration in n and p types semiconductors, Fermi level,
temperature dependence of electrical conductivity, variation of Fermi level with temperature.

References:

1. A. Beiser, Concepts of Modern Physics, 6th edition, McGraw Hill, 2009.

2. K. Krane, Modern Physics, 4th Indian edition, Wiley, 2021.

3. R. E. Hummel, Electronic Properties of Materials, 4th edition, Springer, 2014.

4. M. A. Wahab, Solid State Physics — Structure and Properties of Materials, 3rd edition, Narosa, 2015.
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MS1001E PROFESSIONAL COMMUNICATION

Pre-requisites: Nil LiTlPlo

Total Lecture Sessions: 39

Course Outcomes:
CO1: Distinguish the role and purpose of communication at the workplace and for academic purposes.

CO2: Decide strategies and modes for effective communication in a dynamic workplace.

CO3: Combine multiple approaches for successful and ethical information exchange.

CO4: Estimate best communication practices to assist productivity and congeniality at the workplace.
Listening and Reading Comprehension:

Conversation starters: Introductions and small talk, seek and provide information, clarification, polite
enquiries, requests, congratulate people, apologise, give and respond to feedback, describe graphs,
tables, and charts, words often confused: lexicon and meaning, sense groups, listening for specific
purposes: listening to lectures, summarise academic lectures for note-taking, appropriate language to
request and respond, public speaking.

Vocabulary and Speaking:

Developing professional vocabulary, basic sentence structures from reading texts, concord, functions of
auxiliary verbs and modals, strategies for effective reading, skimming and scanning, determine themes
and main ideas, predicting content using photos, images and titles, critical reading: discussing and
summarising text points, understanding text structures: sequencing, comparing and contrasting, relating
cause and effect, problems and problem-solving, discussing rhetorical and cultural aspects in texts - text
appreciation: drawing inferences, framing opinions and judgments on reading Text.

Effective Writing:

Note Making and Summarising: prepare notes from reading texts, paraphrasing, use of multimedia for
assistive purposes, paragraph writing: cohesive devices to connect sentences in a paragraph, transitional
devices, use text structures in paragraphs: sequencing, comparing and contrasting, relating cause and
effect, problems and problem-solving, avoiding ambiguity and cleft sentences, applications, writing
instructions, descriptions and explanations, official letters of request and denial, official e-mails, abstract
writing, digital resources for effective communication.

Communication at Workplace:

Communication theory, process of communication, modes of communication, verbal and non-verbal
communication, tone in communication, formal and informal communication at workplace, passive,
assertive and aggressive styles of communication, positive body language, group discussions,
presentation, workplace communication, active listening, giving feedback, communication etiquette,
persuasion, negotiation, tone and voice, telephone etiquette, establishing credibility in conversations,
digital communication and netiquette: conducting oneself in virtual interactions, constructive use of social
media, ethical and culturally sensitive communication: ethical considerations in professional
communication, addressing diversity, inclusive communication practices.

References:

1. N. Bhatnagar and M. Bhatnagar, Communicative English for Engineers and Professionals,
Dorling Kindersley, 2010.

2. M. Foley and D. Hall, Longman Advanced Learners’ Grammar: A Self-study Reference & Practice
Book with Answers, Pearson Education, 2018.

3. B. A. Garner, HBR Guide to Better Business Writing: Engage Readers, Tighten and Brighten,
Make Your Case, Harvard Business Review Press, 2012.

4. M. Hewings, Advanced Grammar in Use: A Reference and Practice Book for Advanced Learners
of English, Cambridge University Press, 2013.

5. M. Ibbotson, Cambridge English for Engineering, Cambridge University Press, 2015.

6. S. Kumar and P. Lata, Communication Skills, Oxford University Press, 2015.

7. N. Sudarshana and C. Savitha, English for Technical Communication, Cambridge English, 2016.
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MA1006E COMPUTER PROGRAMMING USING C++

Pre-requisites: Nil

Total Lecture Sessions: 39

Course Outcomes:

CO1: Recall core object-oriented programming concepts in C++.

CO2: Explain appropriate C++ libraries, data types, and overloading mechanisms.
CO3: Apply and analyze object-oriented techniques to solve problems using C++.
CO4: Design robust C++ applications integrating advanced object-oriented features.

Review of basics in C: data types, C character set, operators and expressions, control statements,
looping, library functions, functions, arrays, pointers, and structures.

Basics in C++, object oriented programming, classes and objects, constructors and destructors,
constructors with default arguments, dynamic arrays in C++, arrays and pointers in C++ programs,
functions in C++, recursion, friend functions, inline functions, virtual functions, function overloading,
operator overloading, overloading arithmetic, relational, increment, and decrement operators, inheritance,
polymorphism, working with files, templates, template classes, template functions, standard template
library, strings.

References:

—_

B. Stroustrup, The C++ Programming Language, 4th edition, Pearson Education, 2013.

2. J. E. Balagurusamy, Object Oriented Programming with C++, 6th edition, Tata McGraw Hill,
2011.

3. J. R. Hubbard, Programming with C++, 2nd edition, McGraw Hill, 2000.

4. W. Savitch, Problem Solving with C++: Global Edition, 9th edition, Pearson Education, 2014.
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MA1007E DISCRETE MATHEMATICS

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall counting principles, logic, and proof techniques for solving computing problems.
CO2: Explain fundamental logical concepts and combinatorial structures.
CO3: Apply graph techniques to model and analyze mathematical problems.

CO4: Differentiate and evaluate discrete and continuous mathematical structures.

Propositions, truth tables, tautologies and contradictions, logical equivalence, logical arguments,
consistency completeness and independence, formal proofs, predicate, quantifiers, arguments, theory of
inference, resolution algorithm.

Set and basic operations on sets, relations and functions, pigeon hole principle, cardinality, inclusion
exclusion principle, countable and uncountable sets, Cantor’s diagonalization, equivalence relations and
partitions, recurrence relations, lattices, Boolean algebra.

Graph and subgraph, operation on graphs, walk, trail and path, tree and properties, adjacency and
incidence matrix, eccentricity, distance and diameter, graph isomorphism, vertex and edge cut, Whitney’s
theorem, coloring, clique and chromatics number.

References:

1. K. H. Rosen and K. Krithivasan, Discrete Mathematics and Its Applications, 8th edition, McGraw
Hill, 2021.

2. D. B. West, Introduction to Graph Theory, 2nd edition, Pearson Education India, 2015.
3. C. L. Liu, Elements of Discrete Mathematics, 2nd edition, Mc Graw Hill, 1985.
4. J.L. Mott, A. Kandel and T. P. Baker, Discrete Mathematics for Computer Scientists and

Mathematicians, 2nd edition, Prentice Hall of India, 1986.
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MA1008E NUMBER THEORY

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall fundamental concepts and results in number theory.
CO2: Explain core principles and theorems of number theory.
CO3: Apply properties of arithmetical functions to solve humber-theoretic problems.

CO4: Analyze numerical patterns to formulate and justify conjectures about integers.

Prime Numbers: (15 Lecture Sessions)

Well ordering principle, principle of mathematical induction, divisibility, division algorithm, greatest
common divisor, Euclidean algorithm, Diophantine equations, linear Diophantine equations, Pythagorean
triples, Fermat's last theorem, primes and their basic properties, fundamental theorem of arithmetic,
infinitude of prime numbers, primes in arithmetic progressions.

Congruences: (13 Lecture Sessions)

Modular arithmetic, basic properties, residue classes, reduced residue system, Fermat's Little Theorem,
Euler's theorem linear congruences, simultaneous linear congruences, Chinese remainder theorem,
polynomial congruences, quadratic residues, Legendre symbol, quadratic reciprocity law.

Arithmetical functions: (11 Lecture Sessions)
Méobius function, Euler totient function, divisor function, sum of divisor function, primitive roots, index
arithmetic, continued fractions, convergents, Pell’s equation.

References:
1. G. H. Hardy and E. M. Wright, An Introduction to the Theory of Numbers, 6th edition, Oxford

University Press, 2008.

2. M. B. Nathanson, Elementary Methods in Number Theory, 1st edition, Springer, 2000.

3. L. Niven, H. S. Zuckerman and H. L. Montgomery, An Introduction to the Theory of Numbers, 5th
edition, Wiley, 2008.

4. T. M. Apostol, Introduction to Analytic Number Theory, Springer International Student edition,
1998.

5. K. Ireland and M. Rosen, A Classical Introduction to Modern Number Theory, 2nd edition
Springer-Verlag (GTM), 1990.

6. D. Burton, Elementary Number Theory, 7th edition, McGraw Hill, 2023.
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MA1091E PROGRAMMING LABORATORY

Pre-requisites: Nil

Course Outcomes:

CO1: Recall fundamental features of the C/C++ programming language.
CO2: Explain and select appropriate C++ libraries and data types.
CO3: Develop and analyze object-oriented C++ programs for problem solving.

CO4: Apply functions, pointers, and arrays effectively in C++ programming.

Writing C++ programs that utilize control statements, functions, recursive functions, parameter passing,
call by value, call by reference, arrays, multidimensional arrays, and pointers, sorting and searching
algorithms, passing arrays as parameters to functions, matrix operations using pointers and dynamic
arrays, multidimensional dynamic arrays, and structures.

Developing object-oriented programs that utilize friend and virtual functions, operator and function
overloading, inheritance, templates, and file management.

References:

—_

B. Stroustrup, The C++ Programming Language, 4th edition, Pearson Education, 2013.

2. J. E. Balagurusamy, Object Oriented Programming with C++, 6th edition, Tata McGraw Hill,
2011.

3. J. R. Hubbard, Programming with C++, 2nd edition, McGraw Hill, 2000.

4. W. Savitch, Problem Solving with C++, 9th edition, Global Edition, Pearson Education, 2014.
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MA1012E MATHEMATICS I

Pre-requisites: Nil

Total Lecture Sessions: 39

Course Outcomes:

CO1: Recall core concepts of sequences, series, differential equations, and linear algebra.

CO2: Explain convergence tests, Fourier series, and structures of vector spaces and linear systems.
CO3: Apply analytical and algebraic techniques to solve differential equations and linear systems.

CO4: Analyze linear transformations and eigenvalue problems to diagonalize operators and classify
quadratic forms.

Numerical sequences, Cauchy sequence, convergence of sequences, series, convergence of series,
tests for convergence, absolute convergence, sequence of functions, power series, radius of
convergence, Taylor series, periodic functions and Fourier series expansions, half-range expansions.

Existence and uniqueness of solution of first order ordinary differential equations (ODEs), methods of
solutions of first order ODE, linear ODE, linear homogeneous second order ODEs with constant
coefficients, fundamental system of solutions, Wronskian, linear independence of solutions, method of
undetermined coefficients, solution by variation of parameters.

System of linear equations: Gauss elimination method, row echelon form, row space, row rank, existence
and uniqueness, homogeneous system, solution space, rank-nullity relation for homogeneous linear
system, abstract vector space, subspace, linear independence and span, basis, dimension, linear
transformation, kernel, range, rank-nullity theorem.

Coordinates, matrix representation of linear transformation, base changing rule, eigenspace,
diagonalisation of linear operator, eigenvalues and eigenvectors of a matrix, Cayley-Hamilton theorem,
diagonalisation of symmetric matrices, quadratic forms, transformation into principal axes, eigenvalue
method of solving system of first order linear ODEs with constant coefficients.

References:

H. Anton, |. Bivens and S. Davis, Calculus, 10th edition, John Wiley & Sons, 2015.

T. M. Apostol, Calculus, 1st edition, Wiley, 2014.

E. Kreyszig, Advanced Engineering Mathematics, 10th edition, Wiley, 2015.

G. Strang, Differential Equations and Linear Algebra, 4th edition Cambridge Press, 2014.

S. W. Goode and S. Annin, Differential Equations and Linear Algebra, Pearson Prentice Hall,
2007.

O. Bretscher, Linear algebra with applications, Prentice Hall, 1997.

E. A. Coddington, An Introduction to Ordinary Differential Equations, Dover Publications, 1989.
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BT1001E BIOLOGY FOR ENGINEERS
Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the evolutionary basis of life and the structure-function relationship of biomolecules.

CO2: Describe the characteristics of the cellular composition, communication, and principles of genetics.
CO3: Evaluate and apply the biological principles to solve real-world problems related to food,
agriculture, and environmental sciences.

CO4: Apply advanced engineering techniques and tools to create medical devices, diagnostics, and

therapies.

Exploring Biology:

Origin of life, Darwinian evolution, historical perspectives, structure and function of biomolecules:
carbohydrates (mono-, di-, and poly- saccharides), lipids, proteins (amino acids, peptides), and nucleic
acids (DNA & RNA), central dogma of molecular biology and gene regulation.

Cell Biology & Genetics:

Cell structure and function: Prokaryotic & Eukaryotic cells, Bioenergetics, Cell communication: Signal
Transduction, Cell division: Cell Cycle, Binary fission, Mitosis & Meiosis, Genetics & inheritance:
Mendelian Genetics, Chromosomal Aberrations.

Human Organs & Bio-design:

Brain: Nervous system, Brain-computer interfaces, EEG, Engineering Solutions for nervous disorder,
Eye: Vision physiology, Bionic eye, Heart: Cardiac Function, ECG, stents and pacemakers, Lungs:
Physiology, Ventilators & Spirometry, Heart-Lung machine, Stem cells and Regenerative Medicine.

Global Challenges in Medicine, Agriculture and Environment:
Human Diseases, Disorders & Drugs, Biosensors, Biomedical Diagnostics, Vaccines & Antibiotics,
Genetic modification of crops, precision farming and sustainable agriculture, Biodegradation and
bioremediation of pollutants, biofuels, Recent advances in biology.

References:

1. J.B.Reece, L. A. Urry, M. L. Cain, S. A. Wasserman, P. V. Minorsky and R. B. Jackson,
Campbell Biology ,Vol. 9, Boston, Pearson, 2014.

2. S. Thyagarajan, N. Selvamurugan, M. P. Rajesh, R. A. Nazeer, R. W. Thilagaraj, S. Bharathi and
M. K. Jaganathan, Biology for Engineers, McGraw Hill Education, 2013.

3. R. M. Cummings, W. S. Klug, C. A. Spencer, M. A. Palladino and D. Killian. Concepts of
Genetics, 12th edition, Pearson, 2019.

4. D.L. Nelson, and N. M. Cox, Lehninger Principles of Biochemistry, 8th edition, W.H. Freeman,
2021.

5. S. . Fox, Human Physiology, 13th edition, McGraw Hill, 2011.

A. G. Webb, Principles of Biomedical Instrumentation, Cambridge University Press, 2018.

7. A.T. Johnson, Biology for Engineers, CRC Press, 2011.

o
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MA1014E ALGEBRA

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall foundational concepts of groups, homomorphisms, rings, and fields.
CO2: Interpret and explain structural properties of groups, quotient structures, and ring theory.
CO3: Apply fundamental theorems to analyze algebraic structures and polynomial factorizations.

CO4: Evaluate algebraic systems using isomorphism theorems, group actions, and irreducibility criteria.

