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. Part A — Introduction _
Program: 1-Ycar Class: 1-Year Post-Graduate | Year: 2025 | Session: 2025-2026
Post-Graduate Programme (Semester ~ 1) \ X \
(OPTION-1)
{ Subject: Mathematics \
11 | Course Code A \
{2 | Course Title | Functional Analysis - | {Theory) \
3 | Course Type l CC - 31 |
4 | Pre-requisite (if any) | To study this course, a student must have had the subject \
Mathematics at Degree level (4 Year Degree Course).
5 | Course Learning The course will enable the students to:

[+

QOutcomes (CLO) 1.

Credit Value

Understanding the Normed linear spaces, Banach spaces
Linear operator, Linear functional,

Analyzing the Properties of MNormed linear spaces
Bounded linear operators and Bounded linear functional.

3. Ewvaluating the examples of Banach spaces, Dual space.
5 Credits

2.

~1

Total

Marks

Max. Marks: 40 + 60 | Min. Passing Marks: 40 .

Part B - Content of the Course

\ Module \

Total No. of Lectures (in hours per week): 5 hours per. week
Total Lectures: 75 hours

Topics | No.of

Lectures
Indian Knowledge System:

Contribution and biography of following Indian Mathematicians in| 02
Functional Analysis:
Dr. M. S. Narasimhan, Dr. S. R. S. Varadhan

|

Normed linear spaces, Properties of Normed linear spaces. Holder's
Minkowski's and Cauchy's inequalities. Banach spaces and examples
&

11

Suggested Activities: Discuss the applications of Normed Linear Spaces
b ;

] 15
Holder's Inequality and Minkowski's Inequality in Machine Learning and data
science.

111

Finite dimensional normed linear spaces and subspaces. Quotient space
of norimed linear spaces and its completeness.

Suggested Activities: Discuss how Finite dimensional normed linear spaces 14
and subspaces are used in Machine Learning and Signal Processing

v

Bounded and Continuous linear operators, Equivalent norms, Riesz
lemma and compactness.

Suggested Activities: Discuss the applications of Bounded & Continuous

15
Linear Operators in signal processing.

v

Linear functional, Dual spaces and Reflexive spaces. Hahn-Banach

theorem for real linear spaces, Hahn-Banach theorem for complex linear
space and normed linear spaces.

Suggested Activities: Discuss the application of Linear functional in Machine

Date: .....
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Learning and Haln-Banach theorem in Game Theory,
Baire's Catcgory Theorem, Uniform
VI mapping and Closed graph theorems.

Boundedness theorem, Open

Suggested Activities: Discuss on Baire's Category Theorem and Closed graph I3
theorem {o solve real world problems. EE .
Keywords/Tags:

Normed linear space, Banach space, Bounded and Continy

ous linear operators, Linear
functional, Baire's Category Theorem,

Part C - Learning Resources —1

Text Books, Reference Books, Other Resources

Suggested Readings:
Text Books:

I. E. Kreyzig, Introductory Functional Analysis with applications, John Wiley and Sons,
New York, 1978,

2. G. F. Simmons, Introduction to Topology and Modern Analysis Mc Graw Hill, New

York, 1983.
3. AANGT Tt v srepTert @t qeay
Reference Books:
1. B. Choudhary and Sudarshan Nanda, Functional Analysis with applications, Wiley
Eastern Ltd., 2018. . ' -3 '

2. P. K. lJain, O. P, Ahuja and Khalil Ahmad, Functional Analysis, New Age International
(P) Limited, 1997.
3. K. K. Jha, Functional Analysis and its Applications, Students’ Friend, 1986,
. B: V. Limaye, Functional Analysis, Wiley Eastern Ltd.

Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe
https://epgp.inflibnet.ac.in/Home/V iewSubject?catid=25
Suggested Equivalent online courses:
https://nptel.ac.in/courses/111/105/111105037/

https://nptel.ac.in/courses/111/106/111106147/

Part D — Assessment and Evaluation

' Maximum Marks: 100

Suggested Continuous Evaluation Methods:

Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): o 60 Marks

Internal Assessment: :
Continuous Comprehensive Evaluation (CCE) Total Marks: 40

External Assessment:

' tal ks: 60
University Exam (UE) Total Mar

(OF e

Name of BOS: Mathématics M of the Chairman (BOS);
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Program: 1-Year -
post-Graduale Programme

Part A - Introduction

Class: 1-Year Post-Graduatc Year: 2025 Session: 2025-2026
(Semester — 1)

( OPTION-1)

Course Code
Course Title
Course Type
Pre-requisite (if any)

Advanced S eci

cC-32 _
a student must have had the subject

To study this course,
Mathematics at Degree level (4 Year Degree Course).

. Subject: Mathematics
pecial Functions - | gThcorz) »

Coutse Leatning
Outcomes (CLO)

The course will enable the students to:
1. Understand Gamma, Beta functions and difference
equation.
2. Compute T(ZT(1-2), Factorial function and Gauss
multiplication theorem.
3. Recognize Hypergeometric' and contiguous
relations.
4, Use I-lypergeometrica! differential equation, elementary
series manipulations.
5. Applications of Bessel function in various field such as

function

Industry etc.
6 | Credit Value 5 Credits ]
7 | Total Marks Max. Marks: 40 + 60| Min. Passing Marks: 40 ]

Part B — Content of the Course

Total No. of Lectures (in hours per week): 5 hours per week

Total Lectures? 75 hours

Module

Topics No. of
Lectures

| Tadian Knowledge System:

Contribution and biography of following Indian Mathematicians in

Advanced Special Functions: S, 02
Srinivasa Ramanujan, Dr. Harish-Chandra

i1

Gamma and Beta Functions: The Euler or Mascheroni Constant 7,
Introduction to Gamma Function, Series for I'(z) / [(z), Difference
equation [(z+ 1) =zl (z).

15

Suggested Activities: Discuss the applications of Gamma and Beta Functions.

I11

Introduction to Beta function, Value of ['(z)I'(1 - z), Factorial function,
Legendre's duplication formula, Gauss multiplication theorem,

Suggested Activities: Discuss the various applications of Legendre's
duplication formula and Gauss multiplication theorem.

14

v

Hypergeometric fi unctions: Function oF | (a; b; ¢; 2), Simple intcgral form
of 21‘71 (a, b; ¢; z), Evaluation of ,F; (a, b; ¢; 1), Contiguous function
relations. .

‘Name of BOS: Mathemati
Date: ....

.............

Ny e Name: Dr. A K. Saxena
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2F (a, b; ¢; z) to solve real world problems.

