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Preamble

The Department of Mathematics, LNM Institute of Information Technology, Jaipur has
been part of the LNMIIT since its inception year 2003-04.

Over the years the Department of Mathematics has evolved and grown in several
dimensions in terms of faculty recruitment, research output and the diversity of research
pursued. The Department has a good research atmosphere with highly qualified and
energetic faculty members backed up by excellent infrastructural facilities. The Department
at present has 11 full time faculty members including a senior distinguished professor
(retired from 1T Kanpur). The Department has organized several conferences, workshops
and short courses on different topics at regular intervals. The Department anchors C-MFC
sponsored by the DST-FIST. At present the Department is well equipped with all state-of-
the-art equipment and facilities.

The proposed M.Sc. in Mathematics and Computing Program is designed as per the current
needs of industry and academia. The program covers the basic courses in the areas of
Mathematics, Computing and Statistics. This curriculum also has a one year long project.
The program has also given the flexibility to take a good number of elective courses. A
student can also take MOOC courses as electives as per the Institute guidelines. This
provides a student with an ample opportunity to excel in the related areas of his/her interest.
This course also has an exit option after one-year as per the LNMIIT NEP 2020 regulations.



Program Educational Objectives(PEQOSs), Program Outcomes(POs), Program
Specific OQutcomes(PSOs) of M.Sc. Mathematics and computing program

Program Educational Objectives (PEOs)

The educational objectives of the M.Sc. (Mathematics and Computing) program are to
enable the students to

PEO-1: carry out advanced research in their specific field of interest in mathematics and
computing.

PEO-2: qualify for various careers in private companies, governmental institutions or in
academia.

PEO-3: pursue collaboration with the public and private sector in the form of
interdisciplinary research, projects and consultancy.

Program Outcomes (POs)

At the end of the program, a student is expected to

PO-1: understand mathematical concepts and their applications in computing.

PO-2: use techniques to solve problems posed in mathematical framework.

PO-3: apply basic and advanced principles of mathematics and scientific computing in
other areas of learning.

PO-4: identify, design, devise and apply appropriate computational techniques to model
and solve physical/engineering problems.

Program Specific Outcomes (PSOs)
At the end of the program, a student will be able to

PSO-1: acquire sound theoretical and practical understanding of mathematics and
computing to formulate and solve challenging problems

PSO-2: have necessary skills and expertise to pursue higher studies in mathematical and
computing sciences, and to take up jobs in software industries or research and
development organizations



M.Sc. in Mathematics and Computing curriculum

Semester- wise structure of the programme

15t Semester

Courses Type L T P |C
Real Analysis PC 3 1 0 |4
Linear Algebra PC 3 1 0 |4
Computer Programming PC 3 0 2 |4
Discrete Mathematical Structures PC 3 1 0 |4
Probability and Statistics PC 3 1 0 |4
Total Credits 20
2" Semester
Courses Type L T P |C
Data Structures and Algorithms PC 3 0 2 |4
Modern Algebra PC 3 1 0 |4
Statistical Inference PC 3 0 2 |4
Differential Equations PC 3 1 0 |4
Advanced Computational Tools PC 3 0 2 |4
Total Credits 20

Summer Term

Exit Option

Exit option after the first two semesters by completing minimum 40 credits and
completing an additional 2 skill-based courses of 3 credits each or 2 months of
internship/project in the summer term following the first year with PG Diploma in
Mathematics and Computing as per LNMIIT NEP 2020 regulations.

3"d Semester

Courses Type L T P C
Design and Analysis of Algorithms PC 3 1 0 4
Optimization Techniques PC 3 1 0 4
Mathematical Methods PC 3 1 0 4
Program Elective-I PE 3 0 0 3
Open Elective-I OE 3 0 0 3
M. Sc. Project PC 0 0 8 4
Total Credits 22
4" Semester
Courses Type L T P C
Theory of Computation PC 3 1 0 4
Numerical Analysis and Scientific Computing | PC 3 0 2 4
Program Elective-I11 PE 3 1 0 4
Open Elective-I11 OE 3 0 0 3
M. Sc. Project PC 0 0 8 4
Total Credits 19




Students can use MOOC courses through the platform approved by Department and as
per institute rules to complete credit requirements up to maximum 6-7 credits for elective
courses in category OE and PE.

Passing criterion for completion of M. Sc. Math and Computing program is CGPA >=5.5.

The M.Sc. Program in Mathematics and Computing is designed to offer a complete,
balanced combination of theory and applications. It will enable students to choose various
carrier paths including research labs, academic institutions, and private companies.

The Department has highly qualified and energetic faculty members backed up by
excellent infrastructural facilities.

Eligibility Criteria for M.Sc. Mathematics and Computing Programme:

Minimum 55% or equivalent CPI/ CGPA in B. Sc./ B. A/ B. E./ B. Tech/ B. Sc.
(Engineering) Mathematics should be a major subject in the above Bachelor degree.

Seats for M.Sc. Mathematics and Computing Programme:

Programme Branch Seats
M. Sc. Mathematics and 15
Computing

Modes of Admission for M.Sc. Mathematics and Computing Programme:

JAM Mode: Joint Admission test for Masters (JAM) qualified (in the year of admission)
students will be admitted directly to the Institute subject to the merit list and availability
of seats. (Note that the percentile should be above the cut-off score for the general
category.)

CUET-PG Mode: Central University Entrance Test (CUET-PG) exam qualified (in the
year of admission) students will be admitted directly to the Institute subject to the merit
list and availability of seats. (Note that the cut-off for the same will be decided post the

last date of application via this mode.)

Institute Online Admission Mode: Candidates can apply via the institute mode if
e The candidate does not have a JAM/ CUET-PG score card.

e JAM/ CUET-PG qualified candidates have missed the last date to fill the form in
their respective mode. (Note: JAM/ CUET-PG score will be null and void in this
mode)

Institute admission procedure will be via an online interview. The merit list will be
prepared on the performance of the candidate in the interview only. Candidates will be
admitted based on this merit list subject to availability of seats.



Selection Procedure

Admission will be conducted in stages via various modes, the merit list will also be
created in the following order:

e« JAM Mode: JAM qualified students based on their percentile. (Note: percentile
should be above the cut-off score for the general category.).

e CUET-PG Mode: CUET-PG qualified students based on the CUET score and
the cut-off decided by the Institute.

e Institute Admission Mode: Institute Admission Mode Qualified students based
on the score obtained in the online interview.

Financial Support:

A few assistantships (10 students) are available, on the basis of merit / selection as
Teaching Assistantship.

The assistantship amount at present is Rs 5,000/- per month. The student’s progress will
be reviewed at the end of each semester and based on that Department will recommend
the top 10 students for financial support for the next semester as per institute rules. For
the first semester, top 10 students will get assistance based on their rank in the admission
process.

Limited financial assistance for national and international travel to present research work
in reputed (Tier — I / Tier — 1) referred National / International conferences.
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Programme: Course Title: Course Code:
M.Sc. Real Analysis MTH...
Mathematics and
Computing
Type of Course: Prerequisites: Total Contact
Hours:
Program Core None
40L+12T
Year/Semester: Lecture (L) Tutorial (T) Practical(P) Credits:
Hrs/Week: Hrs/Week: Hrs/Week:
1/0dd 4
3 1 0

Learning Objective: Real Analysis is a foundational course in Mathematics, leading on to other
areas of analysis, such as topology and measure theory, complex analysis, functional analysis, and
harmonic analysis. It also provides essential tools for application in science and engineering.
Moreover, this course is an introduction to devising mathematical proofs and learning to write them

up.
Course outcomes (COs):
On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 | Procure knowledge in basic and fundamental concepts of point set 1
topology
CO-2 | Interpret accurate and efficient use of different techniques used in real 2
analysis in the understanding of sequence and series.
CO-3 - . I 3
Apply the concepts of continuity, mean value theorem and differentiability.

Department of Mathematics, LNMIIT Jaipur
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CO-4 | Apply skills learnt in the course solving Riemann -Stieltjes integrals, 3

applying the fundamental theorem of calculus and study of functions of
bounded variation

CO-5 | Analyze convergence of Sequence and series of functions, Weierstrass 4
approximation of continuous functions, Banach Contraction Principle,
Arzela-Ascoli Theorem, Implicit & Inverse function Theorem.

Course Topics:

UNIT -1

Finite, Countable, and Uncountable sets. Neighbourhoods, open set, limit point, closed
set, perfect set, dense set, relatively open, Compact sets, Heine - Borel theorem, 8 CcO1
Weierstrass Theorem, Perfect sets, Connected sets.

Unit-11

Sequences, Archimedean Property, subsequences, convergence, Cauchy sequences,
completeness, monotonic sequence, supremum, infimum, Bolzano-Weierstrass 7
theorem, limsup, liminf. Series, convergence of series, test of convergence, power
Series, absolute convergence.

CO2

Unit I1;

Limit and continuity of functions, continuity and compactness, continuity and
connectedness, discontinuities, uniformly continuous. 6
Differentiability, mean value theorem, continuity of derivatives.

CO3

Unit IV:

Riemann -Stieltjes integrals: definition and existence of integral, properties of integral,
integration and differentiations, the fundamental theorem of calculus. functions of 7 CcO4
bounded variation and integration w.r.t. functions of bounded variation

Unit Vv

Sequence and series of functions, pointwise convergence, uniform convergence,
uniformly convergence and continuity, uniformly convergence and integration,
uniformly convergence and differentiation. Weierstrass approximation of continuous 12 co5
functions, Banach Contraction Principle. Arzela-Ascoli Theorem, Implicit & Inverse
function Theorem.

Department of Mathematics, LNMIIT Jaipur Page | -3
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Text Books:
1. Ghorpade and Limaye: A Course in Calculus and Real Analysis (Undergraduate Texts in
Mathematics), 1st ed., Springer, 2006.
2. Ajit Kumar and S. Kumaresan, A basic course in Real Analysis, CRC Publications, 1st ed.
2014.
3. Rudin, Walter. Principles of Mathematical Analysis (International Series in Pure and Applied
Mathematics) 3rd ed. McGraw-Hill, 1976.