Groups: (15 Lecture Sessions)

Equivalence relations and partitions, binary operations, groups, subgroups, cyclic groups, dihedral
groups, symmetric groups, the quaternion group, cosets of a group, Lagrange’s theorem and its
consequences on finite groups, a counting principle, normal subgroups and quotient groups, centralizers,
normalizers, centre of a group.

Homomorphisms: (12 Lecture Sessions)

Homomorphism between groups, kernel of a group, isomorphism, fundamental theorem of isomorphism
on groups, groups of permutations and Cayley’s theorem, cycles and the alternating groups, group action,
orbit-stabilizer theorem.

Rings and Fields: (12 Lecture Sessions)

Definition of rings and various examples, units and zero divisors of a ring, integral domains, fields,
homomorphisms on rings, ideals and quotient rings, rings of polynomials, finite field, polynomial rings and
irreducibility criteria, factorization of polynomials over fields.

References:

1. D. S. Dummit and R. M. Foote, Abstract Algebra, 3rd edition, Wiley, 2004.

2. |. N. Herstein, Topics in Algebra, 2nd edition, Wiley, 1975.

3. J. B. Fraleigh, A First Course in Abstract Algebra, 7th edition, Pearson, 2013.

4. J. A. Gallian, Contemporary Abstract Algebra, 7th edition, Cengage Learning, 2013.
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MA1015E DATA STRUCTURES AND ALGORITHMS
Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall fundamental data structures for solving computational problems.
CO2: Explain the principles of searching and sorting algorithms.
CO3: Design and analyze iterative and recursive algorithms and establish their correctness.

CO4: Analyze graph algorithms to solve complex computational problems.

Searching, sorting and asymptotic analysis, searching-linear and binary, correctness and step count
analysis, asymptotic notation for complexity analysis, sorting, bubble sort, selection sort, insertion sort,
merge sort, quick sort.

Stacks, queues, linked lists, heaps, heap sort, priority queues, trees, binary trees, search trees, hashing-
chaining and open addressing, elementary graph algorithms, breadth first search, depth first search and
its applications, minimum spanning tree algorithms, single source shortest path algorithms.

String representation and manipulation using arrays and lists, and string matching algorithms, brute
force, Knuth-Morris-Pratt, and Boyer-Moore strategies.

References:

1. T.H. Cormen, C.F. Leiserson, R.L. Rivest, and C. Stein, Introduction to Algorithms, 3rd edition,
MIT Press, 2009.
S. Lipchitz, Data Structures (Schaum’s Outline series), Tata McGraw Hill, 2015.
S. Dasgupta, C. Papadimitriou and U. Vazirani, Algorithms, McGraw Hill, 2008.
E. Horowitz, S. Sahni and D. Mehta, Fundamentals of Data Structures in C++, 2nd edition,

Universities Press, 2008.
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MA1016E PROBLEM SOLVING USING PYTHON

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall core principles of algorithmic problem solving and Python constructs.
CO2: Explain the use of control structures, functions, and built-in modules in Python.
CO3: Apply Python data structures to represent and manipulate complex data.

CO4: Develop Python programs integrating file handling and systematic problem-solving techniques.

Introduction, relationship between computers and programs, python shell, scripts, data types in python,
operators, variables, expressions, and statements, strings and string operations, control structures, loops
and decision, python interpreter.

Function: function definition and use, arrays, array slicing, tuples, lists, list operations, list slices, list
methods, list loop, mutability, aliasing, cloning lists, list parameters, tuples, tuple assignment, tuple as
return value, dictionaries, operations and methods, plots.

Object oriented programming in python, python classes and objects, constructors and destructors, class
attributes and methods, subclass and inheritance, data hiding and abstraction, inheritance and
polymorphism, input and output, file handling, files and iterables, file modes introduction to built-in
packages in python, numpy, scipy and pandas, python matplotlib.

References:

1. E. Matthes, Python Crash Course, 3rd edition, No Starch Press, USA, 2023.

2. C. Fuhrer, J. E. Solem and O. Verdier, Scientific computation with Python, 2nd edition Packt
Publishing, 2021.

3. A. B. Downey, Think Python, How to Think Like a Computer Scientist, 2nd edition, O’Reilley
Publisher, 2016.

4. M. C. Brown, Python: The Complete Reference, 4th edition, McGraw Hill, 2018.
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MA1092E DATA STRUCTURES AND ALGORITHMS LABORATORY

Pre-requisites: MA1006E

Course Outcomes:

CO1: Recall core data structures and fundamental algorithms.
CO2: Explain the principles of trees, heaps, sorting, and graph algorithms.
CO3: Analyze and implement suitable data structures for real-world applications.

CO4: Analyze and implement advanced algorithms including traversals and spanning trees.

Arrays, lists, stacks, queues, sorting, bubble, insertion, quick, selection and merge sorting, heaps and
priority queues using min/max heaps, implementation of string searching algorithms, binary tree
traversal, preorder, inorder, postorder, binary search trees, and infix-postfix conversion, graphs -
representations and traversals, BFS, DFS, distance between any two vertices in a graph, minimum
spanning tree.

Reference:

1. T. H Cormen, C. F. Leiserson, R. L Rivest and C. Stein, Introduction to Algorithms, PHI, 2010.

2. S. Dasgupta, C. Papadimitriou and U. Vazirani, Algorithms, McGraw Hill Education, 2006.

3. E. Horowitz and S. Sahni, Fundamentals of Data Structures, Computer Science Press Inc, 1982.
4. A. V. Aho, J. E. Hoperoft and J. D. Ullman, Data Structures and Algorithms, Addison Wesley, 2003.
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MA2002E MATHEMATICS IlI

Pre-requisites: MA1002E, MA1012E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall fundamental concepts of linear operators, inner-product spaces, and analytic functions.
CO2: Analyze linear operators on inner-product spaces and determine their spectral decompositions.
CO3: Apply singular value decomposition and the Cauchy—Riemann equations in problem solving.

CO4: Analyze singularities and evaluate complex integrals using residue calculus.

Linear Algebra:

Review of vector spaces, linear transformations, minimal polynomial, eigenvalues, diagonalizability, inner
product spaces, norm, orthogonality of the subspaces associated to a linear transformation, orthonormal
basis, Schur’s theorem, linear functional, Riesz representation theorem, orthogonal complement, direct
sum, orthogonal projection, best approximation, least square approximation, pseudoinverse, adjoint of a
linear operator, null-space and range of adjoint, self-adjoint and normal operators, minimal polynomial of
self-adjoint operator, spectral theorem for self-adjoint operators, spectral theorem for normal operators,
singular value decomposition, low-rank approximation, Eckart-Young Theorem.

Complex Analysis:

Complex functions, derivative, holomorphic function, Cauchy-Riemann equations, harmonic functions,
harmonic conjugate, line integral in the complex plane, Cauchy’s integral theorem, Cauchy’s integral
formula, derivatives of analytic functions, power series, zeros of holomorphic functions, isolated
singularities, Laurent’s series, residue integration method, evaluation of real improper integral.

References:
1. S. Axler, Linear Algebra Done Right, 4th edition, Springer, 2023.
2. G. Strang, Introduction to Linear Algebra, 5th edition, Wellesley Cambridge Press, 2016.
3. J. W. Brown and R V. Churchill, Complex Variables and Applications, 9th edition, McGraw Hill

Education, 2009.

4. S. Ponnusamy and H. Silverman, Complex Variables with Applications, Birkhauser, 2006.

5. E. Kreyszig, H. Kreyszig and E. J. Norminton, Advanced Engineering Mathematics, 10th edition,
Wiley, 2015.

6. C. R. Wylie and L. C. Barrett, Advanced Engineering Mathematics, 6th edition, McGraw
Hill,1995.

7. E. B. Saff and A. D. Snider, Fundamentals of Complex Analysis with Applications to Engineering
and Science, 3rd edition, Prentice Hall, 2003.
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MA2007E PROFESSIONAL ETHICS

Pre-requisites: Nil

Total Lecture Sessions: 13
Course Outcomes:

CO1: Inculcate human values and use it as the basis for all activities.
CO2: Demonstrate ethical practices in professional research and development activities.
CO3: Demonstrate scientific integrity in recording and reporting research results.

CO4: Assimilate the elements of academic integrity and honour codes as lifelong practice.

Human Values
Morals, values and ethics, integrity, work ethic, service learning, civic virtue, sharing, honesty, courage,
valuing time, cooperation, commitment, empathy, self-confidence, character.

Ethics in Professional Practice

Ethics in professional context, ethical basis of engineering activities, ethical responsibilities to consumers
and customers, safety and risk, ethics in management of intellectual property, environmental matters and
sustainability.

Professional ethics in academics and research

APS guidelines on ethics, case studies, redundant publication, plagiarism, explicit, systemic and implicit
bias, integrity of research results, publications and authorship issues, conflicts of interest, responsible
conduct in the work place, fabrication of data, deception, theft of others data.

References:

1. R. S. Naagarazan, A Textbook on Professional Ethics and Human Values, 3rd edition, New Age
International Pvt. Ltd., 2022.

2. A. F. Bainbridge, Ethics for Engineers: A Brief Introduction, CRC Press, 2021.

3. E. G. Seebauer and R. L. Barry, Fundamentals of Ethics for Scientists and Engineers, Oxford
University Press, 2001.

4. P. Oliver, Students Guide to Research Ethics, Open University Press, 2003.

5. CSIR Guidelines for Ethics in Research and in Governance, 2019.
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MA2008E THEORY OF COMPUTATION

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1:Recall core models of computation and their properties.
CO2: Explain determinism, non-determinism, and formal computational limitations.
CO3: Construct formal computational models and develop rigorous proofs.

CO4: Analyze complexity and establish completeness or hardness via reductions.

Finite Automata: (17 Lecture Sessions)

Regular languages and regular expressions, deterministic and non-deterministic finite automata,
Kleene’s theorem, pumping lemma, Myhill-Nerode theorem, context-free languages and grammars,
ambiguity, chomsky normal form, Cocke-Younger-Kasami algorithm, pumping lemma, introduction to
deterministic and nondeterministic pushdown automata.

Turing Machines: (11 Lecture Sessions)

Mathematical modelling of computation, deterministic Turing machines, Church-Turing Thesis, Chomsky
hierarchy, universal Turing machines, recursive and recursively enumerable languages, non-recursive
languages and undecidable problems, the halting problem, reduction.

Complexity: (11 Lecture Sessions)
Time and space hierarchy theorems, polynomial time computations, classes P and NP, NP-
completeness and PSPACE-completeness.

References:

1. M. Sipser, Infroduction to the Theory of Computation, Thompson Course Technology, 2007.

2. J. Hopcroft, R. Motwani, and J. Ullman, Infroduction to Automata Theory, Languages, and
Computation, 3rd edition, Pearson Education, 2007.

3. H.R. Lewis and C. H. Papadimitriou, Elements of the Theory of Computation, Pearson, 2015.
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MA2009E NUMERICAL METHODS

Pre-requisites: Nil

Total Lecture sessions: 39

Course Outcomes:

CO1: Apply numerical methods to approximate solutions of equations.

CO2: Apply numerical techniques to compute eigenvalues and eigenvectors.

CO3: Explain and apply methods of interpolation, numerical differentiation, and integration.
CO4: Apply numerical methods to solve ordinary differential equations.

CO5: Implement the numerical methods and visualize the numerical solutions.

Solution of linear and nonlinear equations:

Introduction to numerical methods, errors in computation: source and types of errors, error propagation,
solutions of nonlinear equations: bisection method, method of false position, Newton-Raphson method,
fixed-point iteration, rate of convergence, accelerating convergence, solution of linear system of
equations, direct methods: Gauss—Jordan methods, LU decomposition method, condition number and
ill-conditioned systems, iterative methods, Gauss-Jacobi and Gauss-Seidel methods, Newton’s method
for nonlinear simultaneous equations, eigenvalues and eigenvectors, the power method, Inverse power
method.

Interpolation, Numerical differentiation and integration:

Finite difference operators and their relationships, difference tables, Interpolation: Lagrange’s
interpolation, interpolation error, Newton divided difference formula, Newton’s interpolation, quadratic and
cubic splines, curve fitting, least squares approximation, differentiation formulas, Richardson’s
extrapolation, numerical integration, trapezoidal and Simpson rules, errors of integration formulas,
Romberg integration.

Numerical solution of ordinary differential equations:

Single step methods, Taylor series method, Picard’s method, Euler and modified Euler methods,
Runge-Kutta methods of 2" and 4" order, multi-step methods, Milne’s predictor-corrector methods,
Adam-Bashforth and Adam-Moulton 3™ and 4™ order methods, finite difference methods for linear and
nonlinear boundary value problems, shooting methods.

Implementation of the numerical methods in C/C++ or MATLAB.
References:

1. M. K. Jain, S. R. K. lyengar and R. K. Jain, Numerical Methods for Scientific and Engineering
Computation, 8th edition, New Age International (P) Ltd, 2022.

2. B. Bradie, A Friendly Introduction to Numerical Analysis, 1st edition, Pearson, 2007.
3. C.F. Gerald and P.O. Wheatley, Applied Numerical Analysis, 7th edition, Pearson, 2007.
4. S.C. Chapra and R. P. Canale, Numerical Methods for Engineers, McGraw Hill, 2015.
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MA2010E DATABASE MANAGEMENT SYSTEMS

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Apply database concepts to design ER/EER-based conceptual and logical schemas using
relational mapping.

CO2: Develop and execute relational algebra, calculus, and SQL queries for effective data retrieval and
manipulation.

CO3: Analyze and normalize database schemas using functional dependencies to ensure data integrity
and reduce redundancy.

CO4: Design robust relational databases using normalization principles and functional dependencies.

Introduction to Databases: (13 Lecture Sessions)
Purpose and applications, characteristics of the database approach, database system architecture,
DBMS architecture, three-level architecture (internal, conceptual, external), data dictionary, system
catalog, client-server architecture, distributed databases, entity-relationship (ER) model, enhanced ER
(EER) model, specialization, generalization, aggregation, inheritance, design issues and tools: case tools
for ER modeling, ER-to-relational mapping overview.

Data Storage and Indexing: (13 Lecture Sessions)

File organization, indexing, single-level indexing, multi-level indexing, dynamic multi-level Indexing,
B-Trees, B+ Trees, structure, insertion, and deletion algorithms, performance analysis, comparison of
access methods, cost estimation for queries, relational data model, relational algebra, relational calculus,
tuple relational calculus (TRC) and domain relational calculus (DRC), relational database design using
ER to relational mapping, SQL and query processing, query execution.

Database Design Theory: (13 Lecture Sessions)

Database design theory and methodology, functional dependencies and normalisation of relations,
normal forms, properties of relational decomposition, algorithms for relational database schema design,
transaction processing concepts, schedules and serializability, concurrency control, two phase locking
techniques, optimistic concurrency control, database recovery concepts and techniques.