Hypergeometrical differential equation and its solutions, Elementary
serics manipulations, Simple transformation, Relations between
v functions of z and (1 — 2).

Suggested Activities: Discuss how Elementary Series Manipulations and

Relations between functions of z and (1 — z) are used in Signal processing,
machine learning and cryptography.

14

Suggested Activities: Discuss the applications of Hypergeometric Function [ ‘\

Bessel Function: Definition of Jn(z), Bessel's differential equation,
Generating function, Bessel's integral with index half and an odd
Vi integer. 15

Suggested Activities: Discuss the applications of Bessel function in Signal
Processing, Control Systems and Medical Imaging.

Keywords/Tags:

Gamma and Beta Functions; Legendre's duplication formula, Hypergeometric Functions,
Simple transformation, Bessel Functions, Bessel's integral with index halfand an odd integer.

Part C — Learning Resources

Text Books, Reference Books, Other Resources
Suggested Readings: '

Text Books:

1. Rainville, E. D.:_ Special Functions, The Macmillan Co., New York, 1971.
2. REMEH et U SHPIeH! &) T |
Reference Books:

1. Lebdev, N. N.: Special Functions and Their Applications, Prentice Hall, Englewood
Cliffs, New Jersey, USA 1995.

2. Saran, N., Sharma, S. D. and Trivedi, T. N.: Special Functions with Application,
Pragati Prakashan, 2019.
Suggested Digital Platforms Web links:.
hitps://www .eshiksha.mp.gov.in/mpdhe :
https://epgp.inflibnet.ac.in/Hothe/ViewSubject -~ ~*

Part D — Assessment and Evaluation

Suggested Continuous Evaluation Methods:

Maximum Marks: - 100

Continuous Comprehensive Evaluation (CCE): 40 Marks

University Exam (UE): 60 Marks

Internal Assessment:

Continuous Compréehensive Evaluation (CCE) ‘ _ Total Marks: 40
External Assessment: i .

University Exam (UE) . Total Marks: 60
Name of BOS: Mathematics - - . m}mirmam@osy
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, . Part A— Introdugtion
Class: 1-Year Post-Graduate | Year: 2025 | Session: 2025-2026
(Semecster = )]

Program: 1-Ycar
Post-Graduate Programme

Subject: Mathcmatics

Course Codc

_-_____—————"—-_-_-_’_-_—_ e
Course Title Advanced Discrete Mathematics - | (Theor
Course Type cCc-33 _
%—F Pre-requii?te (if any) | To study this course, 2 student must have had the subject
Mathematics at Degree level (4 Year Degree Course).
5| Course Leaming The course will enable the students to: .
Outcomes (CLO) 1. Differentiate regular, context-free  and recursively
- enumerable languages.
2. Explain the basic concepts of finite automata and regular
expressions.
3. Understand Non-deterministic finite automata, Finite
_ . automata, Moore and Mealy Machines.
6 | Credit Value 5 Credits B
|7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40 |
Part B — Content of the Course J
Total No. of Lectures (in hours per week): 5 hours per week
Total Lectures: 75 hours
Module Topics \ No. of
Lectures

| Indian Knowledge System: .

i Contribution and biography of following Indian Mathematicians in 02
Advanced Discrete Mathematics: Pingala - Chandahsastra, Bhaskara 11

Finite Automata and Regular Languages:

Alphabets, strings and languages; Regular expressions, regular grammar

and regular languages; Finite automata, Regular languages and their

Il relationship with finite automata, Pumping lemma for regular languages, 08
Closure properties of regular languages. '

Suggested Activities: Discuss the applications df Finite Automata and Regular
Languages in Artificial Intelligence & Robotics and Network Security. \
Finite State Machine:

_ Finite state machines, their transition table and diagrams; Equivalence of

1l finite state machines, Reduced machines, Finite state machines and
homeomorphism, Finite State Machines as language recognizer.

Suggested Activities: Discuss the applications of Finite State Machine in \

20

Robotics & Automation and Telecommunications.

Deterministic and non-deterministic finite automata:

v Dc_aterministic finite automata, Non-deterministic finite automata,
Difference between deterministic and non-deterministic finite automata; 15

Conversion from non-deterministic 1o deterministic finite automata.

. Name of BOS: M
Date: .......... .

Signature of the Chairman (BOS):
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Suggested Activitics: Discuss on various apphca!mm of Deterministic and_T T
non-deferministic finite automaia,

Moore and Mealy Machines:

Moore Machine, Mealy Machines, Diffefence between Moore and
Mealy machines. Conversion from Modre machine to Mealy machine,
Conversion from Mealy machine to Moore machine. 20
Suggested Activities: Discuss the applications of (i) Moore Machine in Traffic

Light Controller, Elevator Control Systems and Digital Waiches (ii) Mealy
Machine in Reai-Time Control Systems.

Keywords/Tags:

Finite Automata and Regular Languages, Finite State Machine, Deterministic and non-
deterministic finite automata, Moore and Mealy Machines.

Part C — Learning Resourees
Text Books, Reference Books, Other Resources

Suggested Readings:
Text Books:
1. Karibasappa K. G. and Basavaraj S. Anami: Formal Languages and Automata Theory,
Wiley, 2011.
2. ). P. Tremblay and R. Manohar, Discrete Mathcmaucal Structures With Applications To
Computer Science, McGraw Hill Education; 1st’edition, 2017.
3.H fa=d) Tivy SrepTeE & e |
Reference Books:
1. J, E. Hopcroft. R. Motwani and J. D. Uliman, Introduction to Automata Theory,
Languages and Computation, 2nd Ed., Addison-Wesley, 2001.
2. H. R. Lewis, C.H. Papadimitriou, C. Papadimitriou, Elements of the Theory of
Computation, 2nd Ed., Prentice-Hall, NJ, 1997.

3. J. A. Anderson, Automata Theory w:th Modern Applications, Cambridge Unwersuty
Press, 2006.
Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe
Suggested Equivalent online courses:
https://nptel.ac.in/courses/106/106/106 106049/
https:// nptel.ac.in/courses/106/105/106105196/

Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods: i
Maximum Marks: 100
Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): 60 Marks
Internal Assessment:
Continuous Comprehensive Evaluation (CCE) . Total Marks: 40

External Assessment:
University Exam (UE) Total Marks: 60

Date: ........ )\ T SR Name: Dr. A. K. Saxena
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'—]_’art A — Introduction

|

Post-Graduate Programme (Semester — 1)
(OPTION-1)

Program: 1-Ycar Class: 1-Year Post-Graduate | Year: 2025 | Session: 2025-2026}

Subject: Mathematics

Coursc Code

l
l

Course Title

Operatlop Research - | (Theory)

y

Course Type CC -34

afwlol—

Pre-requisite (if any) | To study this course, a student must have had the subject

Mathematics at Degree level (4 Year Degree Course).