Reference Books:
4. Apostol, Tom M.: Mathematical Analysis, 2nd ed., Narosa, 2002.
5. N. L. Carothers, Real Analysis, Cambridge University Press, 2000.

Additional Resources (NPTEL, MIT Video Lectures, Web resources etc.):

Evaluation Method

Items Weightage (%)
Assignments/Quiz 30
Midterm 25
End-Term 45

CO and PO Correlation Matrix

PO |PO|PO|PO PSO
CO 112 )3 | 4 |PSO1| 2
COo1 112111 3 1
CO2 2 12113 1 2
CO3 2 3|12 2 2
CO4 1121123 1 3

Department of Mathematics, LNMIIT Jaipur Page | 33
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Programme: Course Title: Course Code:
M.Sc. Mathematics | Linear Algebra MTH...
and Computing
Type of Course: Prerequisites: None Total Contact
Hours:
Core
40L+12T
Year/Semester: Lecture Tutorial Practical Credits:
Hrs/Week:3 Hrs/\Week:1 Hrs/Week: 0
1/0dd 4

Learning objective:

This course gives an introduction to Linear Algebra, where it emphasizes on the topics useful in
other disciplines. Linear algebra is a branch of mathematics that studies systems of linear equations
and the properties of matrices. The concepts of linear algebra are extremely useful in physics,
economics and social sciences, natural sciences, and engineering. Due to its broad range of
applications, linear algebra is one of the most widely taught subjects in college-level mathematics.
The main learning objective of the course is to construct, evaluate and analyse mathematical
expressions involving the concepts in the course. Also, another aim is to apply linear algebra

concepts to model, solve, and analyse real-world situations.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level

CO1 | Solve the System of Linear Equations. 3

N

CO2 | Explain the basic concepts of Vector Spaces and Linear transformation.

CO3 | Understand Linear Functionals, Dual Space and Inner Product space. 2
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CO4 | Apply the eigenvalue problem by finding the eigenvalues and the 3
corresponding eigenvectors. Determine/ decide whether a matrix A is
diagonalizable
CO5 | Analyze and categorize Canonical Forms, Bilinear and Quadratic Forms. 4
_ Lecture
Topics
Hours
Unit I:

Systems of linear equations, Row reduction and echelon forms, Matrix operations including
inverses, Block matrices.

UNIT —1I:

Vector Spaces, Subspaces, Span, Linear Dependence and Independence, Basis, Coordinates,
Dimension, Ordered basis.

UNIT —II1I:

Linear transformations, Algebra of linear transformations, Matrix representation of linear
transformations, Null Space and the Range Space of a Linear Transformation, Rank-nullity
theorem, isomorphism, Change of basis.

Unit-1V:

Linear Functionals, The Dual Space. Dual Basis, Subspace, Annihilators, Subspace
Annihilators, The Double Dual, The Double Annihilator.

UNIT - V:

Inner product space: Definition, basic properties and examples, Orthogonality, Orthonormal
basis, Gram-Schmidt process, Cauchy-Schwarz Inequality.

UNIT - VI:

Eigenvalues and eigenvectors, Diagonalizability, Cayley-Hamilton theorem. Quadratic Forms,

Minimal Polynomial, Canonical Forms, Triangular Form, Invariance, Invariant Direct-Sum

Decompositions, Primary Decomposition, Nilpotent Operators, Jordan Canonical Form,

Rational Canonical Form. Bilinear Forms, Bilinear Forms and Matrices, Symmetric Bilinear

Forms, Quadratic Forms, Hermitian Forms.

10

Department of Mathematics,
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Textbook:
1. K. Hoffman & R. Kunze, Linear Algebra, Prentice Hall, 2nd Ed, 1971.

Reference Books:

2. David C. Lay, Linear Algebra and its Applications, Pearson Education 3rd Ed, 2003.
3. G. Strang, Linear Algebra and Its Applications, Thomson Brooks/Cole, 4™ Ed., 2007.
4. S. Kumaresan, Linear Algebra: A Geometric Approach , Prentice Hall India, 2000.

Additional Resources: NPTEL, MIT Video Lectures):

> NPTEL (By Dr. K.C. Sivakumar, IIT Madras) : http://nptel.ac.in/courses/111106051/

> MIT (By Professor Strang) https://ocw.mit.edu/courses/mathematics/18-06sc-linear-algebra-
fall-2011/syllabus/

Evaluation Methods:

Method Weightage (%)

Quiz 30

Midterm 25

Final Examination 45
CO POl | PO2 | PO3 | PO4 PSO1 PSO2
Co1 1 1 2 2 1 2
CO2 2 1 1 2 1
COos3 3 1 2 3 1
CO4 2 2 3 2 2 3
CO5 3 3 2 2 3 2



http://nptel.ac.in/courses/111106051/

Department of Mathematics,

]
LNMIIT":
LN M I IT Jalpur Ir:’irl;\’w\‘al\giggs';g;tli;Zgy

Programme: Course Title: Course Code:
M.Sc. Computer Programming MTH...
(Mathematics
and
Computing)
Type of Prerequisites: Total Contact
Course: NA Hours: 40 L+24P
Program
Core
Year/Semeste | Lecture Tutorial Practical Credits:
r: Hrs/Week: Hrs/Week: Hrs/Week: 4
1/0dd 3 0 2

Learning Objective:

This course introduces fundamental computer concepts, including computer structure and algorithmic
problem-solving approaches. It also provides a comprehensive introduction to programming using the C
language. C language’s versatility and power make it an ideal tool for implementing diverse algorithms,
enabling programmers to efficiently tackle complex problems. The course emphasizes the crucial link
between algorithmic thinking and its practical application in C, exploring how algorithms are designed and
implemented within the language. The primary objective is to familiarize students with C, a practical and
enduring software tool that remains highly relevant. C's ability to produce efficient and powerful code,
coupled with the widespread availability of C compilers, ensures its portability across numerous platforms.
Furthermore, the vast legacy of C code developed over decades necessitates its continued use and

extension, making C proficiency a valuable skill.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 Describe the foundational concepts of programming, including the role 2
of programming languages, the use of flowcharts in algorithm design,
and the core syntax and data types of the C programming language.
CO-2 Develop C programs that utilize control flow structures (conditional 3
statements and loops), operators, and basic input/output operations to
solve simple programming problems.
CO-3 Examine and interpret C programs, including those that use arrays, 4
strings to determine their functionality and identify potential errors
CO-4 Implement C programs that effectively manage data using 3
structures, unions, and file input/output operations.
CO-5 Construct C programs that demonstrate proficiency in pointer 3

manipulation, including pointer arithmetic, dynamic memory
allocation, and the use of pointers with arrays and functions.
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Course Topics Lecture Hours
UNIT — I Introduction to Computer Programming 9 Co1
1.1 Programming and Programming Languages, Flowchart, The C 3
Programming Language,
1.2 Identifiers, Symbolic Constants, variable and data types; Declarations, 3
1.3 Operators:Arithmetic Operators, Relational and Logical Operations, 3
precedence and associativity of operators, conditional and bitwise operators,
UNIT — Il Decision Making, branching and Looping 7
2.1 Decision making: If, If-Else Conditional Expression, Switch, Goto 3
CcOo2
2.2 Looping: for loop, while loop, do while loop, break and Continue 4
UNIT — 11l Array, Strings, Input and Output 10
3.1 Array Initialization, Character Arrays and Strings, Strings and
. 5 COos3
the Standard Library
3.2 Formatted 10: printf, scanf, string formatting; File 10: Opening and 5
Closing Files, Standard 10, Sequential File Operations
UNIT — IV Structure and Union 6
4.1 Structures 2
4.2 Operations on Structures Cco4
4.3 Arrays of Structures 4
4.4 Self-Referential Structures
4.5 Union
UNIT-V Pointers 8
5.1 What is a Pointer? Pointer Syntax, Pointers and Arrays, 4 CcO5
5.2 Pointer Arithmetic, Return Values and Pointers,
5.3 Pointers to Pointers, Function Pointers, Dynamic Memory allocation 4
5.4 Arrays of Pointers, Multi-dimensional Arrays.
LAB Assignment
LAB Topics CO
Number Mapping
1,2 Syntax and structure of C- programming, Different data types, Operators | CO1

and Expressionsin C.
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3,4,5 Decision Statements (if, if-else, if-else-if ladder, switch and GOTO), Loop | CO2
& nested loop Statements (for, while, do-while)
6,7 Array, Strings, Input and Output, Sequential File Operations COo3
8.9 Arrays of Structures, Self-Referential Structures, Union CO4
10,11,12 | To understand programming with Pointer, String and Function call by CO5
reference. Arrays of Pointers, Multi-dimensional Arrays
Text Book:

1. V. Rajaraman, Computer Programming in C, 2" ed. New Delhi: PHI Learning, 2019.
2. A. Kelley and I. Pohl, A Book on C: Programming in C, 4th ed. Pearson Education, 1997.

Reference Book:

3. B. W. Kernighan and D. M. Ritchie, The C Programming Language, 2nd ed. Pearson Education

India, 2015.
4. E. Balagurusamy, Programming in ANSI C, 3rd ed. New Delhi: Tata McGraw-Hill Publication,
2004.
Evaluation Method
Item Weightage (%) Associated CO
Lab assessments 35 C01, CO2, CO3, CO4,CO5
Mid Term 25 CO1, CO2, COo3
End Term 40 CO1, CO2, CO3, CO4,CO5
CO and PO Correlation Matrix
PO |PO|PO|PO PSO
CcO 11213/ 4 |PSO1| 2
CO1 31211 3 1
CO2 2 |3 ]1| 2 2 2
COo3 2 |1 1 3 2
CO4 113123 2 3
CO5 31222 3 3

Last Updated On:

Updated By:

Approved By:
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Programme: | Course Title: Discrete Mathematical Structures
M.Sc.
Mathematics

Course Code:
MTH...

and
Computing
Type of Prerequisites: None Total Contact
Course: Hours:
Program: 42L+12T
Institute Core
Year/Semeste | Lecture Tutorial Practical Credits:
r: Hrs/Week: Hrs/Week: Hrs/Week: 4

3 1 0

Learning Objective:

Discrete mathematics is the study of mathematical structures that are fundamentally discrete in nature
rather than continuous. The course will start with review of Set theory relation and functions , the
building block of mathematics and in particular discrete mathematics. The students will be introduced
to what constitutes a proof and how to prove a statement by introducing different proof techniques.
Certain discrete structures and their theory will be discussed so as to enable the students to know the
role of discrete structure in Modeling applications and computing. Computer representations of these
discrete structures and designing algorithms on these structures will be touched upon so that computer

programs can be written using these discrete structures.
Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level

CO-1 . . 2
Understand the concepts of Sets, Functions and Relations.