References:

1. R. Elmasri and S. B. Navathe, Fundamentals of Database Systems, 6th edition, Pearson
Education, 2011.

2. A. Silberschatz, H. F. Korth, and S. Sudarshan, Database System Concepts, 7th edition,
McGraw-Hill, 2020.

3. R. Ramakrishnan and J. Gehrke, Database Management Systems, 3rd edition, McGraw-Hill,
2003.

4. C. J. Date, An Introduction to Database Systems, 8th edition, Pearson Education, 2004.

5. P. Rob and C. Coronel, Database Systems- Design, Implementation and Management, 7th
edition, Cengage Learning, 2007.
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Pre-requisites: Nil

Department of Mathematics, National Institute of Technology Calicut

MA2091E DATABASE MANAGEMENT SYSTEMS LABORATORY

LIT|{P|]O|C
1101353

Course Outcomes:

CO1: Describe database system architecture, ER/EER modeling concepts, relational schemas, keys,

and constraints.

CO2: Apply database installation, ER/EER modeling, SQL queries, normalization, and transaction

handling to implement relational databases.

CO3: Analyze relational schemas, functional dependencies, normalization levels, query results, and

transaction schedules for correctness and integrity.

CO4: Design and implement a database with ER diagrams, CRUD operations, transactions, and

indexing.

List of Experiments:

1. Installing MySQL/PostgreSQL/Oracle Database Express Edition (XE).

2. Draw ER diagrams for a real-world system (e.g., University, Hospital, Banking, Library).

3. Include relationships, cardinalities, generalization/specialization.

4. Convert ER/EER model into relational schema.

5. ldentify primary keys, foreign keys, and constraints.

6. Given a set of relations, identify functional dependencies.

7. Normalize up to 3NF/BCNF ensuring lossless-join and dependency preservation.

8. Create tables, insert records, alter schemas, and enforce constraints (PRIMARY KEY, FOREIGN
KEY, UNIQUE, NOT NULL, CHECK).

9. Use SELECT, WHERE, BETWEEN, LIKE, IN, ORDER BY, DISTINCT, and GROUP BY with
aggregation functions.

10. Perform inner join, outer join, self join, and nested subqueries.

11. Create views and indexes.

12. Use single-level and multi-level indexing (demonstrate B+ Tree conceptually if supported).

13. Write stored procedures, functions, cursors, and triggers for data integrity.

14. Simulate simple transactions demonstrating COMMIT, ROLLBACK, and SAVEPOINT.

15. lllustrate serializable and non-serializable schedules.

16. Demonstrate locking (2PL) and deadlock detection using sample code or SQL simulation.

Case Study:

1. Design and implement a mini-project (e.g., student management, library, e-commerce).

2. Include database schema, ER diagram, sample data, and front-end interface (optional).

3. Demonstrate CRUD operations, normalization, and transaction handling.

References:

1. R. Elmasri and S. B. Navathe, Fundamentals of Database Systems, 6th edition, Pearson
Education, 2011.

2. A. Silberschatz, H. F. Korth, and S. Sudarshan, Database System Concepts, 7th edition,
McGraw Hill, 2020.

3. R. Ramakrishnan and J. Gehrke, Database Management Systems, 3rd edition, McGraw Hill,

2003.
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MA2012E MATHEMATICS IV

Pre-requisites: MA1002E, MA1012E L tlelolc

Total Lecture Sessions: 39
Course Outcomes:

CO1: Apply probability concepts and random variable distributions to solve analytical problems.
CO2: Apply and analyze multivariate random variables using covariance, correlation, and principal
component analysis.

CO3: Apply sampling distributions and estimation methods for population parameters.

CO4: Apply statistical hypothesis testing and simple linear regression techniques for data analysis.

Probability: (20 Lecture Sessions)

Sample space, probability, conditional probability, independence, random variable, probability
distributions, binomial distribution, Poisson distribution, geometric distribution, continuous random
variable, probability density function, normal distribution, uniform distribution, Markov’s inequality,
Chebyshev’s inequality, moments and moment generating function, normal approximation of binomial
distribution, functions of random variables, jointly distributed random variables, marginal and conditional
distributions, covariance, correlation coefficient and independence, joint probability distribution of
functions of random variables, bi-variate normal distribution, random vectors, expectation vectors and
covariance matrices, autocorrelation matrix, properties of covariance matrices, decorrelation of random
vectors, multidimensional Gaussian, transforming to independence, principal components analysis.

Statistical Inference: (19 Lecture Sessions)

Population, sample and statistic, central limit theorem, sampling distribution of the mean, point estimation,
unbiased estimator, sample variance, Chi-square distribution, distribution of sample mean and sample
variance, interval estimation of population mean and variance, student’s t-distribution, interval estimation
of mean when variance is unknown, maximum likelihood estimator, testing of hypothesis, testing
hypothesis concerning mean, hypotheses tests concerning variance, F distribution, Chi-square test for
goodness of fit, analysis of contingency tables, simple linear regression, method of least squares,
sampling distribution of regression coefficients, inference concerning regression parameters sample
correlation coefficient of paired data, regression to the mean.

References:

1. F. Dekking, C. Kraaikamp, H. Lopuhaa and L. Meester, A Modern Introduction to Probability and
Statistics: Understanding Why and How, Springer London, 2005.

2. H. Stark and J. W. Woods, Probability, Statistics, and Random Processes for Engineers, Pearson,

2012.

N. S. Matloff, Probability and Statistics for Data Science: Math + R + Data, CRC Press, 2020.

4. N. T. Kottegoda and R. Rosso, Statistics, Probability, and Reliability for Civil and Environmental
Engineers, Colombia: McGraw-Hill, 1998.

5. S. M. Ross, Infroduction to Probability and Statistics for Engineers and Scientists, Elsevier
Science, 2009.

w
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IE2001E INNOVATION AND ENTREPRENEURSHIP
Pre-requisites: Nil

Total Lecture Sessions: 39

Course Outcomes:

CO1: Taking up innovative projects and identifying novelty.
CO2: Starting innovative practices in their entrepreneurial activities.
COa3: Involve themselves in the business activities like startups scientifically.

CO4: Understanding linking procedure and methods with other Institutions.

Introduction to innovation and idea development: Introduction to Innovation, managing innovation, types
of innovation, creativity, concept of design thinking, measuring innovation, novelty definition,
identificationProtection of innovation - Introduction to Intellectual Property Rights — IPR, Patents,
Trademarks, Copy Rights, grassroots innovation, Issues and Challenges in Commercialization of
Technology Innovations.

Entrepreneurship basics — scope of entrepreneurship, characteristics of an entrepreneur, building a
business, business plan, concept of lean canvas model, Entrepreneurship and Innovations, Converting
Innovation to Economic Value - Growth Strategies, value proposition, Market Segments, Revenue Model,
Social Entrepreneurship, Intrapreneurship.

Case studies- based on the area of specialization Technology product development, Technology Life
Cycle, how to implement and manage a technological innovation, new product development, managing
the resources, technology business incubation, Sources of Information and schemes to support
technology entrepreneurship. Demonstration - based on the area of specialization.

Functional areas of entrepreneurship - marketing management, operations management, personnel
management, financial management, procedure and formalities in setting up an Industrial unit, Problems
for Small Scale Enterprises and Industrial Sickness. Site visits to understand the Entrepreneurship
activities of startups.

References:
1. R.D. Hisrich and M. P. Peters, Entrepreneurship, 8th edition, Tata McGraw-Hill, 2013.
2. D. H. Holt, Entrepreneurship: New Venture Creation, Pearson Education, 2016.
3. D. Biswas and C. Dey, Entrepreneurship Development in India, Taylor & Francis, 2021.
4. T. Khalil, Management of Technology, Tata McGraw-Hill.
5. B. R. Barringer, Entrepreneurship: Successfully launching new ventures, Pearson Education

India, 2015.

6. V. Desai, Small-Scale Industries and Entrepreneurship, Himalaya Publishing House, Delhi, 2008.
7. D.F. Kuratko, Entrepreneurship: Theory, Process, Practice, Cengage Learning India, Delhi, 2017.
8. C. L. Greene, Entrepreneurship Ideas in Action, Thomson Asia Pvt. Ltd., Singapore. 2004.
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MA2017E OPTIMIZATION TECHNIQUES AND APPLICATIONS

Pre-requisites: MA1002E, MA1012E, MA2002E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Apply and analyze geometric concepts such as convex sets, hyperplanes, and polyhedra to
formulate linear programming problems and solve them.

CO2: Formulate and solve traveling salesman, transportation, and assignment problems.

CO3: Apply concepts from calculus to analyze and solve unconstrained optimization problems using
suitable numerical methods.

CO4: Apply Lagrange multipliers and KKT conditions to solve constrained optimization problems.

Linear optimization: (15 Lecture Sessions)

Basic concepts of geometry, line segments, hyperplanes, convex set, polytopes/polyhedra, formulation
and geometric idea of linear programming problems, simplex method, two-phase simplex method, duality,
sensitivity analysis, transportation and assignment problems, interior point methods.

Unconstrained Optimization: (15 Lecture Sessions)

Review on calculus, differentiability, derivative matrix, differentiation rules, level sets and gradients, Taylor
series, conditions for local minimizers, one-dimensional search method, Newton’s method, gradient
methods, Newton method, conjugate direction methods, quasi Newton methods.

Constrained Optimization: (9 Lecture Sessions)
Problems with equality constraints, Lagrange multiplier method, problems with inequality constraints,

KKT( Karush-Kuhn-Tucker) conditions, convex functions, convex optimization problems.

References:

—

E. K. P. Chong, W. Lu and S. H. Zak, An Introduction to Optimization: With Applications to
Machine Learning. United States: Wiley, 2023.

2. N.S. Kambo, Mathematical Programming Techniques, East West Press, 1997.

W

D. G. Luenberger and Y. Ye, Linear and Nonlinear Programming, 3rd edition, Springer, 2010.

4. M. S. Bazarra, H. D. Sherali, and C. M. Shetty, Nonlinear Programming: Theory and Algorithms,
3rd edition, Wiley, 2006.

5. P. R. Thie and G. E. Keough, An Introduction to Linear Programming and Game Theory, Wiley,
2011.

6. V. Chvatal, Linear Programming, W. H. Freeman, 1983.
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MA2018E DIFFERENTIAL EQUATIONS

Pre-requisites: MA1002E, MA1012E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Apply series solution methods to solve ordinary differential equations.

CO2: Apply and analyze linear differential systems, boundary value problems, and Green'’s functions to
determine eigenvalue solutions.

CO3: Apply methods to solve and analyze first- and second-order partial differential equations.

CO4: Apply Laplace and Fourier transforms to solve initial and boundary value problems.

Series Solutions of ODEs: (12 Lecture Sessions)

Series solutions of ordinary differential equations, Frobenius method, Legendre equation, Bessel
equation, Sturm-Liouville boundary value problem, Green’s functions and applications, fundamental
solutions.

Partial Differential Equations: (15 Lecture Sessions)

First order partial differential equations, method of characteristics, Lagrange and Charpit's methods,
second order differential equations, heat, wave and Laplace equations, classifications and method of
separation of variables, maximum principle.

Integral transform methods: (12 Lecture Sessions)
Laplace and Fourier transform: definitions, properties and inverse transforms, applications to the solutions

of the differential equations.

References:

—_

E. A. Coddington, An Introduction to Ordinary Differential Equations, Dover Publications, 1989.

W. E. Boyce and R. C. DiPrima, Elementary Differential Equations and Boundary Value Problems,

Wiley, 11th edition, 2022.

3. M. Tennenbaum and H. Pollard, Ordinary Differential Equations, Dover Publications, 1985.

|. Sneddon, Elements of Partial Differential Equations, Dover Publications, 2006.

5. H. Hattori, Partial Differential Equations: Methods, Applications and Theories, World Scientific,
2013 Publishers, 2025.

6. S. K. Tumuluri, A First Course in Ordinary Differential Equations, A Chapman and Hall book, 1st

edition, 2021.
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MA2019E DESIGN AND ANALYSIS OF ALGORITHMS

Pre-requisites: MA1007E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Apply algorithm design principles and implement efficient divide-and-conquer algorithms.

CO2: Apply divide-and-conquer, greedy, and dynamic programming techniques to design efficient
algorithms.

CO3: Implement and test algorithms to solve practical computational problems.

CO4: Understand NP-completeness and identify tractable/intractable problems.

Foundations & Divide-and-Conquer: (10 Lecture Sessions)

Definition, characteristics, and importance of algorithms, steps in algorithm design, algorithm vs program,
time and space complexity, empirical analysis and benchmarking, recurrence relations, formulation and
solution techniques, asymptotic notations, divide-and-conquer algorithms, binary search, merge sort,
quick sort, Strassen’s matrix multiplication.

Greedy Algorithms: (12 Lecture Sessions)

Characteristics of greedy strategies, correctness arguments, making change problems, Kruskal’s
algorithm, Prim’s algorithm, Dijkstra’s algorithm, Bellman-Ford algorithm, greedy Knapsack, Job
scheduling problem, Huffman coding algorithm.

Dynamic Programming & Optimization: (17 Lecture Sessions)

Dynamic programming, concepts and principle of optimality, key DP Problems: 0/1 Knapsack, longest
common subsequence (LCS), multistage graph problems, reliability design, Floyd—Warshall algorithm,
15-Puzzle, Least-Cost search, graph traversals: BFS, DFS, DFS edge applications, topological sorting,
articulation points and bridges, biconnected components, Max-Flow Min-Cut Theorem, Ford—Fulkerson
algorithm, bipartite matching (flow-based approach), N-queens problem by branch and bound, graph
coloring, subset sum, branch and bound, travelling salesman problem, Knapsack.

References:

1. E. Horowitz, S. Sahni, and S. Rajasekaran, Fundamentals of Computer Algorithms, Universities
Press, 2008.

2. T.H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein, Introduction to Algorithms, 3rd edition,
PHI Learning Pvt. Ltd., 2009.

3. H. Bhasin, Algorithm Design and Analysis, Oxford University Press, 2017.

4. C. Mohan |, Design and Analysis of Algorithms, PHI Learning Pvt. Ltd., 2014.
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MA2020E PRINCIPLES OF ARTIFICIAL INTELLIGENCE

Pre-requisites: NIL

Total Lecture Sessions: 39

Course Outcomes:

CO1: Apply and analyze Al problem-solving using search strategies and game-playing algorithms.

CO2: Apply and analyze logic-based knowledge representation and inference methods for intelligent
decision-making.

CO3: Apply and analyze Al learning methods including neural networks, reinforcement learning, and
evolutionary algorithms.

CO4: Apply and analyze Al techniques and tools for solving real-world problems using planning, expert

systems, NLP, and intelligent agents.

Artificial Intelligence, introduction, history and applications, intelligent agents, solving problems by
searching, structures and strategies for state space search, data driven and goal driven search,
uninformed search strategies, informed(heuristic) search strategies, heuristic functions, local search
algorithms and optimization problems, searching with nondeterministic actions, constraint satisfaction,
using heuristics in games, minimax search, alpha beta procedure, stochastic games.

Knowledge representation, knowledge-based agents, propositional calculus, first-order logic (predicate
calculus), inference in first-order logic, forward and backward chaining, theorem proving by resolution,
answer extraction, artificial intelligence representational schemes, planning and acting in the real world,
decision making.