5 | Course Learning The course will enable the students to:
Qutcomes (CLO) |. Formulate real life problems into linear programming

problem.

model.
4. Distinguish transportation  problem and
problem.

2. Apply the simplex method to find an optimal solution.
3. Find optimal solution of transportation and assrgnment

assignment

6 | Credit Value 5 Credits

7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40

Part B — Content of the Course

Total No. of Lectures (in hours per week): 5 hours per week
* " Total Lectures: 75'hours

Module

Topics

No. of
Lectures

‘| Indian Knowledge System:

Contribution and biography of following Indian Mathematicians in
Operation Research:
Drt. P. C. Mahalanobis, Dr. C. R. Rao

02

|

Linear Programming Preblem:

{ Basic concepts of linear programming problem, Simplex method and

algorithm, Artificial variables technique, Two-phase method, Big-M
method.

Suggested Activities: Discuss the applications of Simplex method and Big-M
method for solving real world problenis.

20

I

Duality:

Definition and formulation of the dual problem, Primal-dual
relationships, Economic interpretation of the dual, Dual simplex
Method, ¢ o '

Sensitivity analysis.

Suggested Activities: Discuss the Dual simplex Method and their applications.

15

| Transportation Problems:

Mathematical model, Balanced and unbalanced problems, Degeneracy,
Optimality conditions, Methods to find starting splution and optimal

23

Name: Dr. A. K. Saxena

ature of the Chairman (BOSY):

Page 8 of 36



solution. Algorithm for solving transportation problem, Northwest-
Corer method, Lecast cost method, Vogel approximation method for
determination of starting basic solution.
Suggested Activities: Discuss on Northwest-Corner method and Least cost
method to solve Transportation Problems.

Assignment Problems: o
Mathematical model, Balanced and unbalanced problems, Opumah.ty
conditions, Hungarian method, Assignment probiem a.nd its

v mathematical formulation, Hungarian method for solving assignment 15
problem. '
Suggested Activities: Discuss on applications of Hungarian method for solving

some real-world problems viz. Taxi dispatch, sports refereeing, college project

allocation.
Keywords/Tags:
Linear Programming Problem, Duality, Transportation Problems, Assignment Problems.
[ Part C — Learning Resources J
Text Books, Reference Books, Other Resources J
Suggested Readings:
Text Books: . .
1. Kanti Swarup, P. K. Gupta and Manmohan: Opertions Research, Sultan Chand and Sons,
New Delhi, 2014.

2. Guillermo Owen: Game Théory, Emerald Publishing Limited, 4™ edition, 2013.
3. S. D. Sharma: Operations Research, Kedar Nath Publication, 2012.
4. Nita H. Shah, Ravi M. Gor and Hardik Soni: Operations Research, PHI Learning Pvt.

Ltd., 2007.
5. namw = du g @ gEad |
Reference Books: P '

|. Mokhtar S. Bazaraa, John J. Jarvis and Hanif D. Sherali: Linear Programming and
Network Flows, 2™ Ed., John Wiley and Sons, India, 2004.

2 F. S. Hillier and G. J. Lieberman: Introduction to Operations Research, 9" Ed., Tata
McGraw Hill, Singapore, 2009.

3. Hamdy A. Taha: Operations Research, An Introduction, 8" Ed., Prentice-Hall India,
2006. '

4. Prem Kumar Gupta and D. S. Hira: Operations Research-An Introduction, S. Chand &
Sons Company Ltd., New Delhi, 1995.
Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe
https://cpgp.inﬂibnet.ac.in/l—lome/\/iewSubject?catid=25 ,
Suggested Equivalent online courses:
hitps://nptel.ac.in/courses/ 110106062/
https://nptel.ac.in/courses/1 11107128/

hitps://ugemoocs.inflibnet.ac.in/index.php/courses/view_ug/275 ' k

Part D — Assessment-and Evaluation
Suggested Continuous Evaluation Methods:

L

igrature of the Chairman (BOS):
Name: Dr. A. K. Saxena
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Maximum Marks:

100

Continuous Comprehensive Evaluation (CCE): 40 Marks \
| University Exam (UE): 60 Marks

Internal Assessment:

Continuous Comprehensive Evaluation (CCE) Total Marks: 40

External Assessment: .
l University Exam (UE) Total Marks. 60 \

. -5

Name of BOS: Mathematics Signature of the Chairman (BOS):

............... Crereenas ' . -Mame: Dr. A. K. Saxena |

Date: ...........
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|

Part A — Introduction

Program: 1-Year
Post-Graduate Programme
(OPTION-1)

Class: 1-Year Post-Graduate | Year: 2025 | Session: 2025-2026

(Semester — 11)

Subject: Mathematics

l___l___L_\.._-

1 [ Course Code

2 | Course Title - Functional Analysis - I (Theory)

3 | Course Type CC - 4!

4| Pre-requisite (if any) | To study this course, 2 <tudent must have had the subject

—_

Mathematics at Degree level (4 Year Degree Course).

5 | Course Learning
Outcomes (CLO)

The course will enable the students to:
1. Understanding the inner product spaces, orthogonality and

Hillbert spaces.
2. Applying the linear operators in the formulation of

+ - differential and integral equations. .
3. Analyzing the distinguish between finite and infinite

dimensional spaces.

6 | Credit Value

5 Credits

7 | Total Marks

Max. Marks: 40 + 60 | Min. Passing Marks: 40

Part B — Content of the Course -

Total No. of Lectures (in hours per week): 5 hours per week

Total Lectures: 75 hours

Module Topics No. of
. Lectures
Indian Knowledge System:

l Contribution and biography of following Indian Mathematicians in

Advanced Abstract Algebra: 02
Dr. T. K. Varadarajan, Dr. R. R. Simha :
Hilbert space, Some properties of Hilbert Space: Schwarz inequality,

I Parallelogram Law, Polarisation identity. . 15
Suggested Activities: Discuss how Hilbert Space, Schwarz Inequality and
Polarization Identity be used in Machine Learning & Al
Convex sets. Orthogonal complements, Pythagoren theorem, Projection

m Theorem. _ 14
Sugpgested Activities: Discuss the applications of Pythagoren and Projection
theorem in Machine Learning and Signal Processing respectively.

Orthonorma! sets, Bessel's inequality, Complete orthonormal sets and
Paraseval's identity, Gram-Schmidt Orthogonalization process.