CO-2 2
Understand the concepts of formal statements and prove them using
proof techniques.

CO-3 ) ) 3
Apply concepts from combinatorics to relevant problems.

CO-4 4
Analyze Boolean algebras.

CO-5 . . . . 4
Analyze graphs and its properties using mathematical proofs.

Department of Mathematics, LNMIIT Jaipur Page |1-3
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Course Topics

Lecture Hours

UNIT-I (SET THEORY, FUNCTIONS AND RELATIONS) 9
1.1 Set Theory: Basic concepts of Sets and operation on sets, Russel’s paradox,
Cardinality and Countability (Countable and Uncountable sets), Computer 2
Representation of a Set.
1.2 Function: Domain, Range, One-to-One, Onto Inverses and Composition 9 COo1
One-to-One Correspondence
1.3 Relations: Relations and their properties, representing relations using
matrices and digraphs, closures of relations, Warshall’s algorithm, 5
equivalence relation, partial order relation, Hasse diagrams, lattices.
UNIT — Il (Mathematics Logic and Proof Techniques) 9
2.1 Propositional Logic: language of propositional logic, truth table, natural 3
deduction, Co?
2.2 Predicate logic: language of predicate logic, Logical inference with 4
Quantifiers.
2.3 Proof techniques: Introduction to different standard proof techniques. 2
UNIT — 11l (Combinatorics) 8
3.1 Counting: Basic counting principles, the pigeonhole principle,
permutations and combinations, binomial coefficients, generalized 4 co3
permutations and combinations.
3.2 Advanced Counting Techniques: Recurrence relations, solving linear
recurrence relations, generating functions, inclusion-exclusion, Basic discrete 4
probability, Probabilistic counting.
Unit IV (Boolean algebra) 5
Boolean Algebra: Boolean functions and Boolean expressions, Boolean CcO4
algebra, representing Boolean functions, logic gates, minimization of circuits, 5
Karnaugh maps.
Unit V (Graphs and Trees) 11
5.1 Graphs and graph models, basic terminology and special types of graphs,
graph isomorphisms, connectivity, Euler and Hamiltonian paths and cycles, 6 CO5
shortest-path problems, graph coloring,
5.2 Introduction to trees, application of trees, characterizations of Trees; 5
spanning trees, minimum spanning trees.
Department of Mathematics, LNMIIT Jaipur Page |2-3
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Textbook:

1. Discrete mathematics and its applications, Kenneth H. Rosen. Tata McGraw Hill
Education Private Limited, 2012, Seventh editions.

References:
Suggested books:

1. Mathematics for Computer Science, Lehman, Leighton & Meyer, 2015

2. Trembly and Manohar, Discrete Mathematical Structures with applications to computer science,

TMH, 1997.

3. C.L. Liu, Elements of Discrete Mathematics, McGraw Hill, 1968.

4. Gersting, J. L.: Mathematical Structure for Computer Science (3rd Edition), Computer Science
Press, New York, 1993.

Additional Resources:

Evaluation Method
Item Weightage (%) Associated COs
Quizl 10 C01, CO2
Quiz 2 10 C03, CO4
Assignment 20 C03,CO4
Midterm 20 C0O1, CO2, CO3
Final Examination 40 CO1, CO2, CO3, CO4, CO5

CO and PO Correlation Matrix

PO |PO|PO|PO PSO
CO 112 )3 | 4 |PSO1| 2
COo1 3(1(1]1 3 1
CO2 2 3113 3 2
CO3 2 2 |3 3 2
CO4 113122 3 3
CO5 3(1312]3 3 3

Department of Mathematics, LNMIIT Jaipur Page |3-3
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Programme: | Course Title: Course Code:
M.Sc. Probability & Statistics MTH...
Mathematics
and
Computing
Type of Prerequisites: None Total Contact
Course: Hours:
Program Core 40L+12T
Year/Semeste | Lecture (L) Tutorial (T) Practical(P) Credits:
r: Hrs/Week: Hrs/Week: Hrs/Week: 4
1/0dd 3 1 0

Learning Objective:

This course has been designed as a compulsory course for M.Sc. Mathematics and Computing
students. The main objective of this course is to provide a foundation in the theory and applications
of probability theory and statistics. The emphasis in this course is to teach the basic theoretical
concepts and techniques to solve probabilistic and statistical problems that arise in engineering and

applied science.

Course outcomes (COs):

On completion of this course, the students will have the ability to:

Bloom’s
Level

CO-1 | Describe probability function

Department of Mathematics, LNMIIT Jaipur
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CO-2 | Classify Random variables 2
C0-3 | Investigate Multivariate distributions 3
CO-4 | Explore Elementary Statistical Inferences 4
CO-5 | Analyze Consistency & Limiting Distributions 4

Course Topics

Lecture Hours

Unit-1: Probability and Distributions

15
Introduction: Sample Space, Events; The Probability set function: Properties
of probability set function, Equally likely case; Additional Properties of 5
Probability function: continuity theorem of probability, Boole’s Inequality,
inclusion exclusion formula, Bonferroni’s inequality Cco1
Conditional Probability: law of total probability, Bayes’ Theorem, 5
Independence: Independence of multiple events.
Random Variables: pmf, pdf, cdf, properties of cdfs. 1
Discrete Random Variables: discrete uniform, Bernoulli, Binomial, Poisson, )
Geometric; Transformations
Continuous Random Variables: uniform, Gamma distribution, chi-square
distribution, beta distribution, normal; Transformations; Mixtures of Discrete 2
and Continuous Type Distributions CO?
Expectation of a random variable: Include expectations of standard discrete and )
continuous random variables
Some special expectations: variance, moment generating function, MGF of )
standard discrete and continuous random variables
Important Inequalitie: Markov’s Inequality, Chebyshev’s Inequality, Jensen’s 2

Department of Mathematics, LNMIIT Jaipur
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Inequality
UNIT — Il Multivariate Distributions
12
Distributions of Two Random Variables: Random Vector, joint cumulative
distribution function, discrete random vector, joint pmf, continuous random vector, )
joint pdf; Marginal Distributions, Expectation: Moment Generating Function of
a Random Vector,
Transformations: Bivariate Random Variables 2
Conditional Distributions and Expectations: conditional pmf, conditional pdf, 1 co3
conditional expectation, conditional variance
Independent Random Variables 2
The Correlation Coefficient: covariance 1
Extension to Several ranodm variables 1
Linear Combinations of Random Variables: Random Sample, Sample mean, 1
Sample variance
t and F-Distributions : The t-distribution, The F-distribution, Student’s Theorem 2
UNIT-111 Elementary Statistical Inferences 7
Sampling & Statistics, Point Estimators: Unbiased Estimators, maximum 1
likelihood estimator, likelihood function, CO4
Confidence Interval: confidence level, t-interval, 1
Order statistics: Sample range, Sample midrange, Sample median 1

Department of Mathematics, LNMIIT Jaipur
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Introduction to Hypothesis Testin: Null Hypothesis, Alternate hypothesis,
critical region, Type-1 error, Type-Il error, Power of the test, Power function, 2
composite hypothesis, significance level, t-test,
Chi-square tests: goodness-of-fit test, minimum chi-square estimates, 2
Unit-4 Consistency & Limiting Distributions 6
Convergence in Probability: Weak law of large numbers, Sampling & Statistics: ’
Consistency,
CO5
Convergence in Distribution: Slutsky’s Theorem, Moment Generating function ’
Technique
Central Limit Theorem: Large Sample Inferences, continuity correction 2

Text Book:

Introduction to Mathematical Statistics, Robert V. Hogg, Joseph W. McKean &Allen T.

Craig, Eighth Edition, Pearson, 2019.

Reference Books:

1. Papoulis & S.U. Pillai, Probability, Random Variables and Stochastic Processes, Mc

Graw Hill, 4th Edition, 2002.

2. P.G.Hoel, S.C. Port and C.J. Stone, Introduction to Probability theory, Boston : Houghton Mifflin, 1971.

3. Vijay K. Rohatgi and A.K. Md. Ehsanes Saleh: An Introduction to Probability and Statistics, Wiley;

Second edition (2008).
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Evaluation Method

ltem Weightage (%) Associated COs
Quizl 10 COo1
Quiz 2 10 C0O3,C0o4
Midterm 30 CQO1, C02, CO3
Final Examination 50 CO1, CO2, CO3, CO4, CO5
CO and PO Correlation Matrix
PO |PO |PO| PO PSO

CcO 1 2|1 3| 4 |PSO1| 2

Cco1 311 (1|1 3 1

CO2 2 13]111{3 1 2

COo3 21 3]111{3 3 1

CO4 1 ({322 3 3

CO5 313 (2] 3 2 3

1 - Low; 2- Medium; 3 - High

Updated By: Dr. Sunil Kumar Gauttam
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Programme: | Course Title: Course Code:
M.Sc. Data Structures and Algorithms MTH...

Mathematics
and

Computing

Type of Prerequisites: Programming in C Total Contact
Course: Hours:
Program 40L+24P
Core

Year/Semeste | Lecture Tutorial Practical Credits:

r: Hrs/Week: Hrs/Week: Hrs/Week: 4

I/Even 3 0 2

Learning Objectives:

At the completion of this course the student will be able to:

Design
Design

Analyze

or select
or select

Course outcomes (COs):

the

appropriate

1.