Learning, learning from examples, knowledge in learning, learning probabilistic models, reinforcement
learning, artificial neural networks and deep learning, the genetic algorithm, genetic programming,
overview of expert system technology, introduction to natural language processing, languages and
programming techniques for Al- introduction to PROLOG and LISP, search strategies and logic
programming in LISP, production system examples in PROLOG, introduction to ROBOTICS.

References:

1. S. Russell and P. Norvig, Artificial Intelligence- A Modern Approach, 2nd edition, Pearson
Education, 2002.

2. G. F. Luger, Artificial Intelligence - Structures and Strategies for Complex Problem Solving, 4th
edition, Pearson Education, 2002.

3. E.Rich and K. Knight, Artificial Intelligence, 2nd edition, Tata McGraw Hill, 2018.

4. N. J. Nilsson, Artificial Intelligence: A New Synthesis, 1st edition, Elsevier,1998.

5. P. Winston and B. Horn, LISP, 3rd edition, Addison Wesley, 1989.

6. |. Bratko, Prolog Programming for Artificial Intelligence, 3rd edition, Addison Wesley, 2000.
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Pre-requisites: MA2019E
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MA2092E DESIGN AND ANALYSIS OF ALGORITHMS LABORATORY

Course Outcomes:

CO1: Apply and analyze searching and sorting algorithms to solve computational problems efficiently.

CO2: Apply and analyze greedy and dynamic programming techniques to solve optimization and

graph-based problems.

CO3: Apply and analyze backtracking and branch-and-bound methods to solve combinatorial optimization

problems.

CO4: Analyze algorithm efficiency by evaluating time complexity and performance for various input sizes.

Syllabus/List of Experiments:

1.

@

No ok

8.

Implementation of linear and binary search algorithms. Implementation of sorting algorithms:
quick sort, merge sort, and heap sort.

Implementation of Strassen’s matrix multiplication algorithm.

Implementation of Greedy algorithms: Minimum Spanning Tree (Prim’s and Kruskal’s), Single
Source Shortest Path (Dijkstra’s Algorithm), Implementation of the Huffman Coding algorithm.
Implementation of 0/1 Knapsack Problem using Dynamic Programming.

Implementation of Longest Common Subsequence (LCS) using Dynamic Programming.
Implementation of All-Pairs Shortest Path using Floyd—Warshall Algorithm.

Implementation of Backtracking algorithms: N-Queens Problem Graph Coloring Problem,
Implementation of Branch and Bound algorithm for Travelling Salesman Problem.

Analysis of algorithm efficiency through time-complexity measurement and performance graphs.

References:

1.

2.

3.
4.

E. Horowitz, S. Sahni, and S. Rajasekaran, Fundamentals of Computer Algorithms, Universities
Press, 2008.

T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein, Introduction to Algorithms, PHI
Learning, 2009.

H. Bhasin, Algorithm Design and Analysis, Oxford University Press, 2017.

I. C. Mohan, Design and Analysis of Algorithms, PHI Learning Pvt. Ltd., 2014.
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MA3001E STATISTICAL METHODS AND DATA ANALYTICS

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain fundamental concepts of estimation, hypothesis testing, correlation, regression, and data
analytics.

CO2: Apply estimation techniques, hypothesis tests, regression models, and data analytics tools (Python,
SQL, Pandas, NumPy) to solve real-world problems.

CO3: Analyze statistical data, correlations, regression outputs, and relational datasets to draw meaningful
conclusions.

CO4: Understand various data analytics models and apply them for the data analysis.

Theory of Estimation and Testing: (13 Lecture Sessions)

Theory of estimation (point and interval) properties of an estimator, minimum variance unbiased
estimator(MVUE), best linear unbiased estimator(BLUE), Cramer-Rao inequality, Rao-Blackwell theorem,
testing of hypothesis, mean and variance, confidence interval, Neyman-Pearson lemma, non-parametric
methods, run tests, rank tests, signed rank tests, Kruskal Wallis test, Kolmogorov-Smirnov test etc.

Correlation and Regression: (13 Lecture Sessions)

Curve fitting, method of least squares, estimation of simple regression models and hypotheses concerning
regression coefficients, multiple regression, logit, probit, regression, correlation coefficient, estimation of
correlation coefficient, hypothesis concerning correlation coefficient, estimation of curvilinear regression
models.

Data Analytics: (13 Lecture Sessions)
Definition, data science lifecycle, variables, data structures, functions, Pandas, NumPy, SQL, ER Models,
relational models, joins, query optimization.

References:

1. S. Dharmaraja and D. Das, Introduction to Statistical Methods, Design of Experiments and
Statistical Quality Control, Springer, 2018.

2. V. K. Rohatgi and A. K. Md. Ehsanes Saleh, An Introduction to Probability and Statistics, 3rd

edition, John Wiley, 2015.

R. J. Freund, D. Mohr and W. J. Wilson, Statistical Methods, 3™ edition, Academic Press, 2010.

A. Hayter, Probability and Statistics for Engineers, 4" edition, Cengage, Learning, 2012.

5. S. M. Ross, Introduction to Probability and Statistics for Engineers and Scientists, 5th edition,
Academic Press (Elsevier), 2014.

6. J. Grus, Data Science from Scratch : First Principles with Python, 2nd edition, O’Reilly, 2019.

o
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MA3002E METRIC SPACES

Pre-requisites: MA1002E

Total Lecture Sessions: 39

Course Outcomes:

CO1:Understand fundamental concepts of metric spaces including open sets and convergence.
CO2: Explain and apply properties of continuity in metric spaces.

CO3: Analyze compactness and connectedness properties.

CO4: Apply completeness concepts and related theorems in analysis.

Structure of Metric Spaces: (13 Lecture Sessions)

Definition and examples, Norms and metrics derived from a norm on a real vector space, function spaces
of continuous functions and of bounded functions on a metric space, open balls and open sets,
convergent sequences, limit and cluster points, Cauchy sequences and completeness, bounded sets,
dense sets, basis, boundary of a set.

Continuity and Compactness in Metric Spaces: (13 Lecture Sessions)

Continuous functions, equivalent definitions of continuity, topological property, uniform continuity, open
and closed maps, compact spaces and their properties, continuous functions on compact spaces,
characterization of compact metric spaces.

Connectedness, Completeness, and Fixed Point Principles: (13 Lecture Sessions)
Connected spaces, path connected spaces, examples of complete metric spaces, completion of a metric
space, Baire category theorem and applications, Banach’s contraction principle.

References:

1. S. Kumaresan, Topology of Metric Space, 2nd edition, Alpha Science International Ltd., 2005.

2. S. Shirali and H. L. Vasudeva, Metric Spaces, Springer-Verlag, 2006.

3. T. M. Apostol, Mathematical Analysis, Addison Wesley, 1974.

4. W. Rudin, Principles of Mathematical Analysis, 3rd edition, McGraw Hill International Editions, 1976.
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MA3003E INTRODUCTION TO MACHINE LEARNING

Pre-requisites: MA1012E, MA2012E, MA2002E, MA2017E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Understand the fundamental principles, concepts, and approaches of machine learning.

CO2: Analyze the applicability of the stochastic gradient descent algorithm to various convex learning
problems.

CO3: Develop and implement solutions for problems involving uncertainty using various machine learning
techniques.

CO4: Apply knowledge representation, reasoning, and learning methods to model and solve real-world

problems.

PAC Learning: (14 Lecture Sessions)

Agnostic probably approximately correct (PAC) learning mode, loss functions, true and empirical risk,
uniform convergence, no-free-lunch theorem, growth functions and VC dimension, VC dimension of
hypothesis classes including hyperplanes and polynomials, fundamental theorem of PAC learning,
non-uniform PAC learning, principles of model selection, validation and k-fold cross-validation.

Convex Learning: (14 Lecture Sessions)

PAC learnability of hyperplanes, linear programming and perceptron algorithms, convex loss functions
including mean squared loss, hinge loss, and logistic loss, surrogate loss functions, regularized loss
functions and stability, learnability of convex Lipschitz-bounded and smooth-bounded learning problems
using Stochastic Gradient Descent (SGD), sample complexity of convex learning problems.

Applications of SGD: (11 Lecture Sessions)

Support Vector Machines (SVM), dual formulation, SGD implementation of soft-margin SVM, kernelized
soft SVM, linear multiclass predictors, multiclass SVM using SGD, linear predictors for bipartite ranking,
feed-forward neural networks, expressive power and sample complexity, SGD and backpropagation.

References:

1. S.S. Schwartz and S. Ben David, Understanding Machine Learning: From Theory to Algorithms,
3rd edition, Cambridge University Press, 2015.

2. M. Mohri, A. Rostamizadeh, and A. Talwalkar, Foundations of Machine Learning, 3rd edition, MIT
Press, 2018.

3. C. M Bishop, Pattern Recognition and Machine Learning, 1st edition, Springer, 2006.

4. T. Mitchell, Machine Learning, Tata McGraw-Hill India, 2017.
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Pre-requisites: MA1012E, MA2002E, MA2012E, MA2017E
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MA3091E MACHINE LEARNING LABORATORY

Course Outcomes:

CO1: Apply Al techniques to solve and analyze computational problems.

CO2: Apply and analyze supervised and unsupervised machine learning algorithms on real datasets.

CO3: Analyze the effects of preprocessing, feature selection, PCA, and cross-validation on model

performance and interpretability.

CO4: Apply knowledge representation, reasoning, and machine learning techniques to design explainable

intelligent systems.

List of Experiments: Implementation either in Python/MATLAB

1.
2.
3

10.

11.

12.

13.

14.

15.

Demonstrating the concept of the Turing Test and simulating a simple conversational Al.
Developing reactive, deliberative, and learning agents and analyzing their behaviors.
Implementing supervised and unsupervised learning models and comparing classification (SVM)
and clustering (k-Means) results.

Applying k-fold cross-validation techniques to evaluate and compare the performance of machine
learning models.

Performing dimensionality reduction using PCA and visualizing reduced feature spaces.

Applying feature selection techniques such as statistical and wrapper-based methods to improve
model performance and interpretability.

Implementing Decision Tree and Random Forest classifiers and visualizing their structure and
feature importance.

Developing and comparing regression models, including Linear, Ridge, and Lasso regression for
predictive analysis.

Implementing Naive Bayes and k-Nearest Neighbor classifiers and comparing their classification
accuracy.

Implementing search algorithms such as BFS, DFS, and A* to explore uninformed and informed
search strategies for problem-solving.

Solving constraint satisfaction problems such as the N-Queens or Sudoku puzzle using
backtracking and constraint propagation techniques.

Implementing stochastic optimization techniques, including Genetic Algorithms and Simulated
Annealing, for solving optimization problems.

Representing and reasoning with knowledge using semantic networks, frame structures, and
predicate logic or resolution inference techniques.

Designing and reasoning with ontologies using Protégé or Python to demonstrate knowledge
representation and logical inference in Al systems.

Implementing a complete machine learning pipeline including data preprocessing, model training,
testing, performance evaluation (confusion matrix, ROC), and explainability using SHAP or LIME.

Note: The concerned course coordinator will prepare the actual list of experiments/problems at the start of
the semester based on the above generic list.

Dual Degree (B.Tech.-M.Tech.) Curriculum 2026 42 of 77



Department of Mathematics, National Institute of Technology Calicut

MAS5001E FINITE ELEMENT METHOD

Pre-requisites: MA2018E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Understand the theoretical foundations of FEM, including variational formulations and the
Lax-Milgram lemma.

CO2: Apply FEM discretization techniques to solve one-dimensional boundary value problems.

CO3: Formulate FEM solutions for eigenvalue, time-dependent, nonlinear, and two-dimensional PDE
problems.

CO4: Analyze finite element error estimates and implement computational solutions for model problems.

Introduction to finite element method (FEM), basic concepts, variational formulation of elliptic and
parabolic boundary value problems, Lax-Milgram lemma, existence and uniqueness of solutions, Galerkin
and Ritz variational formulations, discretization concepts, choice of elements, derivation of shape
functions.

Lagrangian and Hermite in physical co-ordinates, isoparametric mapping, numerical integration,
construction of element stiffness matrices, assembly and solution techniques, one dimensional problems,
formulation of eigenvalue problems, time dependent problems, applications, non-linear problems, finite
element error analysis.

Automatic mesh generation, finite element problems, conforming and non-conforming methods,
application to partial differential equations, solutions of two dimensional partial differential equations under
different geometric conditions, solution of model problems and computer implementation procedures,
asymptotic error estimate results, eigenvalue problems of Laplace operator, applications to partial
differential equations.

References:

—_

J. N. Reddy, Introduction to the Finite Element Methods, Tata McGraw-Hill, 2003.

2. K. J. Bathe, Finite Element Procedures, Prentice-Hall, 2001.

3. T.J.R.Hughes, The Finite Element Method: Linear Static and Dynamic Finite Element Analysis,
Dover Publication, 2000.

4. G. R.Buchanan, Finite Element Analysis, Mc Graw Hill India, 2005.
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MA5002E ADVANCED MACHINE LEARNING

Pre-requisites: MA3003E, MA2012E, MA2002E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Explain concepts of statistical learning theory, PAC learning, bias—variance trade-off, and
cross-validation for model evaluation.

CO2: Apply estimation and inference techniques such as EM algorithm, variational inference, and MCMC
for probabilistic modeling.

CO3: Analyze probabilistic graphical models for inference and learning.

CO4: Apply kernel methods and support vector machines, and evaluate classifier and regression

performance using linear and nonlinear kernels.

Statistical Learning Theory:

Learning and generalization, PAC learning framework, empirical risk minimization (ERM) and consistency,
complexity of learning problems, VC dimension and no free lunch theorem, model selection and
estimation, bias, variance trade-off, regularization, assessment of learned classifiers using
cross-validation.

Estimation and Inference:

Mixture density models, expectation—maximization (EM) algorithm, approximate inference, variational
inference with emphasis on variational mixture of Gaussians and variational linear regression,
sampling-based inference, Markov Chain Monte Carlo (MCMC) and Gibbs sampling.

Probabilistic Graphical Models:

Directed graphical models, Bayesian networks, conditional independence, d-separation, Markov and
hidden Markov models with applications, undirected graphical models, Markov random fields, conditional
independence and factorization properties, inference and learning, brief applications including Gaussian
MRFs and image denoising, introduction to conditional random fields.

Kernel Methods and Support Vector Machines:

Positive definite kernels, Reproducing Kernel Hilbert Spaces (RKHS), representer and Mercer theorems,
support vector machines, optimal margin hyperplanes, soft-margin SVM with slack variables, nonlinear
SVMs using kernels, support vector regression, overview of SMO and related optimization algorithms.

References:
1. K. P. Murphy, Machine learning: a Probabilistic Perspective, 1st edition, MIT Press, 2012.
2. C. M. Bishop, Pattern Recognition and Machine Learning, 1st edition, Springer, 2006.

3. R. O. Duda, P. E. Hart and D. G. Stork, Pattern Classification, 1st edition, John Wiley & Sons,
2012.
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MAS5003E BIG DATA ANALYTICS

Pre-requisites: MA1016E, MA2012E

Total Lecture Sessions: 39 3(0(0f 6] 3

Course Outcomes:

CO1: Process data in a Big Data platform and explore the big data analytics techniques for business
applications.