IV | Suggested Activities: Discuss the applications of Orthonormal Sets and Gram | - 13
Schmidt Orthogonalization process in Signal processing and machine learning |
respectively. : "

Signature of the Chairman (BOS):
Name: Dr. A, K. Saxena
Page 11 0f 36



’I_‘he Conjugatc Spacc H*. Riesz Representation Theorem for continuous
linear functional on a Hilbert Space. Hilbert adjoint opcrator and its
Vv propertics.
Suggested Activities: Discuss the applications of Hilbert adjoint operator in
Quantum Mechanics, Signal Processing and Machine Learning.
Self-adjoint operatofs, Positive, Normal artd Unitary Operators. Weak

and strong convergence. 15

14

A\
Suggested Activities: Discuss how Normal and Unitary Operators be used in
signal processing.
Keywords/Tags:

Hilbert space, Schwarz inequality, Convex sets, Orthonormal sets, Bessel's inequality, The

| Conjugate Space H*, Self-adjoint operators.

—

Part C — Learning Resources
Text Books, Reference Books, Other Resources

Suggested Readings:

Text Books: .
1. E. Kreyzig, Introductory Functional Analysis with applications, John Wiley and Sons,

New York, 1978.
2. G. F. Simmons, Introd
York, 1983.
3. e o Ty SrpTar B gEE s
Reference Books:
{. B. Choudhary and Sudarshan
Eastern Ltd., 2018,
2. P: K. Jain, O. P. Ahuja and
(P) Limited, 1997.
3. K. K. Jha, Functional Analysis and its Applications, Students’ Friend, 1986.
4.B. V. Limaye, Functional Analysis, Wiley Eastern Ltd.
Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe 7
https://epgp.inﬂibnet.ac.in/Homel_ViewSubject‘?catid=25 '
Suggested Equivalent online courses:
https:l/nptel.ac.in/courses/ 111/105/111105037/
https://nptel.ac.in/courses/ 111/106/111106147/

uction to Topology and Modern Analysis Mc Graw Hill, New

Nanda, Functional Analysis with applications, Wiley

Khalil Ahmad, Functional Analysis, New Age international

Part D — Assessment and Evaluation

Suggested Continuous Evaluation Methods: b

Maximum Marks: 160
Continuous Comprehensive Evaluation (CCE): 40 Marks

University Exam (UE): 60 Marks
Internal Assessment:
Continuous Comprehensive Evaluation (CCE) Total Marks: 40
External Assessment:
University Exam (UE) e - Total Marks: 60 B
Name of BOS: Mathematics Mrc of the Chairman (BOS): -

) Name: Dr. A. K. Saxena

,
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Part A — Introduction \

Program: 1-Year Class: 1-Year Post-Graduate | Year: 2025 | Session: 2025-2026
Post-Graduate Programime (Semester — 1)
(OPTION-1)
Subject: Mathematics |
! | Course Code _ J
2 | Course Title ’ Advanced Special Functions - I (Théory) |
3 | Course Type CC~42 \
4 | Pre-requisite (if any) | To study this course, a student must have had the subject X
' . Mathematics at Degree level (4 Year Degree Course).
5 | Course Learning The course will enable the students to:
Qutcomes (CLO) 1. Understanding' the Hermite polynomials, Pure recurrence
relations, Differential recurrence relations.
2. Using the Generating function for Legendre polynomials,

Rodrigues formula, Bateman’s generating  function,
Hypergeometric forms of Pn(x), Orthogonality.

3 Analyzing the Laguerre Polynomials Ln(x), Differential
Recurrence Relations, Pure Recurrence Relations.

6 | Credit Value 5 Credits

7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40

Part B — Content of the Course
Total No. of Lectures (in hours per week): 5 hours per week
Total Lectures: 75 hours

Module Topics ‘ No. of
Lectures
Indian Knowledge System:
[ Contribution and biography of following Indian Mathematicians in 02
Advanced Special Functions:

Dr. C. S. Seshadri, Dr. K. S. Chandrasekharan
Legendre polynomials - I:
Generating function for Legendre polynomials, Recurrence relations,
1 Rodrigue's formula, - Bateman's generating function, Additional 5
generating functions. : '

Suggested Activities: Discuss the applications of Legendre polynomials in
other branch of Mathematics.

Legendre polynomials - IT: : :
Hypergeometric forms of Py(x), Special properties of Pn(x), Some more
il generating functions] Laplace's first integral‘form, Orthogonality. - 14
Suggested Activities: Discuss how Legendre polynomials be used in trajectory
.| planning and path smoothing for autonomous robots and drones.

1V Hermite polynomials - I:/ 15

Name of BOS: Mathematics Signatyre of the Chairman (BOS):
Date: vueeivnen s e rrines Mm A. K. Saxena
Page 13 of 3t




Differential recutrence relations, Rodrigue's formula.

Suggested Activities: Discuss the applications of Hermite polynomials in other
branch of Mathematics.

—TDefnition of Hermitc polynomials H.(x), Pure recurrence relations,\

Hermite polynomials - 1I:

Other generating functions, Orthogonality, Expansion of polynomialsj ‘
v more generating functions. 14
. Suggested Activities: Discuss how Hermite polynomials be used in Signal \
Processing and Machine Learning.
. The Laguerre Polynomials Lgf')(x), Generating functions, Pure
15

Lagucrre Polynomials:
V1 recurrence relations, Differential recurrence relation, Rodrigue's
formula, Orthogonaljty. .y :
Suggested Activities: Discuss how Laguerre polynomials be used in Signal
Processing and Communications.
Keywords/Tags: '
Legendre polynomials, Hermitc polynomials, Lagucrre Polynomials.

Part C — Learning Resources
Text Books, Reference Books, Other Resources

Suggested Readings:
Text Books:
1. Rainville, E. D.: Special Functions, The Macmillan Co., New York, 1971.
2. TR 3 Ty SipTer 3 I |
Reference Books:

1. Lebdev, N. N.: Special Functions and Their Applications, Prentice Hall, Englewood
Cliffs, New Jersey, USA 1995. '

2. Saran, N., Sharma, S. D. and Trivedi, T. N.: Special Functions with Application,
Pragati Prakashan, 2019. . .
Suggested Digital Platforms Web links: -0

https:llwww.eshiksha.mp.gov.'mlmpdhe
https://epgp.inﬂibnet.ac.in/Home/ViewSubject

-y

Part D — Assessment and Evaluation ' J
Suggested Continuous Evaluation Methods: )
Maximum Marks: 100
Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): - 60 Marks
Internal Assessment: _ -
Continuous Comprehensive Evaluation (CCE) \ Total Marks: 40 \
External Assessment:
| University Exam (UE) \ Total Marks: 60 J

Name of BOS: Mat
Date: ............

ature of the Chairman (BOS):
Name: Dr. A. K, Saxena

...............
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PPart A — Introduction

Program: 1-Year Class: 1-Y
- ass: 1-Year Post-
Post-Graduate Programme Graduate

(OPTION-1)

(Semester — 1)

Year: 2025 \ Session: 2025-2021

Subject: Mathematics

Course Code

Course Title . Advanced Discrete Mathematics - 11 (Theory)

|
\
\

Course Type CC—43

|

|1
2
3
4

Pre-requisite (if any)

Mathematics at Degree level (4 Year Degree Course).