2. appropriate  data

3. Write programs that make good use of stacks, queues, linked lists, trees, graphs, and hash tables.
4.

5.

runtime

algorithm  for
structures

performance
Differentiate between problems that are computable and those that are not.

for

a

a

particular
particular

problem.
problem.

of algorithms

On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 | Understand the basic idea of Data structures and Algorithms and the 2
concept of time complexity.
CO2 | Explain the structures properties and operations of Arrays, Stacks and 2
Queues.
CO-3 | Define and explain the Linked Lists, Linked Stacks and Linked Queues. 2
CO-4 | Define terms related to Trees and Binary Trees, Graphs. Apply them on 3
solving related problems.
CO-5 | Define terms related to Binary Search Trees and AVL Trees, Hash Tables. 4
Analyze them for solving related problems.
Course Topics Lecture | CO
Hours
Department of Mathematics, LNMIIT Jaipur Page | 1-3
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UNIT — I (Introduction and Analysis of Algorithms)
1.1 Definition, Structure and Properties of Algorithms; Development of an 2
Algorithm; Data types, abstract data types and data structures
1.2 Efficiency of Algorithms; Apriori Analysis; Time Complexity of an co
Algorithm Using O Notation; Polynomial Vs Exponential Algorithms; Average, Best 4 1
and Worst Case Complexities; Analyzing Recursive Programs
UNIT — 11 (Arrays, Stacks and Queues)
2.1 Introduction to Arrays, Array Operations, Number of Elements in an Array, 3
Representation of Arrays in Memory, Applications co
2.2 Introduction to Stacks, Stack Operations, Applications 3 5
2.3 Introduction to Queues, Operations on Queues, Circular Queues, Other 4
Types of Queues, Applications
UNIT — 111 (Linked Lists, Linked Stacks and Linked Queues)
3.1 Singly Linked Lists, Circularly Linked Lists, Doubly Linked Lists, Multiply 4
Linked Lists, Applications co
3.2 Operations on Linked Stacks and Linked Queues, Dynamic Memory 3
Management and Linked Stacks, Implementation of Linked Representations, 5
Applications
UNIT-1V (Trees and Binary Trees, Graphs)
4.1 Trees: Definition and Basic Terminologies, Representation of Trees, Binary
Trees: Basic Terminologies and Types, Binary Tree Traversals, Threaded Binary 3 co
Trees, Applications, 4
4.2 Graphs: Definition and Basic Terminologies, Representations of Graphs, 4
Graph Traversals, Applications, heap and array implementation of heap
UNIT-V (Binary Search Trees and AVL Trees, Hash Tables)
51 Binary Search Trees: Definition and Operations, AVL Trees: Definition and 4 co
Operations, Applications 5
5.2 Hash Table Structure, Hash Functions, Linear Open Addressing, Chaining 4
Tentative Lab Experiments
Topic CO Mapping Hours
1. Review: Structures and Pointers Co1 2
2. Implementation of Linked Lists, its types CO2 4 (2 LAB SESSION)
3. Implementation of Stack, associated Co1 4 (2 LAB SESSION)
applications
Department of Mathematics, LNMIIT Jaipur Page | 2-3
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4. Implementation of circular queue, Co1 2
associated applications
5. Implementation of tree, associated CO5 2
operations
6. Implementation of heaps, related CO5 2
applications
7. Implementation of graphs, associated CO4 4 (2 LAB SESSION)
operations and applications
10 LAB SESSIONS

Textbook references (IEEE format):
Text Books:

1. Mark Allen Weiss, Data Structures and Algorithm Analysis in C, Pearson, 2002.
2. Aho A.V., J.E. Hopcroft, J.D. Ullman, Data Structures and algorithms, Pearson, 1983.

Reference books:

1. Robert L. Kruse, Bruce P. Leung, Clovis L. Tondo, Data Structures and Program Design In C
(2nd Edition), Prentice Hall, 1996.

2. Ellis Horowitz, Sartaj Sahni, Fundamentals of Data Structures, (9" edition), Computer Science
Press, 1988.

3. Aaron M. Tenenbaum, Y. Langsam, Moshe J. Augenstein, Data Structures Using C., PHI
Learning, 20009.

Evaluation Method

Item Weightage (%)
Quizzes 15
Mid term 20
End term 40

Department of Mathematics, LNMIIT Jaipur Page | 3-3
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Lab mid term 10
Lab End Term 15
CO and PO Correlation Matrix
PO PO |PO | PO PSO
(6{0) 1 (2] 3| 4 |PSO1| 2
Cco1 11211 3 1
CO2 2 |31 3 3 2
Cco3 2 |31 3 3 2
CoO4 113213 3 3
CO5 311|122 1 1
Last Updated On:
Updated By:
Approved By:
Department of Mathematics, LNMIIT Jaipur Page | 4-3
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Programme: Course Title: Course Code:
M.Sc. Modern Algebra MTH...
Mathematics
and
Computing
Type of Prerequisites: Total Contact
Course: Hours:
None
Core 40L+12T
Year/Semester: | Lecture Tutorial Practical Credits:
Hrs/Week: Hrs/Week: Hrs/Week:
1/Even 4
3 1 0

Learning objective:

Groups and rings provide methods to study symmetry, which has many applications in various areas
of mathematics, computer science, physics and chemistry. The main goal of this course is to introduce
the student to basic concepts from group theory and ring theory. The course will help prepare the
student for further study in algebra as well as familiarize with tools essential in many other areas of
mathematics. These concepts play fundamental role in applications of algebra to areas like
Cryptography, Computer graphics and Coding theory. For example, group actions are useful in
analysing symmetries in data structures and algorithms. Thus, this course will develop skills and
knowledge to make students competent to further explore the topics and applications of abstract algebra
in mathematics and computing.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level

CO-1 | Explain the basic concepts, definition and examples from group theory and 2
group actions

CO-2 | Demonstrate Lagrange’s Theorem and Isomorphism theorems of groups 3

Department of Mathematics, LNMIIT Jaipur
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CO-3 | Analyze Cayley’s Theorem, Cauchy’s Theorem and Sylow’s Theorem to 4
make deductions about subgroups of finite groups
CO-4 | Discuss the fundamental concepts of ring theory and ideals. 2
CO-5 | Analyze the concept of divisibility in integral domains and the 4
irreducibility of polynomials.

Course Topics:

. Lecture
C T
ourse Topics Hours
UNIT — 1 (Groups) 7
1.1 Definition of a group, Examples and basic properties. Subgroups, Cyclic 3 5 co1
groups
1.2 Group action on a set, Orbits and Stabilizers, Orbit-Stabilizer Theorem, 2
Fundamental counting principle 5
1.3 Dihedral Groups and Permutation Groups
UNIT - Il (Lagrange’s Theorem and Isomorphism Theorems) 7
2.1 Left and right cosets, Lagrange’s Theorem 2 CO2
2.2 Normal subgroups, Quotient groups 7
2.3 Homomorphisms, Isomorphism theorems 2
3
UNIT — 111 (Cayley’s Theorem, Cauchy’s Theorem and Sylow’s Theorems) 8
3.1 Cayley’s Theorem, Cauchy’s Theorem (in the language of group actions) 2 CO3
3.2 Direct product of groups
3.3 Sylow’s theorems and applications 2 8
3.4 Solvable groups
3
1

Department of Mathematics, LNMIIT Jaipur
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UNIT = IV (Rings) d
CO4
2
4 .1 Definition, Examples and basic properties 9
4.2 Zero divisors, Integral domains, Fields, Characteristic of a ring, Subrings, 3
4.3 Ideals, Prime ideal, Maximal ideals. Quotient rings, Quotient field of an integral
domain 4
UNIT-V (Divisibility in integral domains) 9
5.1 Euclidean Domains, Principal Ideal Domains and Unique Factorization Domains 4 CO5
5.2 Ring of polynomials
5.3 Irreducibility of polynomials, Gauss Lemma, Eisenstein criterion. 2
9
3

Textbooks:
1) J. Gallian, Contemporary Abstract Algebra, Ninth Edition, Cengage Learning, 2015.

2) S. Shahriari, Algebra in Action: A Course in Groups, Rings and Fields, American Mathematical
Society, 2017.

References Books:

1. 1. N. Herstein, Topics in Algebra, John Wiley and Sons, 2003.

2. M. Artin, Algebra, Second Edition, Pearson Education, 2011.

3. D. S. Dummit and R. M. Foote, Abstract Algebra, John Wiley and Sons, Second Edition, 2003
4. . B. Fraleigh, A First Course in Abstract Algebra, Pearson, 2003.

Evaluation Methods:
Item Weightage
(%)

Department of Mathematics, LNMIIT Jaipur
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CO and PO Correlation Matrix:

PO PO |PO | PO PSO
CO 1 (2|3 ]| 4 |PSO1| 2
CO1 3|11 (1)1 3 1
CO2 2 3113 3 2
COs3 2 3113 3 2
CO4 113|123 3 3
CO5 313123 3 3

Prepared By: Dr. Ashish Mishra
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Quizzes 30
Midterm 25
Endterm 45
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Programme: Course Title: Course Code:
M.Sc. Statistical Inference MTH...
Mathematics
and Computing
Type of Course: | Prerequisites: Total Contact
Program Core Probability & Statistics Hours:
40 L + 24 Labs
Year/Semester: | Lecture Tutorial Practical Credits:
M.Sc. 2™ Hrs/Week: Hrs/Week:0 Hrs/Week: 4
Semester 3 2

Learning objective: This course introduces techniques of statistical Inference. The main aim of the
course is to study random sampling, likelihood principle, point estimation, hypothesis testing,
Interval estimation. These methods are heavily used in Machine learning, Data Mining etc. An
important component of statistical analysis is computational implementation of techniques which are
developed in the course. Lab component will enable students to do statistical computations in R.
Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s Level

CO-1 | Discuss random sampling, order statistics, various mode of convergence, |2
consistency of estimators

CO-2 | Understand the concept of complete sufficient statistics

CO-3 | compute the point estimators and evaluate the estimators

CO-4 | lllustrate hypothesis testing.

Wl W W N

CO-5 | Compute interval estimators and analyze them.