CO2: Apply the MapReduce programming model to process big data.

CO3: Analyze Spark and its uses for big data processing.

CO4: Design programs for big data applications using Hadoop components.

Introduction to Big Data: (6 Lecture Sessions)

Big data, characteristics of big data, big data management architecture, examining big data
types, big data technology components, big data analytics, examples, web data overview , web data in
action.

Hadoop & MapReduce: (15 Lecture Sessions)

Introducing history of Hadoop, Hadoop ecosystem, analyzing data with Hadoop, Hadoop Distributed File
System(HDFS), design HDFS concepts, Hadoop filesystem, data flow, Hadoop 1/O, data integrity,
serialization, setting up a Hadoop cluster, cluster specification, cluster setup and installation, YARN (Yet
Another Resource Negotiator), introduction to MapReduce, mapper, reducer, combiner, partitioner,
searching, sorting, compression.

Spark: (8 Lecture Sessions)

Installing spark, spark applications, jobs, stages and tasks, resilient distributed databases, anatomy of a
spark job run, spark on YARN, SCALA, introduction, classes and objects, basic types and operators,
built-in control structures, functions and closures, inheritance.

NoSQL Databases: (10 Lecture Sessions)

Introduction to NoSQL, MongoDB, introduction, data types, creating, updating and deleting documents,
querying, introduction to indexing, capped collections, HBase: concepts, HBase vs RDBMS, creating
records, accessing data, updating and deleting data, modifying data, exporting and importing data, USE
CASES: call detail log analysis, credit fraud alert, weather forecast.

References:

1. EMC Education Services, Data Science and Big Data Analytics: Discovering, Analyzing,
Visualizing and Presenting Data, Wiley Publishers, 2015.

2. B. Baesens, Analytics in a Big Data World: The Essential Guide to Data Science and its
Applications, Wiley Publishers, 2015.

3. K. H. Pries and R. Dunnigan, Big Data Analytics: A Practical Guide for Managers, CRC Press,
2015.

4. S. Acharya and S. Chellappan, Big Data and Analytics, Wiley India Publishers, 2nd edition, 2019.

5. Rajkamal and P. Saxena, Big Data Analytics, Introduction to Hadoop, Spark and Machine
Learning, McGraw Hill Publication, 2019.
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ELECTIVE SYLLABI
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MA3021E REAL ANALYSIS

Pre-requisites: MA1002E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Explain the construction of the real numbers, the completeness property, and fundamental notions
of metric spaces.

CO2: Apply definitions and theorems of limits, continuity, uniform continuity, and differentiability on the real
line to solve analytical problems.

CO3: Analyze the convergence of sequences and series of functions, distinguish between pointwise and
uniform convergence, and examine their implications for continuity, integrability and differentiability.

CO4: Extend concepts of single-variable analysis to higher dimensions.

Foundations of the Real Numbers and Metric Spaces: (13 Lecture Sessions)

Construction of the field of real numbers and the least upper bound property, review of sets, countable
and uncountable sets, metric spaces, topological properties, the topology of Euclidean space, sequences
and series.

Continuity, Differentiability, and Integration on the Real Line: (16 Lecture Sessions)

Continuity, definition and basic theorems, uniform continuity, the intermediate value theorem,
differentiability on the real line, definition, the mean value theorem, the Riemann-Stieltjes integral,
definition and examples, the fundamental theorem of calculus.

Convergence of Functions and Differentiability in Several Variables: (10 Lecture Sessions)
Sequences and series of functions, uniform convergence, the Weierstrass approximation theorem,
differentiability in higher dimensions, motivations, the total derivative, partial derivatives, characterization
of continuously-differentiable functions, the inverse and implicit function theorems, higher-order
derivatives.

References:

1. W. Rudin, Principles of Mathematical Analysis, 3rd edition, McGraw-Hill, 1976.
2. T. Tao, Analysis—I, 3rd edition, TRIM Series, Hindustan Book Agency, 2014.
3. T. Tao, Analysis—II, 3rd edition, TRIM Series, Hindustan Book Agency, 2014.
4. N. L. Carothers, Real Analysis, Wiley, 2000.

5. T. M. Apostol, Mathematical Analysis, Addison-Wesley, Reading, MA, (1974).

Dual Degree (B.Tech.-M.Tech.) Curriculum 2026 47 of 77



Department of Mathematics, National Institute of Technology Calicut

MA3022E TOPOLOGY

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the fundamental structures of metric and topological spaces and the construction of
subspace and product topologies.

CO2: Explain continuity and structural properties of topological spaces.

CO3: Analyze compactness, connectedness, and countability in general topological spaces.

CO4: Apply the fundamental theorems of topology to characterize topological structures and check the

separation, metrizability and countability properties of topological spaces.

Basics of Topology: (13 Lecture Sessions)
Metric spaces, open/closed sets, completeness, compactness, topological spaces, subspace topology,
closure, interior, boundary, limit points, dense/nowhere dense sets, Baire category.

Continuous Functions and Structure: (13 Lecture Sessions)
Continuous maps, bases and subbases, product topology, projections, separability, first/second
countability, Hausdorff/regular/normal spaces, Uryshon's metrization theorem, Tietze's extension theorem.

Compactness, Connectedness and Completeness: (13 Lecture Sessions)
Compact spaces, continuous images, locally compact spaces, connected and path-connected spaces,

totally disconnected spaces, completeness, Tychonoff's theorem.

References:

G. F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill, 1963.
J. R. Munkres, Topology: A First Course, Prentice-Hall, Englewood Cliffs, NJ, 1975.
S. Kumaresan, Topology of Metric Space, Alpha Science International, UK, 2005.

1

2

3

4. J. Dugundji, Topology, Allyn and Bacon, Inc., Boston-London-Sydney, 1978.

5. J. L. Kelley, General Topology, Graduate Texts in Mathematics, No. 27, Springer-Verlag, 1975.
6

S. Willard, General Topology, Reprint of the 1970 original (Addison-Wesley), Dover Publications,
Mineola, NY, 2004.
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MA3023E MEASURE THEORY

Pre-requisites: MA3021E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Explain the motivation for the development of measure theory and interpret its role in overcoming
limitations of Riemann integration.

CO2: Explain and analyze foundational structures of measure theory.

CO3: Construct and evaluate the Lebesgue integral for measurable functions, utilizing standard
convergence theorems.

CO4: Compare and contrast different modes of convergence and utilize LP inequalities to prove

completeness in function spaces.

Measure on the real line: (9 Lecture sessions)
Introduction, Lebesgue outer measure, measurable sets, Borel sets, non-measurable sets, regular
measure, measurable functions, Borel and Lebesgue measurable functions.

Integration of functions of a real variable: (10 Lecture sessions)

Integration of non-negative functions, Lebesgue Integral, Fatou's lemma, Lebesgue monotone
convergence theorem, general Integral, Lebesgue dominated convergence theorem, relation between
Riemann and Lebesgue Integrals, Lebesgue criteria for Riemann integrability.

Abstract measure spaces: (10 Lecture sessions)
Measures and outer measures, extensions of measure, sigma algebra, Caratheodory extension theorem,
completion of a measure, measure spaces, integration with respect to a measure.

Inequalities and L® Spaces: (10 Lecture sessions)
LP spaces, convex functions, Jensen's inequality, inequalities of Holder's and Minkowski, Riesz-Fischer
theorem, convergence in measure, almost uniform convergence, Egoroff’'s theorem, Lusin’s theorem.

References:

1. S. Axler, Measure, Integration & Real Analysis, 1st edition, Springer, 2020.

2. G. de Barra, Measure Theory and Integration, New Age International Pvt. Limited, 1981.
3. H. L. Royden, Real Analysis, 3rd edition, Macmillan, 1988.

4. W. Rudin, Real and complex analysis, 3rd edition, McGraw Hill Book Co., 1987.
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MA3024E FUNCTIONAL ANALYSIS

Pre-requisites: MA1002E, MA1012E, MA2002E, MA3002E

Total Lecture Sessions: 39

Course Outcomes:

CO1. Understand the structure, properties, and operator behavior in normed, Banach, and Hilbert spaces.
CO2. Apply fundamental theorems to analyze operator properties and stability.

CO3. Apply approximation theory and orthogonal systems to solve engineering problems in Hilbert
spaces.

CO4. Analyze relationships between convergence modes, spectral properties, and operator solvability in

infinite-dimensional settings.

Normed Linear spaces: (16 Lecture Sessions)

Vector spaces, normed spaces, Banach spaces, finite dimensional normed spaces, Riesz lemma,
bounded linear operators, linear functionals, inner product spaces, Hilbert spaces, orthogonal
complements and direct sums, projection theorem, orthonormal sets, overview of Fourier series
representations, Riesz representation theorem.

Fundamental Theorems on Operators: (10 sessions)

Hahn-Banach extension theorem and applications, Hahn-Banach separation theorem, uniform
boundedness principle and Banach-Steinhaus theorem, Arzela-Ascoli theorem, open mapping theorem,
closed graph theorem.

Approximations: (13 Lecture Sessions)

Legendre, Hermite and Laguerre polynomials, weak vs. strong convergence in normed spaces,
approximation in normed spaces, approximation in Hilbert spaces, best approximation and uniqueness,
strict convexity, uniform approximation, Chebyshev polynomials, splines, solvability of operator equations
and the basic properties of the spectra.

References:

1. E. Kreyszig, Introductory Functional Analysis with Applications, Wiley, 2007.

2. B. V. Limaye, Functional Analysis, 3rd edition, New Age International Publishers, 2025.

3. A. Bressan, Lecture Notes on Functional Analysis: With Applications to Linear Partial Differential
Equations, AMS, 2013.

4. H. Brezis, Functional Analysis, Sobolev Spaces and Partial Differential Equations, Springer, 2010.
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MA4021E DIFFERENTIAL GEOMETRY

Pre-requisites:MA1002E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Calculate and interpret the local and global invariants of curves using the Frenet—-Serret framework.
CO2: Analyze the structural properties of regular surfaces by computing the first fundamental form.

CO3: Compute and analyze the second fundamental form in local coordinates and use it to determine
Gaussian and mean curvatures and curvature properties of compact surfaces.

CO4: Understand smooth manifolds, coordinate charts and tangent spaces, and compute differentials and

gradients on manifolds with applications to constrained optimization.

Basic properties of curves:

Parametrized curves, regular curves, reparametrization, arc length, curvature, plane curves and signed
curvature, space curves, torsion and Frenet—Serret equation, fundamental theorems of plane and space
curves.

Regular and Curvature surfaces:

Regular surfaces, differentiable functions on surface, tangent plane, orientability, ruled surfaces, surfaces
of revolution, compact surfaces, first fundamental form, isometries of surfaces, equiareal and conformal
maps, Gauss map, Weingarten map, second fundamental form, Gaussian curvature, normal and geodesic
curvatures, second fundamental form in local coordinates, geometric characterisations of Gaussian
curvature, minimal surfaces, Gaussian curvature of compact surfaces.

Smooth manifolds and applications:

Smooth manifolds, coordinate charts and atlases, examples (sphere, cylinder, torus), tangent spaces via
curves, differentials of smooth maps, gradients on submanifolds, constrained optimization on manifolds,
applications to rotation groups and directional data.

References:

1. K. Tapp, Differential geometry of curves and surfaces, Springer, 2016.

2. A. N. Pressley, Elementary differential geometry, Springer Science & Business Media, 2010.
3. M. P. Do Carmo, Differential Geometry of Curves and Surfaces, Prentice Hall, 1976.

4. J. M. Lee, Introduction to smooth manifolds, Springer, 2013.
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MA4022E OPERATOR THEORY
Pre-requisites: MA1002E, MA1012E, MA2002E, MA3002E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Analyze the structural properties of bounded linear operators to characterize their numerical ranges
and invariant subspaces.

CO2: Apply spectral concepts and theorems in the analysis of bounded and compact operators.

CO3: Interpret and utilize the spectral theorem for self-adjoint and normal operators in both finite and
infinite-dimensional settings.

CO4: Employ continuous functional calculus to represent and study normal operators through their

spectra.

Bounded Operators on Hilbert Spaces: (13 Lecture Sessions)

Review of Hilbert space theory, bounded operators on Hilbert spaces and illustrative examples, the adjoint
of an operator, self-adjoint, normal, positive, unitary, isometric, and partial isometric operators, orthogonal
projections and invariant subspaces, numerical range and characterization of operators, introduction to
Banach algebras, invertibility, and the spectrum of an element.

Spectrum and Compactness in Operator Theory: (13 Lecture Sessions)

Gelfand—Mazur theorem, spectral radius formula, and spectral mapping theorem, subdivision of the
spectrum and properties of various spectra, computation of spectra with examples, existence of square
roots and the polar decomposition, compact operators and their properties.

Spectral Theorems and Functional Calculus in Hilbert Spaces: (13 Lecture Sessions)

Spectral theorem for compact self-adjoint and compact normal operators, Schmidt decomposition and the
monotone convergence theorem for self-adjoint operators, spectral theorem for self-adjoint operators,
continuous functional calculus, and the multiplication form of the spectral theorem, spectral theorem for
normal operators (both integral and multiplication forms), and continuous functional calculus for normal
operators.

References:

1. J. B. Conway, A course in Functional Analysis, 2nd edition, Springer-Verlag, 1990.

E. Kreyszig, Introductory Functional Analysis with Applications, Wiley, 2007.

B. V. Limaye, Functional Analysis, New Age International Publishers, Revised 3rd edition,
2014.

4. W. Rudin, Functional analysis, McGrawHill, 1991.

wn
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MA4023E ALGEBRAIC TOPOLOGY

Pre-requisites: MA3022E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Recall fundamental mathematical concepts, formulas, and theorems.
CO2: Explain mathematical principles and interpret algebraic and graphical representations
COa3: Evaluate routine and non-routine mathematical problems using appropriate methods and algorithms.

CO4: Analyze mathematical structures and justify results using logical reasoning.

Fundamental group: (15 lecture sessions)

Path homotopy: the fundamental group, examples of fundamental groups. Covering Spaces : definition,
examples, basic properties, universal covering spaces, fundamental group of S'. application of
fundamental groups in distinguishing topological spaces.

Simplicial homology groups: (13 Lecture Sessions)

Geometric complexes: orientation, chains, boundaries, cycles. betti numbers, homology groups,
computations of homology groups, induced maps between homology groups. Homology groups of S". The
Euler-Poincaré theorem.

Introduction to topological data analysis: (11 Lecture Sessions)

Abstract simplicial complexes, building simplicial complexes from data, Cech complexes, Vietoris—Rips
complexes, witness complexes, the nerve theorem, persistent homology, persistence diagrams and
barcodes, application of persistent homology.

References:

1. J. R. Munkres, Elements of Algebraic Topology, Addison Wesley Publishing Company,1993.
2. A Hatcher, Algebraic Topology, Cambridge University Press, 2001.