To study this course, a student must have had the subjectj

5

Course Learning The course will enable the students to:
Outcomes (CLQO) |. Test the equivalence of pushdown automata and context

free languages.

» - the given problem:

machine for a computer languagc.

computation and computational models.

4. Recognize core concepts relating to the theory of

2. Develop a computational model using Turing machine for

3. Design and construct a pushdown automaton and a Turing

Credit Value 5 Credits

-

Total Marks Max. Marks: 40 + 60| Min. Passing Marks: 40

Part B — Content of the Course

Total No. of Lectures (in hours per week): 5 hours per week
Total Lectures: 75 hours

Module

Topics

No. of
Lectures

Indian Knowledge System:
Contribution and biography of following Indian Mathematicians in
Advanced Discrete Mathematics:

Dr. C. R. Rao, Dr. Narendra Karmarkar

02

II

Context free grammars and languages: o
Context free grammars, Parse trees, Ambiguities 1 grammars and
languages, Properties of context free languages: Normal forms, Closure,

Decision. Pumping lemma for context free languages, Context sensitive

languages.

Suggested Activities: Discuss how Context free grammars. are used to n.1od_el
RNA secondary Structures and gene regulatory sequences, and in Artificial
Intelligence. _

Pushdown Automata:
Pushdown automata, Language accepted by pushdown automata,

Difference between pushdown and finite automata, Deterministic
Pushdown automata, Non-deterministic pushdown automata.

Name: Dr. A. K. Saxena

18

20

xaafure of the Chairman (BOS):
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Suggested Activities: Discuss how Pushdown automata be used in parsing and
evaluating arithmelic expressions with operator precedence and nested
parentheses.
Turing machine: . . .
Turing machine as 4 model of ‘computatiort, Types of '_l"prmg machine:
Multi-tape, Multi-track, Non-deterministic, Scmi-infinite  tape. 5
Programming with a Turing machine. ' __
Suggested Activities: Discuss how Turing machine be used in Artificial
\ Intelligence, Machine Learning and Cryptography.
Undecidability: _
Recursively enumerable and recursive languages, Undecidable p-roblt.ar_ns
about Turing machine: Halting, Post correspondence, Undecidability 20
problems about context free grammars, Rice Theorem. . __
‘Tuggested Activities: Discuss the applications of Undecidability in Artificial
Intelligence and Machine Learning.
Keywords/Tags: . . o
Context free grammars and languages, Pushdown Automata, Turing machine, Undecidability.

1A%

r Part C — Learning Resources
lﬁ Text Books, Reference Books, Other Resources
Suggested Readings: . ‘ L '
Text Books: ' o
1. Karibasappa K. G. and Basavaraj S. Anami: Formal Languages and Automata Theory,
Wiley, 2011.
2. 1. P. Tremblay and R. Manohar, Discrete Mathematical Structures With Applications To
Computer Science, McGraw Hill Education, Ist edition, 2017.
3. mewew Rl Uy SreTel & g |
Reference Books:
1. J. E. Hopcroft, R. Motwani and J. D. Ullman, Introduction to Automata Theory,
Languages and Computation, 2nd Ed., Addison-Wesley, 2001.
2. H. R. Lewis, C.H. Papadimitriou, C. Papadimitriou, Elements of the Theory of
Computation, 2nd Ed., Prentice-Hall, NJ, 1997,

3. J. A. Anderson, Automata Theory with Modern Applications, Cambridge University
Press, 2006.

Suggested Digital Platforms Web links:

https://www eshiksha.mp.gov.in/mpdhe

Suggested Equivalent online courses:
https://nptel.ac.in/courses/106/106/106106049/ .. "+
https:// nptel.ac.in/courses/106/105/106105196/

Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods:
Maximum Marks: 100

Cor_ttinuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): 60 Marks

Name of BOS:
Date: .........

_ Signature of the Chairman (BOS):
................... Name: Dr. A. K. Saxena
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Internal Assessment:

Continuous Comprchensive Evaluation (CCE) Total Marks: 40

External Assessment:
University Exam (UE)

Total Marks: 60

uniform demand, Economic lot size with finite rate ol replacement,
Simpie order level system with constant rate ol demand-with shortage,

Part A — Introduction )
Program: 1-Year Class: !-Year Post-Graduate Year: 2025 | Session: 2025-2026
Post-Graduate Programme _ (Semester — 1.,
(OPTION-1) ’ - o
Subject: Mathcmatics
1 | Course Code
2 | Course Title Operation Research - [ (Theory)
3 | Course Type CC-44 i
4 | Pre-requisite (if any) | To study this course, a student must have had the subject
Mathematics at Degree level (4 Year Degree Course).
5 | Course Learning The course will enable the students to: _
Outcomes (CLO) 1. Learn the constructions of networks of a project and
optimal scheduling using CPM and PERT. .
2: Compute inventory models on economic lot size system
with uniform and non-uniform demand.
3. Formulate and solve linear programming model of two-
person zero sum game.
4. Solve nonlinear programming problems using Kuhn-
Tucker conditions.
6 | Credit Value 5 Credits -
7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40
Part B — Content of the Course
Total No. of Lectures (in hours per week): 5 hours per week
Total Lectures: 75 hours
Module Topics No. of
Lectures
Indian Knowledge System:
I Contribution and biography of following Indian Mathematicians in
Operation Research: 02
Dr. Bharat Ramaswami, Dr. Raghavendra Gadagkar
Network Analysis:
Constraints in network, Construction of network, Critical Path Method
1 (CPM), PERT calculation, Resource leveling by network techniques, is
Advances of network (PERT/CPM).
Suggested Activities: Discuss on applications of Network Analysis in Industry.
Inventory Theory:
1 Inventory models on economic lot size system with uniform and non- 93
» |

Date: .....

Name of BOS: ematics WF the Chairman (BOS):
P e e = Name: Dr. A, K. Saxena

"
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models.