Course Topics:

Lecture

Course Topics
P Hours

Department of Mathematics, LNMIIT Jaipur
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UNIT — I (Properties of Random Sample) 8
Location and scale family, Exponential family (regular and curved), Basic Concepts
of Random Samples, Sampling distributions, Sampling from the Normal
Distribution: Order Statistics: Joint and marginal distributions, Distributions of co1
range, midrange of order statics, Convergence in Probability, Weak law of large
numbers, Consistency of sample mean, sample variance and sample standard
deviation, Convergence in distribution, Central Limit Theorem with continuity
correction, Delat Method, Slutsky’s Theorem
UNIT II 4
Sufficient Statistics, complete statistics, minimal sufficient statistics, Ancillary co2
statistics
UNIT — Il (Point Estimation) 08
Methods of Finding Point Estimators: Method of Moments, Maximum Likelihood
Estimators(MLEs), Asymptotic normality of MLE, Baeye’s Estimators, Methods of CO3
Evaluating Estimators: Mean Squared Error, Best Unbiased Estimators, Cramer-Rao
inequality, Sufficiency and Unbiasedness, Rao-Blackwell Theorem, Completeness
and UMVUE
UNIT — IV (Hypothesis Testing) 10
Methods of Finding Tests: Likelihood Ratio Tests, Methods of Evaluating Tests: CO4
Error Probabilities and the Power Function, Most Powerful Tests, Neyman-Pearson
Lemma, p- Values
UNIT-V (Interval Estimation) 10
Methods of Finding Interval Estimators: Inverting a Test Statistic, Pivotal Quantities,
Pivoting the CDF, Bayesian Intervals, Methods of Evaluating Interval Estimators: CO5
Size and Coverage Probability, Test-Related Optimality
LAB Assignment

LAB Topics CO

Number Mapping

1,2,3,4 | Vectors and Matrices, Data frames, Programming Structures: | CO1

Department of Mathematics, LNMIIT Jaipur




The LNMIIT, Jaipur

Department of Mathematics, [T

LNMIIT"S

The LNM Institute of

L N M I I T Jal pLI r Information Technology

write loops and create functions, String Manipulation, Graphs

5,6,7 Hypothesis testing and p-values, y2-tests, CO4
8,9,10 Confidence intervals, Comparing mean values C05
11,12 Correlations, Bayesian approaches CO3

Textbooks:
[1] George Casella & Roger L. Berger, Statistical Inference, Second Edition, Wadsworth, a part of
Cengage Learning (2002).

(2] Mans Thulin, Modern Statistics with R, 2025-02-04 - Second edition - Version 2.0.1(Online) [3]
Norman Matloff, The Art of R Programming, No Starch Press, 2011.

References Books

[1] Vijay K. Rohatgi & A.K. Md. Ehsanes Saleh, An Introduction to Probability and Statistics, Third
Edition, John Wiley & Sons (2015).

[2] Hogg, R., McKean. J. and Craig, A., Introduction to Mathematical Statistics, 8th Edition,
Pearson, Boston, 20109.

[3] DeGroot, M. and Schervish, M., Probability and Statistics, 4th Edition, Addison Wesley, Boston,
2002.

Evaluation Methods:

Item Weightage
Qu_lzzes and Lab 40%
assignments

Mid-Term 20%
End-Term 40%

CO and PO Correlation Matrix

Department of Mathematics, LNMIIT Jaipur
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PO |PO|PO|PO PSO

CO 1 (2|3 | 4 |PSO1| 2

CO1 3|11 (1)1 3 1

CO2 2 13|13 2 2

COs3 2 13|11 2 2

cCo4 |1 (3|32 | 2 | 3

Cos5 |3 (3 (23| 3 | 3

1 - Low; 2- Medium; 3 - High

Prepared By: Dr. Sunil Kumar Gauttam

Last Update: February 12, 2025
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Programme: | Course Title: Course Code:
M.Sc. Differential Equations MTH...
Mathematics
and Computing
Type of Prerequisites: Total Contact
Course: Linear Algebra Hours:
Programme 40L+12T
Core
Year/Semester | Lecture Tutorial Practical Credits:
: Hrs/Week: Hrs/Week: Hrs/Week: 4
I/Even 3 1 0

Learning Objective:.

Most "real-life" problems/experiments are described by means of differential equations. This course
covers basic notions of ODEs (Ordinary Differential equations) and PDEs (Partial Differential equations). The
fundamental concepts of differential equations, physical interpretation solutions, existence-uniqueness
theorem, methods to solve ODEs, Sturm-Liouville BVP and qualitative behaviours of solutions to ODEs will
be discussed thoroughly in the first half of the course. The second half will be devoted to discussing PDEs of
first and second-order, which will be developed in the context of modelling physical phenomena like heat
conduction, the motion of waves and mass transport, etc. It will provide knowledge on how to solve PDEs
involving initial and boundary conditions using different analytical techniques. It will also discuss qualitative

behaviours such as existence and uniqueness properties, and regularity of solutions.

Course outcomes (COs):

Topics Hours

On completion of this course, the students will have the ability to: Bloom’s Level

CO1 |Discuss the concepts of differential equations and solve various types of 2
first and second-order ODEs.

CO2 Demonstrate the existence and uniqueness of solutions and solve the non- 3
homogeneous second and higher-order ODEs.

CO3 |Use power series techniques to solve ODEs and discuss the Sturm- 3
Liouville BVP with qualitative behaviour of solutions.

CO4 (Classify PDEs of different types and solve first order PDEs by method of 2
characteristic with their geometric interpretations.

CO5 |Analyze the solutions to Heat, Wave & Laplace equations respectively by 4
using method of separation of variables and Fourier series.

Course Lecture | COs

1. Unit - I: Study of first and second order differential equations
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1.1.Introduction to differential equations, first order ODE y' = f(x,y), Cco1
geometrical interpretation of solutions, separable forms, exact equations, 5

integrating factor, linear equations, orthogonal trajectories, Picard's
theorem, qualitative properties and theoretical aspects.

1.2.Second order linear differential equations: fundamental system and
general solution of homogeneous equation, reduction of order 3

Unit-11: Existence and Uniqueness of solution and non-homogeneous Cco2
differential equations

2.1.Existence and uniqueness of solution for second order VP,
Wronskian and general solution of non-homogeneous equations 2

2.2.Method of variation of parameters, Euler-Cauchy Equations, 3
extensions of the results to higher order differential equations

UNIT — I11: Power series solutions, Sturm-Liouville BVP CO3
3.1.Power series method, Legendre polynomials, Frobenius method, 3

Bessel equation , properties of Bessel functions
3.2.Sturm-Liouville BVP, orthogonal functions 2
3.3.Qualitative behaviour of solutions of second order ODE, Sturm 1

comparison Theorem.
3.4.Laplace transform, Fourier series and integrals with applications 4

Unit- IV: Introduction to PDEs, method of characteristics and

S CO4

classfications
4.1.PDEs: introduction, linear, nonlinear (semi-linear, quasilinear), 9

examples, well-posedness (unique solution, no solution, infinite no. of

solutions)
4.2.First order linear and quasilinear PDEs, method of characteristics, 3

general solutions
4.3.Classification of 2nd order PDEs, reduction to standard form: 9

hyperbolic, parabolic and elliptic
Unit- V: Method to solve PDEs CO5
5.1.Heat equations: Uniqueness and maximum principle, Separation of 3

variable for IBVP with different boundary conditions, Duhamel’s

principle
5.2.Wave equations: D’Alemberts formula, finite and semi-infinite string 2

problems, Duhamel’s principle
5.3.Laplace and Poisson equations: Boundary value problems in 2D 2
5.4.Fourier Method for IBV problem for wave and heat equation 2

rectangular region
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5.5.Fourier Series method for Laplace equation in 3 dimensions

2

Text Book:

1. lan N. Sneddon, Elements of Partial Differential Equations, Dover Publications, 2006.
2. George F. Simmons, Steven G. Krantz, Differential Equations: Theory, Technique and Practice, Tata
McGraw-Hill Education, 2007.

Reference books:

1. A. K. Nandakumaran, P.S. Datti and Raju K. George; Ordinary Differential Equations:
Theory and Applications, Cambridge-11Sc Series, Cambridge University Press (2017).
2. T. Amarnath, An Elementary Course in Partial Differential Equations, Narosa (2003).

3. A. K. Nandakumaran and P.S. Datti: Partial Differential Equations: Classical Theory with a

Modern Touch, Cambridge-11Sc Series, Cambridge university Press (2020).

o ok

second edition, 2006.

Evaluation Method

A. Jeffery, Applied Partial Differential Equations: An Introduction, Academic Press, 2003.
Coddington, An Introduction to Ordinary Differential Equations, Dover Publications,1961.

Loknath Debnath, Integral Transforms and their applications, Chapman Hall/ CRC,

Item Weightage (%) Cos
Quiz-1 15 CO01, Cco2
Quiz -2 15 C0O4, C0O5
Midterm Exam 25 CO1, C0O2, Cco3
Final Examination 45 CO01, C0O2, C0O3, CO4, CO5
CO and PO Correlation Matrix
PO [PO [PO | PO PSO

CO 1|12 ]|3]| 4 [PSO1| 2

Co1 31111 3 1

CO2 1 ({231 2 3

CO3 2131113 3 2

CO4 1 ({32 3 3 3

CO5 313 (2] 3 3 3
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Programme: | Course Title: Course Code:
M.Sc. Advanced Computational Tools MTH...
Mathematics
and
Computing
Type of Prerequisites: Total Contact
Course: o Hours:
Programming in C
Core 40L+24P
Year/Semest | Lecture Tutorial Practical Credits:
er: Hrs/Week: Hrs/Week: Hrs/Week: A
1/Even 3 0 2

Learning Objective:

This course aims to introduce various scientific computing programming skills that can be applied to
solve many science and engineering problems. Students will learn Python programming on their
personal computational devices and also on cloud-based platforms. Further, students will learn
programming in MATLAB and demonstrate it’s use in scientific computations.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 | Explain how to install and write Python code in various platforms 2
CO-2 | Demonstrate data visualization in python 2
CO-3 | Experiment with various numerical algorithms in Python 3