3. M. A. Armstrong, Basic Topology, Springer Verlag, 1983.

4. F. H. Croom, Basic Concepts of Algebraic Topology, Springer Verlag, 1978.

5. S. Deo, Algebraic Topology: A Primer, Hindustan Book Agency, 2003.

6. H. Edelsbrunner and J. L. Harer. Computational Topology: An Introduction, AMS, 2010.
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MA4024E APPROXIMATION THEORY

Pre-requisites: MA3002E, MA3024E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Understand the concepts of best approximation, existence, and uniqueness, and their relevance in
real-life mathematical applications.

CO2: Analyze major methods and theorems in approximation theory, including constructive and
polynomial approximation, positive linear operators, and direct and inverse theorems.

CO3: Apply approximation principles to computer-aided geometric design (CAGD), fractal approximation,
and quantum calculus frameworks.

CO4: Construct and implement neural network operators for function approximation, and evaluate their
performance through computational error estimation using MATLAB/Python.

Basics of Approximation Theory: (10 Lecture Sessions)

The best approximation, existence and uniqueness, examples of nonexistence, theoretical and
constructive approximation, uniform approximation by algebraic polynomials, Weierstrass’s theorems,
density theorems, the Bernstein polynomials, degree of approximation, Lipschitz classes, modulus of
continuity and smoothness, positive linear operators, Bohman Korovkin theorem.

Advance Approximation Theory and Operator Methods: (10 Lecture Sessions)

The inequalities of Markov and Bernstein, direct theorems, inverse theorems, good kernels, Ridge
functions, approximate and optimal reconstruction of functions, statistical convergence, King’s type
approximation, nonlinear approximation, quantum and post-quantum calculus, Lupas and Phillips
operators.

Computer Aided Geometric Design (CAGD) and Fractal Approximation: (10 Lecture Sessions)
Bezier curves and surfaces in computer aided geometric design (CAGD), de-Casteljau’s algorithm,
fractals, mandelbrot set, various fractal dimensions, Hausdorff measure and Hausdorff dimension, fractal
interpolation functions, fractal operators.

Neural Network Operators and Error Estimations: (09 Lecture Sessions)

Sigmoidal functions, interpolation, convolution, construction of neural network operators, approximation by
neural network operators, Boolean sum neural network operators, mixed modulus of continuity,
programming of operators approximating functions via MATLAB/Python and error estimations.

References:
1. M. J. D. Powell, Approximation Theory and Methods, Cambridge University Press, 1981.
2. N. L. Carothers, A Short Course on Approximation Theory, Cambridge University Press, 1998.
3. L. N. Trefethen, Approximation Theory and Approximation Practice, 2nd edition, SIAM, 2019.
4. G. Farin, Curves and Surfaces for CAGD: A Practical Guide, 5th edition, Morgan Kaufmann

Publishers, 2002.
W. Cheney and W. A. Light, A Course in Approximation Theory, AMS, 2009.

o
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MA3025E FIELD THEORY

Pre-requisites: MA1014E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Analyze the structural properties of groups and rings by utilizing Sylow’s Theorems, class equations,
and the properties of prime and maximal ideals within quotient structures.

CO2: Differentiate and classify various types of integral domains based on their structural properties.

CO3: Apply the theory of field extensions to identify algebraic and transcendental elements, and construct
classical ruler-and-compass field extensions.

CO4: Analyze splitting fields, algebraic closures, finite fields, and cyclotomic fields, and determine whether

a given field extension is separable or inseparable.

Structure of Groups and Rings: (10 Lecture Sessions)

Group actions, class equation, Sylow's theorems, direct product of groups, structure theorem for finite
abelian groups, rings, integral domains, ideals, ring homomorphisms and quotient rings, properties of
ideals, prime and maximal ideals, rings of fractions.

Polynomial Rings: (09 Lecture Sessions)
Euclidean algorithm and Euclidean domains, principal ideal domains (PIDs) and unique factorization
domains (UFDs), Gauss lemma, polynomial rings and their properties.

Field Extensions: (20 Lecture Sessions)

Definition of fields, characteristic, and prime subfields, field extensions and their degrees, algebraic and
transcendental elements and extensions, finitely generated field extensions, classical ruler-and-compass
constructions, splitting fields and normal extensions, algebraic closures, finite fields, cyclotomic field,
separable and inseparable extensions.

References:

1. D. S. Dummit and R. M. Foote, Abstract Algebra, Wiley, 3rd edition, 2011.

2. |. N. Herstein, Topics in Algebra, Wiley, 2nd edition, 1975.

3. J.B. Fraleigh, A First Course in Abstract Algebra, Pearson Education, 8th edition, 2022.

4. J. A Gallian, Contemporary Abstract Algebra, CRC Press Taylor & Francis Group, 10th edition,
2021.
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MA3026E GRAPH THEORY

Pre-requisites: NIL

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the fundamental concepts and terminologies of graph theory.
CO2: Analyze matching and coloring problems in graphs and determine appropriate solution strategies.
CO3: Apply and evaluate standard graph algorithms to solve computational problems.

CO4: Apply graph theory concepts to model and solve problems in network applications.

Graphs: (13 Lecture Sessions)
Graphs, subgraphs, paths and cycles, trees, connectivity, cut vertices, bridges, shortest path problems,
Eulerian and Hamiltonian graphs, Chinese postman problem, travelling salesman problem.

Matchings and colorings: (13 Lecture Sessions)
Matchings, augmenting paths, marriage problem, personnel assignment problems, planar graphs,
Euler's formula, dual of a graph, vertex coloring, edge coloring cliques, map coloring.

Directed graphs and Networks: (13 Lecture Sessions)
In degree and out degree, tournaments, traffic flow, flows and cuts, the Ford and Fulkerson algorithm,
separating sets, max-flow min cut theorem.

References:

1. A.Bondy and U.S.R. Murty, Graph Theory, Springer, 2008.

2. R. Diestel, Graph Theory, Springer, 2017.

3. J.Clark and D. A. Holton, A first look at Graph Theory, World Scientific, 1995.
4. F.Harary, Graph Theory, CRC Press, 2018.

Dual Degree (B.Tech.-M.Tech.) Curriculum 2026 56 of 77



Department of Mathematics, National Institute of Technology Calicut

MA3027E ADVANCED LINEAR ALGEBRA

Pre-requisites: MA1012E, MA2002E LiTlPrlolc

Total Lecture Sessions: 39

Course Outcomes:

CO1: Apply advanced linear algebra concepts—eigenvalues, canonical forms, matrix decompositions,
and quadratic forms—to analyze and classify algebraic structures.

CO2: Apply eigenvalue principles, variational theorems, norms, and spectral theory to analyze spectral
behavior.

CO3: Analyze non-negative matrices using Perron—Frobenius theory and Birkhoff’'s theorem.

CO4: Apply and evaluate characterizations of positive definite matrices using the Schur product theorem

and classical matrix inequalities.

Review of vector spaces, bases and dimensions, linear transformations, eigenvalues and eigenvectors,
diagonalization, simultaneous triangulation and diagonalization, the primary decomposition theorem,
cyclic decomposition and the rational and Jordan canonical forms, computation of invariant factors,
bilinear and quadratic forms, symmetric and skew-symmetric bilinear forms, real quadratic forms,
Sylvester's law of inertia, positive definiteness.

Hermitian matrices and congruences, characterizations, variational principles of eigenvalues, Courant
Fischer minimax theorem, Weyl’'s inequality and Cauchy’s interlacing theorem, algebraic, analytic and
geometric properties of vector norms, various matrix norms, Gershgorin’s theorem, spectral radius and
Gelfand’s formula.

Positive definite matrices, various characterizations, Schur product, Hadamard and Fischer inequalities,
non-negative matrices, Perron-Frobenius theory, Birkhoff theorem for doubly stochastic matrices.

References:

1. R. A.Horn and C. R. Johnson, Matrix Analysis, 2nd edition,Cambridge University Press, 2013.
2. F. Zhang, Matrix Theory: Basic Results and Techniques, 2nd edition, Springer, 2011.

3. M. Fiedler, Special Matrices and Their Applications in Numerical Mathematics, 2nd edition,
Dover Publications, 2008.

4. H. E. Rose, Linear Algebra: A Pure Mathematical Approach,1st edition, Birkhauser, 2002.

5. S. Axler, Linear Algebra Done Right, 2nd edition, Springer Verlag, 1997.

6. K. Hoffman and R. Kunze, Linear Algebra, 2nd edition, Pearson Education, 2015.
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MA3028E REPRESENTATIONS OF FINITE GROUPS

Pre-requisites: MA1012E, MA1014E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the fundamental concepts and definitions in the representation theory of finite groups.
CO2: Interpret key concepts in representation theory using appropriate examples.
CO3: Formulate and prove major results and theorems in representation theory.

CO4: Apply representation theory techniques to solve related mathematical problems.

Representation of finite groups, definition and examples, symmetric and exterior powers, group algebra,
Maschke’s theorem, simple modules over group algebras, characters and orthogonality relations, Fourier
analysis on finite abelian groups, Burnside's two prime theorems, construction of character tables with

examples.

Permutation representations, induced representations, Frobenius reciprocity, representation theory of
symmetric groups, partitions and tableau, Young diagrams and Frobenius character formula, Brauer's

theorem on induced characters.

References:

1. B. Steinberg, Representation Theory of Finite Groups, Springer, 2012.

2. J.P. Serre, Linear Representations of Finite Groups, Springer, 2012.

3. W. Fulton and J. Harris, Representation Theory, A First Course, Springer, 1991.

4. E. Kowalski, An Introduction to the Representation Theory of Groups, AMS, 2014.
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MA3029E CRYPTOGRAPHY

Pre-requisites: MA1006E, MA1015E

Total Lecture sessions: 39
Course Outcomes:

CO1: Explain the principles of modern cryptosystems and apply them in practical applications.

CO2: Analyze symmetric-key encryption algorithms and their security properties.

CO3: Apply public-key cryptographic algorithms in the design of secure systems.

CO4: Evaluate the security and performance of hash functions, message authentication codes (MACs),

and digital signatures.

Introduction and Mathematical Foundations: (6 Lecture Sessions)
Overview of cryptography, number theory, modular arithmetic, extended Euclid’s algorithm, Euler’s
theorem, Fermat’s little theorem, examples of easy and hard problems in computational number theory.

Symmetric-Key Encryption: (16 Lecture Sessions)

One-time pad, perfect secrecy, stream ciphers, LFSRs, RC4, block ciphers (Feistel, Even-Mansour), PRP
& PRF, CPA securityy, modes (CBC, CTR), attacks-exhaustive search, linear cryptanalysis,
meet-in-the-middle (MITM), side channels, definition of hash functions and properties, unkeyed hash
functions, keyed hash functions, message authentication codes (MAC), the random oracle model (ROM).

Public Key Cryptography: (12 Lecture Sessions)
Cryptography using arithmetic modulo primes: Diffie-Hellman key exchange, discrete log assumption,
ElGamal encryption, CCA security, RSA & Rabin functions, trapdoor permutations, OAEP encryption.

Digital Signatures: (5 Lecture Sessions)
Definitions & applications, RSA signatures, hash-based signatures, certificates, transparency &
revocation.

References:

1. D. Boneh and V. Shoup, A Graduate Course in Applied Cryptography, Stanford University, 2024.

2. W. Stallings, Cryptography and Network Security: Principles and Practice, 7th edition, Pearson
Education, 2017.

3. J.Katz and Y. Lindell, Introduction to Modern Cryptography, 3rd edition, CRC Press, 2021.

4. D. R. Stinson and M. B. Paterson, Cryptography: Theory and Practice, 4th edition, CRC Press,
2018.
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MA4025E FUZZY GRAPH THEORY

Pre-requisites: MA3026E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the fundamental concepts of fuzzy set theory and fuzzy graph theory.
CO2: Analyze various connectivity concepts in fuzzy graph theory.
COa3: Classify and illustrate different structures in fuzzy graph theory.

CO4: Apply fuzzy graph theory concepts to analyze real-world applications.

Fuzzy sets and graphs: (11 Lecture Sessions)
Fuzzy sets, fuzzy relations, fuzzy graphs, connectedness, fuzzy cut vertices, cut sets, fuzzy bridges, fuzzy
trees, blocks, cycle connectivity.

Connectivity in fuzzy graphs: (10 Lecture Sessions)
Strong edges, vertex connectivity, edge connectivity, separating sets, Menger’s theorem, connectedness
level, acyclic level, bonds and cutbonds.

Fuzzy trees and blocks: (18 Lecture Sessions)

Characterizations of fuzzy trees, fuzzy blocks, blocks of a fuzzy graph, critical blocks, block graphs,
K2-block graphs, connectivity transitive and cyclically transitive fuzzy graphs, bandwidth problems, human
trafficking networks, communication networks, fuzzy image processing.

References:

1. S. Mathew, J. N. Mordeson and D. S. Malik, Fuzzy Graph Theory, Springer, 2018.

2. J.N. Mordeson and P. S. Nair, Fuzzy Graphs and Fuzzy Hypergraphs, Physica Verlag, 2000.
3. J. N. Mordeson and S. Mathew, Advanced Topics in Fuzzy Graph Theory, Springer, 2019.

4. M. Pal, S. Samanta and G Ghorai, Modern Trends in Fuzzy Graph Theory, Springer, 2020.
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MA4026E ANALYTIC NUMBER THEORY

Pre-requisites: MA1008E

Total Lecture sessions: 39

Course Outcomes:

CO1: Explain arithmetic functions and analyze the distribution of prime numbers.
CO2: Apply summation formulae to determine the average order of arithmetic functions.
CO3: Compute characters of finite groups and analyze their properties.

CO4: Explain and analyze the Prime Number Theorem and its consequences.

Arithmetic functions: (15 Lecture Sessions)

Mobius function, Euler totient function, divisor function, sum of divisor function, Mangoldt function,
Dirichlet product of arithmetical functions, Dirichlet inverses, the group structure of arithmetical functions,
Méobius inversion formula, Abel’'s summation formula, multiplicative function, Euler’s summation formula,
elementary asymptotic formula, average order of arithmetic functions.

Groups and Characters: (10 Lecture Sessions)
Review of groups and subgroups, characters of finite abelian groups, character group, Dirichlet
characters, finite abelian groups and characters, sums involving Dirichlet characters, Gauss sums.

Dirichlet series: (14 Lecture Sessions)

Dirichlet series, half plane of absolute convergence of a Dirichlet series, Euler products, analytic
properties of Dirichlet series, Riemann zeta function, Dirichlet L-functions, analytic proof of the prime
number theorem, Dirichlet theorem on primes in arithmetic progression.

References:

1. T. M. Apostol, Introduction to Analytic Number Theory, Springer-Verlag, 1991.

2. H. lwaniec and E. Kowalski, Analytic Number Theory, AMS, 2004.

3. M. R. Murty, Problems in Analytic Number Theory, Springer, GTM, 2008.

4. J. M. De Koninck and F. Luca, Analytic Number Theory: Exploring the Anatomy of Integers, AMS,
2012.
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MA4027E ELLIPTIC CURVE

Pre-requisites: MA2002E, MA1006E, MA1008E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the projective plane and derive the Weierstrass normal form of a cubic curve.

CO2: Analyze the group structure of points on elliptic curves over various fields.