Generalized cconomic lot size modecl, Multi itcms deterministic

edule

Suggested Activities: Disclss how inventory theory s used to sch
production, order raw materials, and manage work-in-progress.
1

Game Theory:
Formulation of two-

person z€ro sum gamcs, Solving Lwo-person Zero
sum games, Games with mixed stratcgics, Graphlca[ solution proccdu.rc,
v Linear programming solution of games, Non-Linear programming 20

techniques: Kuhn-Tucker conditions, Non-negative conslra.mts.
Suggested Activifies: Discuss how Game theory helps analyzing the common

resource usage and sugtainability sirategies. .y _

Extensive Games: o
Game tree, Perfect information, Nash and subgame perfect equilibrium,

Chance moves, Information set, Incomplete information and perfect recall
v | Various oligopoly models, Coalitional games: Imputation and kernel, 15
Nucleolus and Shapley value.

Suggested Activities: Discuss how Extensive Games are used to solve some
Real-World problems.

| Keywords/Tags:
Network Analysis, Inv

entory Theory, Game Theory, Extensive games.

Part C — Learning Resources
Text Books, Reference Books, Other Resources

Suggested Readings:
Text Books:
1. Kanti Swarup, P. K. Gupta a

New Delhi, 2014. ‘ BN
2 Guillermo Owen: Game Theory, Emerald Publishing Limited, 4" edition, 2013.

3.8.D. Sharma: Operations Research, Kedar Nath Publication, 2012.
4. Nita H. Shabh, Ravi M. Gor and Hardik Soni: Operations Research, PHI Learning Pvt.

Ltd., 2007.
5. TUTR fadt T STeH! Y g |

Reference Books:
I. Mokhtar S. Bazaraa, John J. Jarvis and Hanif D. Sherali: Linear Programming and
o2

) Il:le;wo;lk Flows, 2" Ed., John Wiley and Sons, India, 2004.
_F. S. Hillier and G. J. Licberman: Introduction to Operati h g
F e e eroare, 2000, o Operations Research, 97 Ed., Tata
3. Hamdy A. Taha: Operati : i h
Ham perations Research, An Introduction, 8" Ed., Prentice-Hall India,
4, Prem Kumar Gupta and D. S. Hira: Operati
. S, A ations Research- X i
Sons Company Lud. New Delhi, 1995.[) esearch-An Introduction, S. Chand &
Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe ot

https://Cpg&inﬂibncl.ac.in/Home/Vichubjccl‘?cal‘id=‘25 / .
” munattre of the Chairman (BOS):

Name: D, AL K. Saxena

nd Manmohan: Opqrtions Research, Sultan Chand and Sons,
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# : .

Suggested Equivalent online courscs:

https:// nptel.ac.in/courses/ 110106062/
hups:/mptel.ac.in/courses/1 11107128/
https:/!ugcmoocs.inﬂibnel.ac.in/index.php/courscs/vicw ug/275

Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods:

Maximum Marks: 100
Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): 60 Marks

Internal Assessment:

| Continuous Comprehensive Evaluation (CCE) Total Marks: 40

External Assessment:
ks: 60
University Exam (UE) : | Total Mar

o

Name of BOS: Mathematics
Date: covviirireiirienreiaas Poiiiaaan

Signature of the Chairman (BOS):
. ‘Mame: Dr. A. K. Saxena .
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Part A — Introduction

Program: 1-Year Class: Post-Graduate 1-Year | Year: 5025 | Session: 2023-2026
Post-Graduate Programme (Semester — i ‘
(OPTION-1) ‘
, Subject: Mathematics
1 | Course Code
Course Title Writing Skills of Research Report and Research Paper
(Theory)
Course Type VACLQHM/EESC) i
4 | Pre-requisite (if any) To study this course, a student must have had any subject at
Degree level (4 Year Degree Course).
5 | Course Learning The course will enable the students to: ' _
Qutcomes (CLO) , 1. Recognize the -role of clear writing in effective
' communication of rescarch findings. .
2. Explain why documenting rescarch through reports IS
essential.
3. ldentify and sequence the stages involved in writing a
research report.
4. Organize content logically within sections of a report.
5 Differentiaie between technical, academic, progress, and
summary reports. '
6. Apply correct grammar, punctuation, and academic
~ language in writing.
7' Structure a research paper into sections such as Abstract,
Introduction, Methodology, Results, and Conclusion.
8. Understand the role of research in solving real-world
problems.
9. Develop effective presentation skills tailored to scholarly
. audiences. i :
6 | Credit Value 2 Credits B
7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40
Part B — Content of the Course
Total No. of Lectures (in hours per week): 2 hours per week
Total Lectures: 30 hours
Module Topics No. of
Lectures
Writing Research Report: :
| Significance of Report Writing, Need of Research Report, Different 15
Steps in Writing Report, Layout of the Research Report, Types of

Name of BOS: Mathematics

Sign of the Chairman (BOS):
Name: Dr. A. K. Saxena
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Reports_. Oral Prescntation, Mechanics of Writing a Research Report, ]
Precautions for Writing Research Reports, Plagiarism Prevention,

Suggested Activities: Group discussion, Case study analysis, Report
Structure mapping, Paraphrasing and citation practice.

Writing Research Paper and Presentatior: '

Research Paper Preparation, Types of research papers, Advantages of a
Research Paper, Writing a Rescarch Paper, Process of Submission of
N | Research  Paper, Presentation of research paper in a 15
conference/seminar/workshop.

Suggested Activities: Planning Sheet/Template, Classification & Matching
Activity, Section-wise Drafting & Peer Review, Journal Search.

Keywords/Tags:

Research Report Writing, Types of Reports, Format of A Research Paper, Presentation of
| research paper.

Part C — Learning Resources
Text Books, Reference Books, Other Resources

Suggested Readings:

1. C. R. Kothari: Research Mecthodology (Methods and Techniques), New Age
International Publisher§, 2010. ‘ .

2. Singh Yogesh Kumar: Fundaimental of Research Methodology and Statistics, New age
International Publishers, 2006.

3. V.P.Saxena: Research Methodology: Indira publishing House, 2016.

T 4. AUy R Uy spreHt 9t gwd |

Suggested Digital Platforms Web links:

https://www.eshiksha.mp.gov.in/mpdhe : :

https://epgp.inflibnet.ac.in/epgpdata/uploads/epgp _content/S001610/P001713/M020783/ET/

1499156968Modulel 9Q 1 Report Writing.pdf - :

https://egyankosh.ac.in/bitstream/123456789/39238/1/Unit-5.pdf

Suggested Equivalent online courses:

https://nptel.ac.in/courses/ 110105091

Part D — Assessment and Evaluation
"| Suggested Continuous Evaluation Methods:

Maximum Marks: 100

Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): ' 60'Marks

Internal Assessment: .