Department of Mathematics, LNMIIT Jaipur Page | 1-3
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CO-4 | Experiment with various scientific computing in Python 2
CO-5 | Demonstrate and Construct MATLAB codes for numerical scientific 3
problems
Lectur
Course Topics e COs
Hours
UNIT — I (Overview of Python) 10
1.1 Introduction to Python and its applications to Scientific computing, 3
Setting up the Python environment (Anaconda, Jupyter Notebook, Google
Colab). Co1
1.2 Basic syntax, variables, data types, conditional statements, loops. 3
1.3 Python data structures (List, Tuple, Dictionary, Sets, Strings), Functions. 4
UNIT - Il (Data Visualization) 4
2.1 Introduction to Data Visualization, Types of charts and plots, Matplotlib 5 co2
basics.
2.2 Creating basic plots (line, bar, scatter), Customizing plots (titles, labels, 2
legends), Subplots
UNIT-111 (Arrays & File handling) 10
3.1 Arrays and matrices (NumPy), Iterables and Iterators 4
COo3
3.2 Generators, Errors, Exception Handling. 3
3.3 File Handling, Regular Expression. 3
Department of Mathematics, LNMIIT Jaipur Page | 2-3
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UNIT-IV (Overview of Scientific Computing) 6
4.1 Introduction to Scipy & it’s ecosystem 2
- - - - CO4
4.2 Scipy Sub-packages and various tools for solving mathematical
problems like Linear Systems, Integration and differentiation, 4
interpolations etc.
UNIT-V (File Handling & Problem Solving) 10
4.1 Introduction to MATLAB Programming, Conditional Statements & 3
Looping, Arrays, Functions
4.2 Concepts and File Handling in MATLAB, Data Analysis and 4 CO5

Visualization,

4.3 Problem Solving in MATLAB (E.g. Error estimation, System of linear

Equations, Numerical Differentiations and Integrations, Solving IVVPs,) 3
LAB Assignment
LAB Topics CO
Number Mapping
1,2,3 Setting up the Python environment (Anaconda, Jupyter Notebook, Co1
Google Colab), Basic syntax, variables, data types, conditional
statements, loops, List, Tuple, Dictionary, Sets, Strings, function.
4 Data Visualization, Types of charts and plots, Matplotlib basics, CO2
Creating and Customizing plots and subplots
5,6 Arrays and matrices (NumPy), Iterables and Iterators, Generators, COos3
Errors, Exception Handling, File Handling, Regular Expression.
7,8,9 Scipy Sub-packages and various tools for solving mathematical CO4
problems like Linear Systems, Integration and differentiation,
interpolations etc.
10,11,12 | MATLAB Programming, Conditional Statements & Looping, Arrays, CO5
Functions, File handling, Visualization, solving Numerical problems
Department of Mathematics, LNMIIT Jaipur Page | 3-3
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Text Book:

1. Numerical Methods with Python for the Sciences by William Miles, de Gruyter, 2023.
2. MATLAB programming for engineers Stephen J. Chapman, Thomson Publications, Fourth

edition, 2008.

Reference books:

1. Master Python Programming, Learn Python Like Never Before (Volume 1) By Abhishek
Singh, publisher: Amazon Digital Services LLC - Kdp, 2023.
2. Wes McKinney, Python for Data Analysis: Data Wrangling with pandas, NumPy, and

Jupyter, 3" ed. O'Reilly, 2022.

3. A Guide to MATLAB, 3e: For Beginners and Experienced Users by Brian R. Hunt; Ronald L.
Lipsman; Jonathan M. Rosenberg, Cambridge University Press, 2014

Additional Resources:

Evaluation Method

Item Weightage (%)

Quizzes/LAB Assignments 40

Midterm 25

End-Term 35

CO and PO Correlation Matrix

PO |PO [PO|PO PSO

CO 11213 | 4 |PSOLl 2
CO1 3111 3 1
CO2 2 313 3 2
COo3 2 31113 2 3

Department of Mathematics, LNMIIT Jaipur

Page | 4-3
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CO4 11323 3 3
CO5 31323 3 3
Last Updated On:
Updated By: Dr. Ajit Patel
Approved By:
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Programme: Course Title: Course Code:
M.Sc. Design and Analysis of Algorithms MTH...
Mathematics
and Computing
Type of Course:| Prerequisites: Total Contact
Program Core | Data Structures and Algorithms Hours: 40L+12T
Year/Semester: | Lecture Tutorial Hrs/Week:| Practical Credits:
2/0dd Hrs/Week: 1 Hrs/Week: 4

3 0

Learning Objective:

The objective of this course is to study paradigms and approaches used to analyze and design algorithms
and to appreciate the impact of algorithm design in practice. This course also ensures that students
understand how the worst-case, average-case time complexity of an algorithm is defined and derived.
During the course, asymptotic notation will be used to provide a rough classification of algorithms. It shall
be introduced how different algorithms for fundamental problems in science and engineering work and
compares with one another. The last part of the course will cover some fundamental problems in
engineering for which it is unknown whether there exist efficient algorithms and the concept of NP-

completeness and NP-hardness will be discussed.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s Level
CO-1 | Understand the concept of the complexity of algorithms in terms of 2
asymptotic notations, methods related to recurrence relations
CO-2 | Analyze correctness of algorithms 3
CO-3 | Perform Analysis on important algorithmic design paradigms. 4
CO-4 | Understand efficient algorithmic solutions to graph related problems 2
CO-5 | Analyze algorithms for NP-Completeness and Computational Intractability 4
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Course Topics Lecture| CO
Hours Mapping
UNIT — I (Introduction) 6
1.1 What is algorithm? Why analyze algorithms? RAM Model of 1 Cco1
Computation.

1.2 Asymptotic notation: big-Oh, big-Omega, big-Theta, little-oh 2

1.3 Recurrence relations: iterative method, substitution method, recursion-tree method, 3

Master method.
UNIT — Il (Correctness of algorithms) 8

2.1 Sorting Algorithms: Bubble sort, Insertion sort, and Selection sort 2
2.2 Lower bound of sorting, Counting Sort, Radix Sort, Bucket Sort 2
2.3 Divide and Conquer: Merge Sort, Quick Sort, Counting Inversions, Linear time 4 |CO2
selection algorithm. Correctness proof of all the algorithms.

UNIT — 111 (Design Paradigm) 8

3.1 Greedy Algorithms: Interval scheduling, Huffman Code, Fractional Knapsack,

Kruskal’s Algorithm and Union Find Data structure, Prim’s Algorithm and its

implementation using heap data structure. Correctness proof of all the algorithms. CO3

3.2 Dynamic Programming: Weighted interval scheduling, 0-1 Knapsack 4

Problem, Longest Common subsequence, Correctness proof of all the algorithms

UNIT-IV (Graph Algorithms) 11
4.1 Concepts of Graph: Definitions and introduction of some important graphs; 2
Graph Representation, Applications of graphs, Some basic theorems, -
4.2 Breadth First Search (BFS): BFS properties, BFS Algorithm, BFS edge
classification for directed and undirected graphs, Applications of BFS: Shortest CO4
Path on un-weighted graph, testing bipartiteness 3

4.3 Depth First Search (DFS): DFS properties, DFS Algorithm, Application of DFS

like Topological Sort, Cycle Detection, Checking Whether a Digraph is Strongly 3

connected or not.

4.4 Shortest Path: Bellman ford algorithm, Dijkstra’s Algorithm, All Pair shortest path

Floyd-Warshall Algorithm, Application of Shortest path algorithms. 3

UNIT-V (NP-Completeness and Computational Intractability) 7

5.1 Motivation, Optimization and Decision Problems, Tractable and Intractable

Problems, Unsolvable Problems, Definitions of P and NP, Karp reduction, NP- 3

Completeness, NP-hardness; Cook’s Theorem CO5
5.2 Boolean Satisfiability Problem, Travelling Salesman Problem, Independent Set, 4

'Vertex Cover, cliques, dominating set problem,
Polynomial-time reductions, NP-Completeness Proof of some well-known Problems

Department of Mathematics, LNMIIT Jaipur
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Textbook References:

Text Book:

1.

Cormen, Thomas H., Leiserson, Charles E., Rivest, Ronald L. and Stein, Clifford. Introduction to
Algorithms. 2" Edition: The MIT Press, 2001.

Reference books:

1.

2.
3.

Ellis Horowitz, Sartaj Sahani, Sanguthevar Rajasekaran. Fundamental of Computer Algorithm.

1t Edition: University Press, 2008.

Skiena Steven, S. The algorithm design manual, 2008
Kleinberg, J., & Tardos, E. Algorithm design. 1° Edition: Pearson Education India, 2006

Additional Resources:

1.

w

https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-046j-
design-and- analysis-of-algorithms-spring-2015/
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-006-

introduction- to-algorithms-fall-2011/

https://nptel.ac.in/courses/106/106/106106131/

nptel.ac.in/courses/106/101/106101060/

Evaluation Method

Item

Weightage (%)

Quizzes

10+10=20

Assignment

15

Midterm

25

End Sem Examination

40

CO and PO Correlation Matrix

CO

PO | PSO

PSO

CO1

CO2

CO3

R|lR(—Rlw O T

CO4

R[N O T

RPN

CO5

Rl O T

WIN| W[
NINIW[FL,|[F]EF
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Programme: Course Title: Optimization Techniques Course Code:
M.Sc. MTH...
Mathematics and
Computing
Type of Course: | Prerequisites: Nil Total Contact
Hours:
Program Core
40L + 12T
Year/Semester: | Lecture Tutorial Practical Credits:
Hrs/Week: Hrs/Week: Hrs/Week:
11/0dd 4
3 1 0

Learning Objective:

Optimization techniques have an important place in both practical and theoretical worlds since they
help us to achieve a goal in the best possible way through the timing, cost, and magnitude of actions
to be carried out. The optimization techniques are used in daily life and arise across all branches of
mathematics and in application areas ranging from biology and engineering to business and finance,
including computer science (machine learning, data analysis, Neural Networks, computational
complexity, theoretical computer science), electrical & communication engineering (signal processing,
internet, wireless sensor networks, robotic networks, control), mechanical assemblies and simulation
(which are key engineering features of the design and manufacturing process), industrial engineering,
environmental and civil engineering. Students will learn an introduction to the theory of multi-variable
optimization, some fundamental problems of the said areas, the skills to formulate & how they can
solve all those problems

Prerequisites of the course: No

Department of Mathematics, LNMIIT Jaipur
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Course outcomes (COs):
On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 | llustrate the mathematical tools that are needed to solve LPP. 2
CO-2 | Analyze operational research models based on the description of the real 4
systems related to transportation problems.
CO-3 | Analyze operational research models based on the description of the real 4
systems related to assignment, and traveling salesman problems.
CO-4 | Apply the concept of queuing theory to various business problems. 3
CO-5 | Analyze the concept of constrained and non-constrained Non-linear 4

optimization and solve real-life problems.