CO3: Apply elliptic curve methods in integer factorization and primality testing.

CO4: Interpret elliptic curves as compact Riemann surfaces of genus one and examine their structure as

Riemannian manifolds.

Introduction: (12 Lecture Sessions)

Introductory material on 2-dimensional projective geometry, the group law on a cubic, Weierstrass normal
form of a cubic, singularities, elliptic curves over rational, isogenies, torsion points and Mordell-Weil
theorem.

Elliptic curve over finite field: (17 Lecture Sessions)

Finite field arithmetic, polynomial arithmetic, the Frobenius endomorphism, division polynomial, Hasse’s
theorem, point counting, baby-steps giant steps, Schoof’s algorithm, discrete logarithm problem, index
calculus, smooth numbers, and factoring integer, elliptic curve factorization method, elliptic curve primality
testing, elliptic curve cryptography.

Elliptic curve over the complex numbers: (10 Lecture Sessions)
Elliptic functions, Eisenstein series, the Weierstrass w-function, complex tori, the j-function, the
uniformization theorem, and isogenies.

References:

1. L. C. Washington, Elliptic Curves: Number Theory and Cryptography, 2nd edition, Chapman &
Hall/CRC, 2008.

2. J. Silverman, The Arithmetic of Elliptic Curves, Springer, 2009.

3. J. Silverman and John Tate, Rational points on Elliptic Curves, Springer, 1992.

4. J.W.S. Cassels, Lectures on Elliptic Curves, Cambridge University Press, 2012.

5. N. Koblitz, A Course in Number Theory and Cryptography, Springer Verlag, 1991.
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MA3030E TOPICS IN FRACTIONAL CALCULUS

Pre-requisites: MA3002E

Total Lecture sessions: 39

Course Outcomes:

CO1: Explain fundamentals of gamma function, beta function, Mittag-Leffler function, and fractional
calculus.

CO2: Apply Riemann-Liouville derivative and Caputo derivative to compute fractional derivatives and
solve problems.

COa3: Analyze linear fractional differential equations and their properties.

CO4: Formulate and solve applications such as Abel integral equation and fractional diffusion equation.

Gamma function and its properties, beta function, contour integral representation, Mittag-Leffler function
and its relation with other functions, Laplace transform and derivative of Mittag-Leffler function,
integer-order derivatives, integrals and their geometric and physical interpretations, motivation and history
of fractional calculus.

Fractional Derivatives: Grunwald-Letnikov, Riemann-Liouville and Caputo’s fractional derivative (left and
right fractional derivatives), properties of fractional derivatives, Leibniz rule for fractional derivatives,
geometric and physical interpretation of fractional integration and fractional differentiation, computation of
these fractional derivatives.

Laplace transforms of fractional derivatives, Fourier transforms and Mellin transforms of fractional
derivatives, linear fractional differential equations, equation of a general form, existence and uniqueness
theorem, Laplace transform method, standard fractional differential equations, Methods for solving
fractional order equations: Mellin transform, power series, numerical evaluation of fractional derivatives.

Fractional Differential Equations: introduction, linearly independent solutions, solutions of the
homogeneous and non-homogeneous fractional differential equations, reduction of fractional partial
differential equations to ordinary differential equations, applications of fractional calculus: Abel’s integral
equation, fractional diffusion equation.

References:

1. K. B. Oldham and J. Spanier, The Fractional Calculus, San Diego, Academic Press, 1974.

2. K. S. Miller and B. Ross, An Introduction to the Fractional Calculus and Fractional Differential
Equations, Wiley, 1993.

3. |. Podlubny, Fractional Differential Equations, San Diego, Academic Press, 1999.
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MA3031E COMPUTATIONAL TECHNIQUES for PDEs

Pre-requisites: MA2009E, MA2018E

Total Lecture Sessions: 39
Course Outcomes:

CO1:Classify hyperbolic PDEs and analyze numerical schemes using consistency, stability, convergence,
CFL condition, and Von-Neumann analysis.

CO2: Apply finite difference methods to solve one- and two-dimensional parabolic and elliptic equations.
CO3: Evaluate the accuracy and stability of numerical schemes such as Lax-Friedrichs, Lax-Wendroff,
and Crank—Nicolson methods.

CO4: Formulate and implement finite volume methods for conservation laws and advection—diffusion
equations.

CO5: Implement the numerical methods and visualize the numerical solutions.

Introduction to hyperbolic partial differential equations, Naive, upwind, downwind, Lax-Friedrichs,
well-posedness, consistency, stability, and convergence, CFL condition, Fourier analysis, Von-Neumann
theory, Lax-Wendroff method.

Finite difference methods for one dimensional heat equation, explicit, implicit, and Crank-Nicolson
schemes, error analysis, truncation errors and consistency, stability, convergence, Richardson method,
Du-Fort Frankel scheme, two-dimensional heat equation, explicit and implicit finite difference scheme, ADI
method, finite difference methods for elliptic PDEs, consistency, stability, and convergence.

Finite volume method: general formulation of conservation laws, fundamentals of the finite volume
approach, discretization techniques, numerical flux functions, solution of the one-dimensional heat
equation with Neumann boundary conditions, advection—diffusion equation, extension to systems of
partial differential equations.

Implementation of the numerical methods in C/C++ or MATLAB.

References:

1. G. D. Smith, Numerical Solution of Partial Differential Equations: Finite Difference Methods,
Oxford University Press, 1985.

2. K. W. Morton & D. F. Mayers, Numerical Solution of Partial Differential Equations: An Introduction,
Cambridge University Press, 2005.

3. J. W. Thomas, Numerical Partial Differential Equations: Finite Difference Methods, Springer,
1995.

4. R. J. Leveque, Finite Volume Methods for Hyperbolic Problems, Cambridge University Press,
2002.
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MA4028E DEEP LEARNING

Pre-requisites: MA2012E, MA3003E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the theoretical foundations of neural networks and training algorithms.
CO2: Design and implement deep learning architectures such as CNNs, autoencoders, and RBMs.
CO3: Analyze and apply deep architectures for tasks involving vision, sequential, and generative data.

CO4: Evaluate deep learning models using performance metrics and identify strategies to improve
generalization.

Foundations of Machine Learning and Neural Networks: (10 Lecture Sessions)

Fundamentals of machine learning, supervised, unsupervised, and reinforcement learning, neural network
basics, architecture, perceptron model, multi-layer perceptron, learning process, loss functions, gradient
descent, and optimization, backpropagation algorithm, overfitting and regularization techniques.

Deep Architectures and Unsupervised Learning Models: (10 Lecture Sessions)

Introduction to deep networks, definition, motivation, and applications, principal component analysis
(PCA), restricted Boltzmann machines (RBM), sparse autoencoders and deep belief networks (DBN),
hidden Markov models (HMM) and their role in sequence modeling.

Convolutional Neural Networks and Variational Models: (10 Lecture Sessions)

CNN fundamentals, architecture, activation functions, pooling; handling vanishing gradient problem,
dropout, batch normalization, and weight initialization, greedy layer-wise pre-training, advanced CNN
architectures, AlexNet, VGGNet, GoogleNet, ResNet, DenseNet, specialized networks, MIL, highway
networks, fractal networks, siamese networks, graphical models, Bayesian networks, variational
autoencoders (VAE).

Sequence Models and Generative Learning: (09 Lecture Sessions)
Sequence Learning, 1D CNN, recurrent neural network (RNN), gated RNN, long short-term memory
(LSTM), generative modeling, generative adversarial network (GANs), zero-shot learning, applications.

References:

1. 1. Goodfellow, Y. Bengio and A. Courville, Deep Learning, MIT Press, 2016

2. M. A Nielsen, Neural Networks and Deep Learning, Determination Press, 2015
3. Y. Bengio, Learning Deep Architectures for Al, Now Publishers Inc., 2009.

4. C. C. Aggarwal, Neural Networks and Deep Learning, Springer, 2023.

Dual Degree (B.Tech.-M.Tech.) Curriculum 2026 65 of 77



Department of Mathematics, National Institute of Technology Calicut

MA4029E MATHEMATICAL MODELLING AND SIMULATIONS

Pre-requisites: MA2018E, MA2009E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Understand the fundamental principles and techniques of mathematical modeling used to represent
real world problems.

CO2: Formulate differential, algebraic, and statistical models for scientific and engineering problems and
interpret their physical significance.

CO3: Apply numerical and computational simulation methods to analyze and solve the developed
mathematical models using appropriate software tools.

CO4: Evaluate simulation results, validate models with real-world data, and effectively communicate

insights for decision-making and system improvement.

Teleological nature of modeling and simulation, modeling and simulation scheme, model and its different

types, input—output systems, general form of experimental data, the problem solving scheme.

Strategies to set up simple models, finite models, statistical models, stochastic models, formulation of a

model, densities and distributions, laws and conservation principles.

The uniform distribution, discrete and continuous models, The normal distribution, manipulation into its
most respective form, evaluation of a model, case studies, continuum model, the linear regression
problem, transport phenomena, diffusion and air pollution models, microwave heating, communication and

information technology.

References:
1. R. Aris, Mathematical Modelling Techniques, Dover, 1994,
2. C.L.DymandE. S. Ivey, Principles of Mathematical Modelling, Academic Press, 1980.
3. M. S. Klamkin, Mathematical Modelling: Classroom Notes in Applied Mathematics, SIAM, 1986.
4. Kai Velten, Dominik M. Schmidt, and Katrin Kahlen, Mathematical Modeling and Simulation:

Introduction for Scientists and Engineers, John Wiley & Sons, 2024.
A. Friedman and W. Littman, Industrial Mathematics for Undergraduates, SIAM, 1994.
6. Y. C. Fung, A First Course in Continuum Mechanics, Prentice Hall, 1969.
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MA4030E COMPUTATIONAL FLUID DYNAMICS

Pre-requisites: Nil

Total Lecture Sessions: 39

Course Outcomes:

CO1: Formulate conservation equations for fluid flow and heat transfer in integral and differential form.
CO2: Apply boundary layer concepts for real fluids for solving fluid flow and heat transfer problems.

COa3: Discretize PDEs using finite difference and finite volume methods.

CO4: Analyze and simulate fluid flow problems using computational fluid dynamics techniques.

Fundamental conceptions about fluids, some mathematical concepts and notations, kinematics of fluids,
the transport theorem, continuity equation, equation of motion, stress tensor, Euler’s equation,
Navier-Stokes equations, the energy equation, boundary and initial conditions, dimensional analysis,
Buckingham’s Pi theorem, Boussinesq approximation.

Basic properties of irrotational flow, incompressible and irrotational flow, stream lines, path lines, streak
lines, plane potential flow, Laplace equation, Bernoulli equation, Laminar flow, steady flow in a pipe, high
and low Reynold’s number flows, boundary layer theory, similarity solutions, Blasius solution.

Discretization techniques, discretisation techniques using finite difference methods, Taylor-Series and
control volume formulations, modelling of diffusion problems using finite volume method, one dimensional
steady state diffusion problems, discretization technique, solution methodology for linear and non-linear
problems, two and three dimensional discretization, discretization of unsteady diffusion problems, explicit,
implicit and Crank-Nicolson’s algorithm, stability of solutions, modelling of convection- diffusion problems,
one dimensional convection-diffusion problem, central difference scheme, hybrid and power law
discretization techniques, higher order schemes (QUICK algorithm), flow modeling, discretization of
incompressible flow equations, pressure based algorithm, SIMPLE and SIMPLER algorithms, Thomas
algorithm for tridiagonal matrix.

References:

1. H. K. Versteeg and W. Malalasekera, An Introduction to Computational Fluid Dynamics: The Finite
Volume Method, 2nd edition, Pearson Education, 2007.

2. J. D. Anderson Jr., Computational Fluid Dynamics: The Basics with Applications, McGraw Hill,
1995.

3. J. H. Ferziger and M. Peri¢, Computational Methods for Fluid Dynamics, 3rd edition, Springer,
2002.

4. C. Hirsch, Numerical Computation of Internal and External Flows, Vols. 1 & 2, Butterworth
Heinemann, 1990.

5. T. J. Chung, Computational Fluid Dynamics, Cambridge University Press, 2002.

P. Wesseling, Principles of Computational Fluid Dynamics, Springer, 2001.

C. A. J. Fletcher, Computational Techniques for Fluid Dynamics, Vol. 1 and 2, Springer, 1998.
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Dual Degree (B.Tech.-M.Tech.) Curriculum 2026 67 of 77



Department of Mathematics, National Institute of Technology Calicut

MA4031E NUMERICAL METHODS IN QUANTITATIVE FINANCE

Pre-requisites: MA1002E, MA2002E, MA2012E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Explain the mathematical foundation of key financial models.
CO2: Apply finite difference and Monte Carlo techniques to solve option pricing problems.
CO3: Implement numerical schemes for stochastic differential equations.

CO4: Analyze the accuracy and stability of computational finance algorithms.

Overview of financial markets and instruments, time value of money, arbitrage, portfolio theory, stochastic
processes, Brownian motion, Black-Scholes model formulation, derivation of the Black—Scholes partial
differential equation, finite difference methods (explicit, implicit, Crank—Nicolson), stability, convergence
analysis, option pricing using partial differential equation-based methods, exotic options.

Random number generation, variance reduction, simulation of stochastic differential equations, Milstein
methods, Monte Carlo valuation, path-dependent options, confidence intervals, error estimation, finite
element approach to option pricing, spectral and meshless methods, finance comparison with Finite
Difference Method (FDM), Finite Element Method (FEM), and Monte Carlo techniques.

Implementation using MATLAB, calibration of models using real data sensitivity analysis, Case studies:
barrier options, Asian options, interest rate models.

References:
1. P. Wilmott, Introduction to Quantitative Finance, Wiley, 2013.
2. D. Tavella, Pricing Financial Instruments: The Finite Difference Method, Wiley, 2000.
3. P. Glasserman, Monte Carlo Methods in Financial Engineering, Springer, 2004.
4. D. J. Higham, An Introduction to Financial Computing with MATLAB, Cambridge University Press,

2004.
Y. K. Kwok, Mathematical Models of Financial Derivatives, Springer, 2008.
J. C. Hull, Options, Futures, and Other Derivatives, Pearson, 2016.
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MA3032E REGRESSION ANALYSIS

Pre-requisites: MA2012E

Total Lecture Sessions: 39
Course Outcomes:

CO1: Define the multiple linear regression model and calculate the parameter estimates using statistical
methods.

CO2: Apply model diagnostic and validation techniques to assess regression assumptions and model fit.
CO3: Identify collinearity among predictors and implement appropriate remedial measures.

CO4: Explain concepts of non-linear and robust regression and distinguish these from linear regression
models.

Fundamentals of Linear Models: (10 Lecture Sessions)

Introduction to Regression Models: introduction to the concepts and ideas of regression models, simple
linear regression, mathematical model of simple linear regression, least-squares estimation, hypothesis
testing, interval estimation, predictions and applications.