Continuous Comprehensive Evaluation (CCE) : Total Marks: 40

External Assessment:
University Exam (UE) Total Marks: 60

Signature of the Chairman (BOS): .

Name: Dr. A. K. Saxena
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Proposed Syllabus of the Post-Graduate Programme and Distribution of Credits
. for
1-Year PG Programme in Mathematics after 4-Year degree Course
(Semester System)
Scheme C-3 (For Non-Practicum Courses)

OPTION-2: Coursc Work & Rescarch Work
(Applicable to the UTDs/Colleges having research centers recognized by the University)
(w.e.f. 2025-206)

(English Version)
Course Type
Core Courses / Dissertation Seminar/ [ Total
- Research thesis/ | Credits
Sem |Courses| Course Title of Paper Credits | project/ Patent |.
Level |(5 Credits) (Theory)

500 | CC-31. |Functional Analysis (5 Credits)

500 { CC-32 | Advanced Special Functions (5 Credits) Seminar
1 500 | CC-33 | Advanced Discrete Mathematics (5 Credits)] - (2 Credits) 22

500 | CC-34 [ Operation Research (5 Credits)
I Research thesis / Project / Patent {Internal or External} (22 Credits) 22

Name of BOS; Signature of the Chairman (BOS):
Date: ... i PN eeercomtTrvaeeninrineinns Name: Dr. A. K. Saxena
Page 22 of 36
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Part A — Introduction

Session: 7025-2026 :

Program: 1-Year Class: Post-Graduate 1-Year Year: 2025
Post-Graduate Programme (Semester ~ )]
OPTION-2
= : Subject. Mathematics
1 | Course Code : ]
2 | Course Title ‘ — " TFunctional Analysis (Theory)
3 | Course Type cC-31 _
4 | Pre-requisite (if any) | To study this course, a student must have had the subject
' ! Mathematics at Degree level (4 YeaLQ_gg_[ﬁCourse).
S | Course Learning The course will enable the students to:
QOutcomes (CLO) 1. Understanding the Normed linear spaces, Banach spaces,
Linear operator, Lineat functional.
7. Analyzing the Properties of Normed linear spaces,
Bounded linear operators and Bounded linear functional.
3. Understanding the inner product spaces, orthogonality and
" Hillbert spaces.
4. Applying the Bessel's inequality and Gram Schmidt
Orthogonalization process in real world problems. :
6 | Credit Value 5 Credits '
7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40
“Part B — Content of thie Course
Total No. of Lectures (in hours per week): 5 hours per week : ;
Total Lectures: 75 hours ’
Module Topics No. of !

Lectures

Indian Knowledge System:
Contribution and biography of following Indian Mathematicians in
I Functional Analysis: 02
Dr. M. S. Narasimhan, Dr. S. R. S. Varadhan,
Dr. T. K. Varadarajan, Dr. R. R. Simha
Normed linear spaces, Properties of Normed linear spaces. Holder's,
Minkowski's and Cauchy's inequalities. Banach spaces and examples.
Finite dimensional normed linear spaces and subspaces.
1 Suggested Activities: (i) Discuss the applications of Normed Linear Spaces, 14
Holder's Inequality and Minkowski's Inequality in Machine Learning and data
science. (i) Discuss how Finite dimensional normed linear spaces and
subspaces be used in Machine Learning and Signal Processing. .
1 Quotient space of normed linear spaces and its completeness. Bounded
and Continuous linear operators, Equivalent norms, Ricsz lemma and

_Name of BOS; hematics igrdture of the Chairman (BOS).
Date: ..... O o Name: Dr. A, K. Saxena

14
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’ K

compactness. Lincar functional.

. i\ BN the a llca"on i ] ] ]
J o i’ ' $ \Y pp Qf‘LlneaT ﬁlnc“()nal in Mac‘””e

o tor real and complex linear spaces. Baire's
ategory Theorem. Uniform Boundedness theorem. Open mapping and
1v | Closed graph theorems. '

Suggested Activities:

{i) Discuss the application of Hahn-Banach theorem in 10
Game Theory. (ii) Discuss

on Baire's Category Theorem and Closed graph
theorem to solve real world problems.
\jhlbert space, Some  properties of Hilbert Space, Convex sets.
Orthogonal complements, Pythagoren theorem, Projection Theorem,
Y Suggested Activities: (i) Discuss how Hilbert Space, Schwarz Inequality and 10
Polarization Identity be used in Machine Learning & Al (ii) Discuss the

applications of Pythagoren and Projection theorem in Machine Learning and
Signal Processing respectively.

Orthonormal sets, Bessel's inequality, Complete orthonormal sets and
Paraseval's identity, Gram Schmidt Orthogonalization process.” The

Conjugate Space H*, Riesz Representation Theoremn for continuous
V1 | linear functional on a Hilbert Space.

15
. \Suggesred Activities: Discuss the applications of Orthonormal Sets and Gram

Schmidt Orthogonalization process in Signal processing and machine learning
respectively. '

LHilbert adjoint operator and its properties. Self-adjoint operators,
Positive, Normal and Unitary Operators. Weak and strong convergence.
Suggested Activities: (i) Discuss the applications of Hilbert adjoint operator in| . 10
Quantum Mechanics, Signal Processing and Machine Learning. (ii) Discuss

how Normal and Unitary Operators be used in signal processing.
Keywords/Tags:

Normed linear space, Banach space, Bounded and Continuous linear operators, Linear

functional, Baire's Category Theorem, Hilbert space, Schwarz ineq

equality, Convex sets,
Orthonormal sets, Bessel's inequality, Gram Schmidt Orthogonalization process. :

Vi

Part C — Learning Resources
_Text Books, Reference Books, Other Resources

Suggested Readings:
Text Books:

1. E. Kreyzig, Introductory Functional Analysis with applications, John Wiley and Sons,
New York, 1978. '

2. G. F. Simmons, Introduction to To
York, 1983. _
3. AN fa=dt Ty orpTe &Y g |

Reference Books:

pology and Modern Analysis Mc Graw Hill, New

1. B. Choudhary and Sudarshan Nanda, Functional Analysis with applications, Wiley
Eastern Ltd., 2018.

2. P. K. Jain, O. P. Ahuja and Khalil Ahmad, Functional Analysis, New Age International
(P) Limited, 1997.

i

Signature of the Chairman (BOS):