Course Topics

Lecture Hours

UNIT - I (Linear Programming Problem) 12
1.1 Introduction and definition of Linear Programming Problem. Formulation of L ’ co1
P Problem, Graphical solutions of LP Problem.
1.2 Convex Sets. 3
Department of Mathematics, LNMIIT Jaipur Page | 2-3
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1.3 Solution of a LP Problem by Simplex Method, Two Phase Method and Big-M 3
Method.
1.4 Duality. Solution of a LP Problem by its Dual. 2
1.5 Sensitivity Analysis 2
UNIT - Il (Transportation) 4
2.1 Mathematical Formulation of Transportation Problem, Initial Feasible Solution
2 Cco2
Methods,
2.2 Optimality Test, Degeneracy in TP. 2
UNIT — 111 (Assignment and Traveling Salesman Problem) 4
COos3
3.1 Mathematical formulation of assignment problem. Vogel’s approximation )
Method, Hungarian Method.
3.2 Unbalanced and Restricted assignment problem. Traveling Salesman )
Problem.
UNIT - IV (Queuing Theory) 6 Cco4
Department of Mathematics, LNMIIT Jaipur Page | 3-3
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4.1 Pure Birth Process, Pure Death Process, (M/M/1):(Infinity/FCFS) ,
(M/M/1):(N/FCES), (M/M/s):(Infinity/FCFS), (M/M/s):(N/FCFS), 6
(M/EW/1):(Infinity/FCFS) models
UNIT-V (Non-linear Programming Problem) 14
5.1 Formulation of NLPP, General and canonical form, graphical solution. Saddle 3
Point problems
5.2 Constrained Optimization with equality and Inequality constraints, Steepest CO5
Descent method, Lagrangian Multipliers Method, Kuhn-Tucker Conditions 6
(Necessary and Sufficient), and theorems.
5.3 Unconstrained optimization via iterative methods (Newton's method, 5
Gradient/ conjugate gradient-based methods, Quasi-Newton methods).
Textbook References:
Textbook:
1. J. C. Pant, “Introduction to Optimization Operation Research”, Jain Brothers, 2008.

2. M. C. Joshi and Kannan M. Moudgalya, “Optimization: Theory and Practice” Narosa

Publication, 2013.

Reference books:

3. A. H. Taha, “Operations Research - An Introduction”, Prentice Hall, (7th Edition), 2002.

4, E. M. L. Beale, Introduction to optimization, John Wiley, 1998.

5. M. Bazarra and C. Shetty, Nonlinear Programming, Theory and Algorithms, Wiley, 1979.

6. F. S. Hillier and G. J. Lieberman, “"Introduction to operations research", McGraw-Hill, 7th
Edition, 2001.
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7. W. L. Winston, Operations Research Applications and Algorithms", Brooks/Cole, 4th
Edition, 2003.

Additional Resources: NPTEL, MIT Video Lectures, Web resources etc.

Evaluation Method

Item Weightage (%)
Quizzes 20
Programming based assignments 10
Midterm 25
End-Term 45

CO and PO Correlation Matrix

PO |PO|PO|PO PSO
CO 112 )3 | 4 |PSO1| 2
COo1 112111 3 1
CO2 2 1113 3 2
CO3 3(13|1]3 3 2
CO4 3121123 3 3
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| co5 |2|1|2|3| 3 | 3|
1 - Low; 2- Medium; 3 - High

Last Updated On: January 2025
Updated By: Manish Garg

Approved By:

Department of Mathematics, LNMIIT Jaipur

Page | 6-3




) zZO
Department of Mathematics, LNMIIT =
The LNM Institute of
. Information Technology
LNMIIT Jaipur

Programme: | Course Title: Course
M.Sc. Mathematical Methods Code:
Mathematics
and Computing MTH...

Type of Prerequisites: Total Contact
course: Differential Equations Hours: 40L+ 12T

Core

Year/Semester: | Lecture Tutorial Practical Credit

11/0dd Hrs/\Week: 3 Hrs/Week: 1 Hrs/Week: 0 s:4

Learning Objective:

This course emphasizes concepts and techniques for solving integral equations from an applied
mathematics perspective. To impart analytical ability in solving variational problems. The purpose is
also to present an introduction to the theory of integral transforms, with emphasis on the Fourier and
Laplace transforms. The mathematical methods covered by this course are the important analytic
methods that are useful for modeling and solving real world problems. This course emphasizes
concepts and techniques for solving integral equations, solving variational problems in calculus of
variation and introduction to the theory of Fourier transform from an applied mathematics

perspective.

Course outcomes (COs):

Department of Mathematics, LNMIIT Jaipur
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On completion of this course, the students will have the ability to: Bloom’s Level
CO-1 | Explain various kinds of integral equations and understand the interplay 2
between the integral and differential equations
CO-2 | Solve various kinds of linear integral equations and eigen value problems 3
with various methods and understand the concept of resolvent kernel.
CO-3 | Discuss the basic concepts of calculus of variations such as extremum, 2
variations etc.
CO-4 | Analyze Euler-Lagrange equation and its applications and variational 4
methods for boundary value problems in ordinary and partial differential
equations
CO-5 | Analyze various properties of Fourier transforms and their applications to 4
solve ordinary and partial differential equations
Course Topics Lecture co
Hours
Unit 1
CO1

Definition and classification of linear integral equations. Conversion of initial and
boundary value problems into integral equations. Conversion of integral equations
into differential equations.
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Unit 2
Cco2

Linear integral equation of the first and second kind of Fredholm and Volterra type,
Solutions with separable kernels. Characteristic numbers and eigenfunctions,
resolvent kernel.

Unit 3
Basic concepts of the calculus of variations such as functional, extremum, co3
variations, function spaces.

Unit4
Euler-Lagrange equation, Necessary and sufficient conditions for extrema. CO4
Variational methods for boundary value problems in ordinary and partial
differential equations. Invariance of Euler’s equations. Variational problem in
parametric form.

Unit5

CO5

Fourier transform, Fourier sine and cosine transform

Fourier Transforms: Fourier integral Theorem, Fourier Transform, Transforms of
Derivatives, Fourier transforms of simple Functions, Fourier transforms of Rational
Functions, Convolution, Fourier transform of convolution, solving ODE, PDE
applying Fourier transforms, Discrete Fourier Transform, Finite Fourier transform.

Text Book:
1. Jerry Abdul J. Introduction to Integral Equations and applications. Clarkson

Department of Mathematics, LNMIIT Jaipur Page | 2-3
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University Wiley Publishers (1999)

2. Elsgolc. L. E.: Calculus of Variations, Dover Publications Inc. (2007)
3. Loknath Debnath, Integral Transforms and their applications, Chapman Hall/

CRC, second edition, 2006.

4. Donald A. Mc Quarrie: Mathematical Methods for Scientists and Engineers,

University Science Books, 2008.

Reference books:

1. Cordumeanu, C.: Integral Equations and applications, Cambridge University Press, 1991

2. Curant R, D. Hilbert, Methods of Mathematical Physics. Volume 1, Interscience Press,
1989.

3. lan N. Sneddon, The use of Integral Transforms, McGraw-Hill, Second Publishing
Edition, 1972.

Additional Resources:
NPTEL, MIT Video Lectures.

Evaluation Method
Item Weightage (%)
Quizzes 30
Midterm 25
End-Term 45
CO and PO Correlation Matrix
PO [PO PO | PO PSO
CO 1|12 ]| 3| 4 [PSO1| 2

Department of Mathematics, LNMIIT Jaipur Page | 3-3




. ]|
Department of Mathematics, LNMIIT "=
. }‘r:}irﬂahgiézs'f’gs:li;t@y
LNMIIT Jaipur
COo1 3(1(1]1 3 1
CO2 1111213 3 2
CO3 2 3113 3 2
CO4 11323 3 3
CO5 313]12]3 3 3
1 - Low; 2- Medium; 3 - High
Last Updated On: 15/02/2025
Updated By: Sudipto Chowdhury
Approved By
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Programme: Course Title: Theory of Computation Course Code:
M.Sc.
Mathematics MTH...
and Computing
Type of Course:| Prerequisites: Discrete Mathematical Structures Total Contact Hours:
Program Core 40L+12T
Year/Semester: | Lecture Hrs/Week:| Tutorial Hrs/Week: | Practical Hrs/Week:| Credits:
Il/Even 3 1 0 4

Learning Objective: The objective of this course is to introduce three major topics: formal languages
and automata theory, computability theory and complexity theory. Complexity theory classifies
problems with respect to their intrinsic degree of hardness or the amount of computational resources
(in terms of space and time) required to solve them. Computability theory addresses a more
fundamental issue of whether a given problem is solvable by a computer in the first place. The theory
of formal languages and automata investigates mathematical models of computation which allow the
students to answer questions in computability and complexity theory. This course is very essential in
assessing a large number of problems in science and engineering.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s Level

CO-1 Demonstrate the fundamental understanding of the core concepts in 2
computation theory and formal languages.

CO-2 Construct finite state machines, regular expressions. regular grammars 3
and identify their equivalence languages.

CO-3 Construct pushdown automata, context free grammars and identify their |3
equivalence language.