Multiple Linear Regression Models and Model Assessment: (19 Lecture Sessions)

Multiple Linear Regression Model: mathematical model of multiple linear regression, least-squares
estimation, hypothesis testing, interval estimation, predictions, and applications, specification issues,
polynomial regression model, mathematical model of polynomial regression, indicator variables, and a
regression approach to analysis of variance, model checking, residual analysis, outliers, lack-of-fit test,
leverage and influence, and multicollinearity, model selection, techniques for variable selection and model
building.

Non-Linear and Generalized Linear Models: (10 Lecture Sessions)

Non-Linear Regression: introduction to nonlinear regression, transformations to a linear model, and
statistical inferences, generalized linear models, logistic regression models, Poisson regression models,
and generalized linear models.

References:

1. D. C. Montgomery, E. A. Peck and G. G. Vining, Introduction to Linear Regression Analysis,
Wiley, 2012.

2. N.R. Draper and H. Smith, Applied Regression Analysis, Wiley, 1998.

3. C. R. Rao, H. Toutenburg, Shalabh and C. Heumann, Linear Models and Generalizations: Least
Squares and Alternatives, Springer Berlin Heidelberg, 2008.

4. S.R. Searle, Linear Models (Wiley Classics Library), Wiley, 1997.

T. P. Ryan, Modern Regression Methods, Wiley, 2009.

G. A. F. Seberand C. J. Wild, Nonlinear Regression,Wiley, 2003.
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MA3033E SOFTWARE RELIABILITY

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes

CO1: Study, model, and interpret software and system reliability problems using appropriate probabilistic
and statistical techniques, including reliability functions, failure rates, MTTF, and MTBF.

CO2: Apply and analyze fundamental software reliability growth models, including exponential, Weibull,
and classical SRGMs, to describe and assess software failure behavior.

CO3: Evaluate reliability and perform reliability prediction using computational tools.

CO4: Apply reliability estimation techniques using real-life case studies data.

Fundamentals of Software and System Reliability: (13 Lecture Sessions)

Concepts of reliability- maintainability, and availability, faults, failures, and error classification, reliability
block diagrams and reliability functions, basics of failure rate, mean time to failure (MTTF), and mean time
between failures (MTBF), introduction to software faults and dependability modelling.

Software Reliability Models: (13 Lecture Sessions)

Reliability growth and life-cycle models, exponential and Weibull failure time models, software reliability
growth models (Jelinski-Moranda, Musa, Goel-Okumoto), introduction to Bayesian models and
parameter estimation, concept of black-box vs. white-box software reliability models.

Reliability Prediction and Testing: (13 Lecture Sessions)

Data collection and reliability estimation, prediction accuracy, prequential likelihood ratio, U-Plot, V-Plot,
reliability testing methods, white-box and black-box testing, operational profiles, incorporating testing
coverage and uncertainty into reliability estimation, case studies in software reliability assessment and
improvement.

References:

—_

M. R. Lyu, Handbook of Software Reliability Engineering, McGraw Hill, 1995.

2. J.D. Musa, Anthony Lannino, and Kazuhira Okumoto, Software Reliability: Measurement,
Prediction, Application, McGraw-Hill, 1987.

3. A.K. Verma, Srividya Ajit, and Durga Rao Karanki, Reliability and Safety Engineering, Springer,

2016.

H. Pham, System Software Reliability, Springer, 2006.

R. S. Pressman, Software Engineering: A Practitioner’s Approach, McGraw Hill, 2023.
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MA3034E DESIGN AND ANALYSIS OF EXPERIMENTS

Pre-requisites: MA2012E

Total Lecture Sessions: 39
Course Outcomes

CO1: Understand and apply the principles of experimental design to real-life problems.
CO2: Analyze experimental data using ANOVA technique.
CO3: Apply factorial and block designs in practical problems.

CO4: Use computational tools for design and analysis of data.

Principles and Basic Designs: (13 Lecture Sessions)

Principles of experimentation, randomization, replication, local control, experimental error; analysis of
variance (ANOVA), completely randomized design (CRD), randomized block design (RBD), latin square
design (LSD).

Factorial and Fractional Designs: (13 Lecture Sessions)
Factorial experiments, main and interaction effects, 22 and 23 factorial designs, confounding and aliasing,
fractional factorial designs, introduction to response surface methodology (RSM).

Advanced and Computer-Aided Designs: (13 Lecture Sessions)
Balanced incomplete block design (BIBD), split-plot design, Taguchi methods, optimal designs (D-optimal
and A-optimal), design and analysis using SPSS/R/Python.

References:
1. D. C. Montgomery, Design and Analysis of Experiments, Wiley, 2019.
2. W. G. Cochran and G. M. Cox, Experimental Designs, Wiley, 1992.
3. G.E.P.Box, J. S. Hunter and W. G. Hunter, Statistics for Experimenters, Wiley, 2005.
4. S. E. Maxwell, H. D. Delanney and K. Kelley, Designing Experiments and Analyzing Data- A

Model Comparison Perspective, 4th edition, Routledge, 2026.
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MA3035E STATISTICAL ANALYSIS WITHR

Pre-requisites: MA1006E, MA2012E

Total Lecture Sessions: 39

Course Outcomes:

CO1: Apply fundamental statistical concepts such as measures of central tendency, variability, probability
distributions to datasets using R.

CO2: Handle and analyze data in the R software thereby helping them to understand meaningful
statistical analysis performed on the data.

CO3: Understand and Apply various hypothesis testing procedures using R.

CO4: Extract data and perform basic statistical operations on datasets using R.

Data Visualization and Descriptive Statistics using R: (15 Lecture Sessions)

Introduction, commands and functions- graphics using R - bar diagrams - simple bar diagram, subdivided
bar diagram, multiple bar diagram, Piediagram, stem and leaf diagram, boxplot for one and more than one
variables, histogram for raw data, histogram for equal and unequal class intervals, frequency polygon,
ogive curves, empirical distribution function, saving the diagram and graph in MS-Word file- computation
of measures of central tendency, dispersion, skewness and kurtosis.

Probability Distribution & Testing of Hypothesis: (12 Lecture Sessions)

Probability distributions, simulation from distributions, computations of probabilities, cumulative
probabilities, quantiles and drawing random samples using d, p, q, r functions for binomial, Poisson and
normal distributions, hypothesis testing-test for means, Chi-square test for independence of attributes,
ANOVA - one way and two way classification, non parametric tests, Wilcoxon’s signed rank test, Mann
Whitney test.

Regression and Correlation Analysis: (12 Lecture Sessions)

Regression analysis using R, regression vs correlation, simple and multiple regression, ordinary least
square, assumptions of classical normal linear regression model (CNLRM), corrplot package, car
package, imtest package, scatter plot (using plot function and ggplot2 package) to understand the
relationship between variables - Im - abline - predict - residue function - interpreting 'summary table' of the
regression model, normality of residuals (qgnorm and qgPlot functions), multicollinearity (correlation
matrix, corrplot and vif function), autocorrelation (acf plot and Durbin Watson test), heteroscedasticity
(graphically, bptest, nevTest), impact on estimates and inferences in case of violations of assumptions of
CNLRM, methods to take care of violations.

References:

1. M. Gardener, Beginning R: The Statistical Programming Language, Wiley Publications, 2018.

2. W.J. Braun and D. J. Murdoch, A First Course in Statistical Programming with R, Cambridge
University Press, 2007.

M. J. Crawley, Statistics - An Introduction using R, John Wiley, 2006.

S. G. Purohit, S. D. Gore and S. R. Deshmukh, Statistics Using R, 2nd edition, Narosa Publishing
House, 2015.

5. B. Shahababa, Biostatistics with R, Springer, 2011.

W
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MA4032E STATISTICAL RELIABILITY THEORY

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Understand and apply basic concepts and measures in reliability analysis.
CO2: Apply probability models to describe system reliability.

COa3: Evaluate and estimate reliability using real life data.

CO4: Model repairable systems and predict their reliability growth.

Fundamentals of Reliability and Lifetime Distributions: (13 Lecture Sessions)

Basic concepts of reliability- maintainability, and availability, lifetime random variables, survival and hazard
functions- mean time to failure (MTTF), exponential and Weibull models, lognormal and gamma
distributions, reliability of series, parallel, and k-out-of-n systems, reliability block diagrams and structure
functions.

Statistical Inference in Reliability: (13 Lecture Sessions)

Point and interval estimation of reliability parameters- maximum likelihood estimation, confidence bounds,
Bayesian estimation, hypothesis testing for reliability and failure rate, analysis of censored and truncated
data, life testing and estimation using sample data, fitting lifetime models using R/Python.

System Reliability and Renewal Models: (13 Lecture Sessions)

System reliability modelling-minimal cut and path sets, importance measures, renewal process and
renewal function, repairable systems, mean number of failures, availability analysis, reliability growth
models such as Duane model, simulation and prediction of reliability for engineering and computing
systems.

References:

1. R. E. Barlow and F. Proschan, Statistical Theory of Reliability and Life Testing, Holt, Rinehart &
Winston, 1975.

W. Nelson, Applied Life Data Analysis, Wiley, 2003.

J. F. Lawless, Statistical Models and Methods for Lifetime Data, Wiley, 2003.

W. Q. Meeker and L. A. Escobar, Statistical Methods for Reliability Data, Wiley, 1998.

E. Balagurusamy, Reliability Engineering, Tata McGraw Hill, 2011.

M. Rausand, A. Barros and A. Hoyland, System Reliability Theory: Models, Statistical Methods,
and Applications, John Wiley & Sons, Inc. 2021.
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MA4033E MULTIVARIATE STATISTICAL ANALYSIS

Pre-requisites: Nil

Total Lecture Sessions: 39
Course Outcomes:

CO1: Understand and apply concepts of multivariate random variables and distributions.
CO2: Estimate and test parameters in multivariate settings.

CO3: Perform data reduction using principal component and factor analysis

CO4: Classify and cluster multivariate data using modern computational approaches.

Multivariate Random Variables and Distributions: (13 Lecture Sessions)

Random vectors- mean vector and covariance matrix, linear combinations and transformations,
multivariate normal distribution, properties and geometric interpretation-marginal and conditional
distributions, independence, covariance and correlation structure, Wishart distribution, Hotelling’s T2
distribution, and introduction to sampling distributions used in multivariate analysis.

Estimation, Hypothesis Testing, and Dimension Reduction: (13 Lecture Sessions)

Estimation of mean vector and covariance matrix-maximum likelihood estimation, confidence regions for
mean vector, testing equality of mean vectors (one-sample and two-sample tests), tests on covariance
matrices, principal component analysis (PCA), eigenvalues and eigenvectors, factor analysis — basic
concepts and estimation, interpretation of components and factors.

Multivariate Classification and Clustering Techniques: (13 Lecture Sessions)

Discriminant analysis — Fisher’s linear discriminant function, classification of observations into known
populations, logistic regression for classification, Mahalanobis distance-based discrimination, cluster
analysis — similarity and distance measures, hierarchical and non-hierarchical clustering, k-means and
Ward’s method, introduction to multidimensional scaling and visualization of multivariate data.

References:

1. R. A.Johnson and D. W. Wichern, Applied Multivariate Statistical Analysis, 6th edition, Pearson,
2007.

2. T.W. Anderson, An Introduction to Multivariate Statistical Analysis, 3rd edition, Wiley, 2003.

3. A. C. Rencher, Methods of Multivariate Analysis, 2nd edition, Wiley, 2002.

4. A Tilevik, Multivariate Statistics and Machine Learning in R For Beginners-With Applications in
Biology and Medicine, Springer, 2025.
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MAA4034E STATISTICAL DIGITAL SIGNAL PROCESSING

Pre-requisites: NIL

Total Lecture Sessions: 39

Course Outcomes:

CO1: Explain random processes and classification based on properties.

CO2: Apply signal modeling techniques to analyze practical systems.

CO3: Explain the principles of lattice filters and Wiener filtering and analyze their performance.

CO4: Apply power spectrum estimation methods to solve real-world problems.

Random Processes: (10 Lecture Sessions)
Discrete time random processes, random variables, random processes, filtering random processes,
spectral factorization, special types of random processes.

Signal Modeling: (12 Lecture Sessions)
Signal modeling, the least squares method, the Pade approximation, Prony’s method, finite data records,
stochastic models.

Filtering and Spectrum Estimation: (17 Lecture Sessions)

Lattice filters and Wiener filtering, the FIR lattice filter, split lattice filter, IIR lattice filters, stochastic
modeling, the FIR Wiener filter, IIR Wiener filter, discrete Kalman filter, spectrum estimation,
nonparametric methods, minimum variance spectrum estimation, the maximum entropy method,
parametric methods, frequency estimation, principal components spectrum estimation.

References:

1. M. H. Hayes, Statistical Digital Signal Processing and Modeling, John Wiley & Sons, 2004.

2. G. J. Miao and M. A. Clements, Digital Signal Processing and Statistical Classification, Artech
House, 2002.

3. R. M. Gray and L. D. Davisson, An Introduction to Statistical Signal Processing, Cambridge
University Press, 2004.
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MA4035E TIME SERIES ANALYSIS

Pre-requisites: NIL

Total Lecture Sessions: 39

Course Outcomes:

CO1: Explain stationary time series models and classify them based on their properties.
CO2: Apply time series model identification techniques to real-world problems.
CO3: Apply parameter estimation methods and analyze their effectiveness in practical situations.

CO4: Explain the spectral theory of stationary processes and apply it to real-world problems.

Stationary Time Series Models: (10 Lecture Sessions)

Stationary time series and ARMA models, fundamental concepts, stochastic process, the auto covariance
and auto-correlation functions, the partial auto-correlation function, white noise process, estimation of the
mean, auto-covariance, auto-correlation, and partial auto-correlation, stationary time series models, auto
regressive processes, moving average processes, auto regressive moving average (ARMA(p,q))
processes.

Model Identification and Forecasting: (14 Lecture Sessions)

ARIMA models and their identification, nonstationary time series models, nonstationarity in the mean, auto
regressive integrated moving average (ARIMA) models, nonstationarity in the variance and
auto-covariance, model identification, steps for model identification, inverse auto-correlation function,
extended sample auto-correlation function and other identification procedures, forecasting, minimum
mean square error forecasts, computation of forecasts, the ARMIA forecasts as a weighted average of
previous forecasts.

Parameter Estimation and Spectral Theory: (15 Lecture Sessions)

Parameter estimation and spectral theory, parameter estimation, diagnostic checking and model
selection, the method of moments, maximum likelihood method, non-linear estimation, ordinary least
square estimation in time series analysis, seasonal time series models: introduction, traditional methods,
seasonal ARIMA models, spectral theory of stationary processes, the spectrum, spectrum of some
common process, estimation of the spectrum, periodogram analysis, sample spectrum, smoothed
spectrum, ARMA spectral estimation.

References:

1. W. W. S. Wei, Time Series analysis — Uni-variate and Multi-variate Methods, Addison-Wesley
Publishing Company, Inc., 1994.
2. G. E. P. Box and G. M. Jenkins, Time Series Analysis Forecasting and Control, 3rd edition,

Holden-Day, San Francisco, 1986.
3. S. Makrodakis, Wheelwright and V. E. McGee, Forecasting: Methods and Applications, 2nd
edition, John Wiley and Sons, 1983.
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