CO-4 Construct Turing machines, Post machines and identify their 3
equivalence languages.
CO-5 Distinguish between computational models including decidability. 4

Lecture | Associated

Course Topics Hours CO

UNIT — I Introduction 4 Cco1
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1.1 Basic concepts: Introduction to automata, 1
computability and complexity Theory.
1.2 Finite Automata, Deterministic finite automata (DFA) 3
and nondeterministic finite automata (NFA)
UNIT — 1l Regular languages and finite automata 10
2.1 Regular expressions and languages. 1
2.2 Equivalence of DFA with regular expressions, equivalence
of NFA with DFA, minimization of automata. 3
2.3 Regular grammar and equivalence with finite automata,
Closure properties and decision properties of regular languages, 3
pumping lemma for regular languages, minimization of finite
automata.
2.4 Finite Automata with output- Mealy and Moore Machines. 3 CcO?2
UNIT — 11l Context-free languages and pushdown automata 6
3.1 Context-free grammars (CFG) and languages 2
(CFL), nondeterministic pushdown automata
(PDA) and equivalence with CFG.
3.2 Chomsky and Greibach normal forms. 1 CO3
3.3 Parse trees, ambiguity in CFG, pumping lemma for
context-free languages. 1
3.4 Deterministic pushdown automata, closure
properties of CFLs.
2
UNIT-IV Computability Theory 14
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Turing Machines: The basic model for Turing machines (TM), variants of 5
Turing machines, nondeterministic TMs and equivalence with deterministic
TMs, TMs as enumerators.
4.1 Turing-recognizable (recursively enumerable) and 3 CO4,
Turing- decidable (recursive) languages and their closure COs
properties, unrestricted grammars and equivalence with
Turing machines.
Decidability: Decidable Languages, The Halting Problem 3
Reducibility: Undecidable problems from language theory, a simple
undecidable problem, mapping reducibility
3
UNIT-V Complexity Theory 6
5.1 Measuring complexity, Time and tape complexity measures of 3
Turing machines; Random access machines; the classes P and
NP. CO5
5.2 Savitch’s Theorem, The class PSPACE, PSPACE-Completeness 3

Text Book:

1. Michael Sipser, Theory of Computation, Cengage Learning, Indian Edition, 2007.

Reference books:

1. Harry R. Lewis and Christos H. Papadimitriou, Elements of the Theory of

Computation, Pearson Education, Second Edition, 2004.

2. John E. Hopcroft, Rajeev Motwani and Jeffrey D. Ullman, Introduction to Automata
Theory Languages, and Computation, Pearson Education, Third Edition, 2007.

3. Peter Linz, An Introduction to Formal Languages and Automata, Jones and Bartlett

Student Edition, Sixth Edition, 2016.
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4. K.L.P. Mishra and N. Chandrasekaran, Theory of computer science (Automata
Languages and Computation), Prentice Hall of India, Second Edition, 2006.

Additional Resources : NPTEL, MIT Video Lectures, Web resources etc.

Evaluation Method
Item Weightage (%) CO Mapping
Quiz1 15 C01, Cco2
Quiz 2 15 C03, C0o4
Mid Term Examination 25 CO1, C0O2, C0o3
End Term Examination 45 C02,C03, CO4, CO5,

CO and PO Correlation Matrix

P[P[P

O| 0|0 |PO|PSO| PSO
cCoO |1]2|3]|4] 1 2
cor [2]1]1]1] 1 1
co2 [1|1]1]1] 1 2
co3 [1]2]1]3] 3 1
cos [1]1 2 | 2 1
cos |1 13] 2

Prepared by:
Dr. Dishari Chaudhuri,

Dr. Pratibha Garg,

Approved by:
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Programme: | Course Title: Course Code:
M.Sc. Numerical Analysis and Scientific Computing MTH...
Mathematics
and
Computing
Type of Prerequisites: Total Contact
Course: Hours:

None
Core 40L+24P
Year/Semeste | Lecture Tutorial Practical Credits:
r: Hrs/Week: Hrs/Week: Hrs/Week: A
11/Even 3 0 2

Learning Objective:

The main objective of this course is to introduce the students with the broad range and development of
numerical methods for solving mathematical problems arises in science and engineering. The goal is
to provide a basic understanding of the derivation, analysis and use of these numerical methods along
with a rudimentary understanding of finite precision arithmetic. An important component of numerical
analysis is computational implementation of algorithms which are developed in the course in order to
observe first hand the issues of accuracy, computational work effort, and stability. Exercises will

include computational experiments in MATLAB.

Course outcomes (COs):

On completion of this course, the students will have the ability to: Bloom’s
Level
CO-1 | Identify the use of numerical methods in Scientific Computing & Root 2
Finding Techniques
Mathematics Department, LNMIIT Jaipur Page | 1-3
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CO-2 | Understand with finite precision computation and the importance of 2

system of Linear/Non-linear Equations, Eigenvalue Problem it in real life

problems.

CO-3 | Apply the basic understanding of interpolation & Curve fitting and related 3
to mathematical problems

CO-4 | Analyze the efficiency and stability of various numerical algorithms with 4
Numerical Differentiation & Integration

CO-5 | Analyze numerical Solution of IVP & BVP 4

Course Topics

Lecture Hours

UNIT — I (Preliminaries of Scientific Computing & Root Finding 3
Techniques)
1.1 Approximations in Scientific computing, Error propagation and 3
e . - . . Co1
amplification, conditioning, stability and accuracy, computer arithmetic.
1.2 Bisection, Secant, False—position, Newton’s methods, Muller’s methods, 2
1.3 Fixed point iteration method, Order of convergence, Newton’s method for 3
multiple roots, Error Analysis
UNIT — Il (System of Linear/Non-linear Equations, Eigenvalue Problem) 8
2.1 Linear Algebra review, Gaussian elimination, Pivoting, Gauss
Elimination as LU Factorization, Cholesky Factorization, Pathology in linear 3
systems-singular matrices, Determinants and matrix inversions, co?2
2.2 Norms, Condition numbers and error analysis; Stability, Iterative 3
methods: Jacobi and Gauss-Seidel method and Newton’s and fixed-point
method of non-linear systems
2.3 Eigen Values, Power method, Inverse power method, QR methods of 2
Mathematics Department, LNMIIT Jaipur Page | 2-3
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finding eigenvalues and eigenvectors of matrices
UNIT — 111 (Interpolation & Curve fitting) 8
3.1 Existence and uniqueness of interpolating polynomial, Lagrange 3
polynomials
COos3
3.2 Divided differences, Evenly spaced points, Error of interpolation, 2
3.3 Piecewise interpolation, Extrapolation, Cubic spline, Least-Square 3
approximations
UNIT-1V (Numerical Differentiation & Integration) 8
4.1 Numerical differentiation, Richardson Extrapolation, 2
4.2 Newton-Cotes integration formulas, Composite rules, Error terms for 3 CO4
Newton-Cotes formulas and composite rules,
4.3 Integration with Unequal Segments, Other ways to derive integration 3
formulas, Romberg Integration, Quadrature rule, Gaussian quadrature.
UNIT-V (Numerical Solution of IVP & BVP) 8
5.1 Taylor series method, Euler and Modified Euler’s method, Runge-
Kutta methods; Multistep methods: Milne’s method, Adams-Moulton 3
method, CO5
5.2 System of equations and Higher order equations, Stiff equations. 2
5.3 Finite difference method for BVP, Shooting method, Solution through a 3
set of equations, Derivatives boundary conditions.
Mathematics Department, LNMIIT Jaipur Page | 3-3
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LAB Assignments
LAB Topics (6{0)
Number Mapping
1,234 Basics of MATLAB programming, Understanding round-off errors and COo1
their impact on numerical computations, Analyzing the propagation of
errors in numerical algorithms, Comparison of algorithms with varying
precision and their effects, Implementation and verifying the order of
convergence for root finding techniques like simple enclosure methods
(Bisection method, False-position method) fixed-point iteration methods
(Newton-Raphson method, Secent method)
5,6 Implementation of Gaussian elimination with partial pivoting for solving CO2
linear systems, Implementation of the power iteration method for finding
the dominant eigenvalue
7,8 Implementation of polynomial interpolation techniques and verification CO3
associated errors
9,10 Implementation of finite difference methods for derivative estimation and | CO4
error analysis, the trapezoidal rule for approximating definite integrals,
Writing Matlab functions to apply Simpson's 1/3 rule for numerical
integration
11,12 Implementation of Euler’s method for solving initial value problems CO5
(IVP), the 4th-order Runge-Kutta method for solving IVPs.
Text Book:

1. Numerical Analysis, Richard L. Burden and J. Douglas Faires, 9" Ed., 2010.
2. Elementary Numerical Analysis: An Algorithmic Approach, S. D. Conte, C. d. Boor, 3rd
edition, McGraw-Hill International Editions, 1980.
3. Scientific Computing - An introductory Survey, revised second edition, by M Heath, 2018,
SIAM.

Reference books:
1. A friendly introduction to Numerical Analysis, Brian Bradie, Pearson Education, 2007.
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2. Applied Numerical Methods with MATLAB for Engineers and Scientists. Steve C Chapra,
McGraw-Hill Science Engineering, 2018.

3. In Introduction to Numerical Analysis, second edition, by K. E. Atkinson, Wiley publications,
1989.

4. Numerical Analysis: David Kincaid and Ward Cheney, Mathematics of Scientific Computing,
Brooks/Cole publishing (2002).

Evaluation Method

Item Weightage (%)
Assignments/Quiz 20
Midterm 20
End-Term 35
LAB 25

CO and PO Correlation Matrix

PO | PO |PO|PO PSO
CO 112 |3 | 4 |PSOL| 2
CO1 112 (1|1 3 1
CO2 2 21113 1 2
CO3 2 |3 (112 2 2
CO4 11223 1 3
CO5 2 |3 122 3 3
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The M.Sc. in Mathematics and Computing Program consists of 04 electives. The theme-based
electives may be offered based on faculty availability and with the help of MOOC courses
through the platforms approved by Department and as per institute rules. The following is the
tentative list of electives.

List of Electives:

e Functional Analysis

Field Theory and modules

e Measure theory and Metric space
e Topology

e Complex Analysis

e Algebraic statistics

e  Machine Learning

e Numerical Linear Algebra

e Financial Engineering

e Stochastic Calculus

e Computational Finance

e Time-series Analysis

e Markov Chain

e Regression Analysis

e Number Theory

e Cryptography

e Advances in PDEs

e Numerical Methods for PDEs

e Sobolev Spaces and applications
¢ Finite Element Methods

e Advanced FEM