Name: Dr. A. K. Saxena
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3. K. K. Jha, Functional Analysis and its Applications, Students’ Friend, 1986.
4. 8. V. Limaye, Functional Analysis, Wiley Eastern Ltd.
suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.jn/mpdhe .
hitps://epgp-inflibnet.ac.in/Home/ ViewSubjcct?catid=25
Suggested Equivalent online courses:
https://nptel.ac.in/courses/111/105/111105037/

itps:/nptel.ac.in/courses/111/106/111106147/

Yf Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods:
Fﬂaximum Marks: 100
Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): 60 Marks
Internal Assessment:
Eominuous Comprehensive Evaluation (CCE) Total Marks: 40
-1 External Assessment: :
\ University Exam (UE) Total Marks: 60
¢ © b
’ s 4

Namf: of BOS: Mathemati ) ' Sigiature of the Chairman (BOS):
Date: .vvveeeeennnnn.., A o\ R Namie: Dr, A, K. Saxena
Page 25 of 36
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Part A — Introduction
program: 1-Year Class: Post-
P umie Programme ?SGraduate I-Year | Year: 2025
OPTION-2) emester — 1)

Session: 2025-2026

Subject: Mathematics

Course Code |
| Course Title |
| Course Type |

Advanced Special Functions (Theory)
- IPE cC-32
re-requisite (if any) | To study this course, a student must have had the subject

1
2
3
\71
Mathematics at Degree level (4 Year Degree Course).
R Course Learning The course will enable the students to:

Outcomes (CLO) 1. Understand Gamma, Beta functions, Factorial function.
' 2. Recognize Hypergeometric and contiguous function
relations.
3. Applications of Bessel function in various field such as
Industry etc.
4. Understanding the Hermite polynomials, Pure recurrence
relations, Differential recurrence relations.
5. Applying the Orthogonality for Legendre polynomials to
solve boundary value problems.
-5

| 6 | Credit Value 5 E€redits o :
| 7 | Total Marks Max. Marks: 40 + 60| Min. Passing Marks: 40
{ Part B — Content of the Course
V - Total No. of Lectures (in hours per week): 5 hours per week.
Total Lectures: 75 hours
Module Topics : No. of

Lectures

Indian Knowledge System:
Contribution .and biography of following Indian Mathematicians in
I Advanced Special Functions: _ 02
Srinivasa Ramarujan, Dr. Harish-Chandra,
Dr. C. S. Seshadri, Dr. K. S. Chandrasekharan
Gamma and Beta Functions:
The Euler or Mascheroni Constant vy, Gamma Function, Series for I'(z) /
I'(z), Difference equation I'(z + 1) = zI'(z). Beta function, Value of
r@r( - z), Factorjal function, Legendre's duplication formula, Gauss 13
multiplication theorem. B '
Suggested Activities: Discuss the various applications of Gamma and Beta \

I

Functions, Legendre's duplication formula and Gatiss multiplication theorem.

"| Hypergeometric functions: 0
111 Simple integral form of 2F, (a, b,.£; 2), Contiguous function relations.

Name of BOS: Mathematic Signatu the Chairman (BOS):
Date: o ovvernceineeneeensrafe N Nanre: Dr. A. K. Saxena
, W Page 26 of 36




l"}’perg‘eOI'!'l‘Cll'lcﬂl d_!f ferential equation and its solutions, Simple
:::;fg;:}i:l:m:’iilaz)o?Js’ vbctwe;zr,a funr:tim?s of zand (1 - 2). .
Fria b e 2 fo ;m’ve Jc;‘;i\;:‘ f .H. a]?].Jhcanons of H){pergeomemc Function

e O e &7 10 vorld problems. (ii} Discuss how Elementary
{)‘erlf.’s Manipulations and Relations between functions of z and (1 —z) are used
in Signal processing, machine learning and cryptography.
Bessel Function: '
Definition of Ju(z), Bessel's differential cquation, Generating function,
Bessel's integral with index haif and an odd integer. 10
Suggested Activities: Discuss the applications of Bessel function in Signal
Processing, Conmtrol Systems and Medical Imaging.
Legendre polynomials:
Generating function, Recurrence relations, Rodriguc's forrula,
Bateman's generating function, Hypergeometric forms of Pa(x), Special
v propetties of Py(x), Laplace's first integral form, Orthogonality.
| Suggested Activities: (i) Discuss the applications of Legendre polynomials in
other branch of Mathematics. (ii) Discuss how Legendre polynontials be used
in trajectory planning and path smoothing for autonomous robots and drones.
Hermite polynomials:
Pure recurrence relations, Differential recurrence relations, Rodrigue's
formula, - Other generating functions, Orthogonality, Expansion of
VI | polynomials.
Suggested Activities: (i) Discuss the applications of Hermite polynomials in
other branch of Mathematics. (i) Discuss how Hermite polynomials be used in
Signal Processing and Machine Learning.
Laguerre Polynomials:
The Laguerrc Polynomials Lff)(x), Generating functions, Pure
VI recurrence relations, Differential recurrence relation, Rodrigue's 10
formula, Orthogonality. N .

Suggested Activities: Discuss how Laguerre polynomials be used in Signal
Processing and Communications.
Keywords/Tags:
Gamma and Beta Functions, Legendre's duplication formula, Hypergeometric Functions,
Bessel Functions, Legendre polynomials, Hermite polynomials, Laguerre Polynomials,

I5

Part C — Learning Resources
Text Books, Reference Books, Other Resources

Suggested Readings:

Text Books:
1. Rainville, E. D.: Special Functions, The Macmillan Co., New York, 1971,

2. gy fa=dt gy rapreH @ g |
Reference Books:
1. Lebdev, N. N.: Special Functions and Their Applications, Prentice Hall, Englewood Cliffs,

New Jersey, USA 1995,
2. Saran, N., Sharma, S. D. and Trivedi, T. N.: Special Functions with Application, Pragati

Prakashan, 2019. . ‘ oL _

Signaftre of the Chairman (BOS):

Name: Dr. A, K. Saxena
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-osted Digital Platforms Web links:
h::gs:llwww.eshiksha.mp.gov.in/mpdhe
nitps:e p.inflibnet.ac.in/Home/ViewSubject

o
=
L]

Part D — Assessment and Evaluation

“Suggested Continuous Evaluation Methods:

Maximum Marks: 100
Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE): 60 Marks

Internal Assessment:
Continuous Comprehensive Evaluation (CCE)

Total Marks: 40

External Assessment:
University Exam (UE)

Total Marks: 60

Date:

JW
Name of BOS: Mathematics

.................. Signature of the Chairman (BOS):

Name: Dr. A. K. Saxena
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g ’/P__‘_______ﬁ . : -
Part A — Introduction

Program: 1-Year Class: Post-Graduate I-Year | Year: 2025 | Scssion: 2025-2026
Post-Graduate Programme (Semester — )
(OPTION-2)

Subject: Mathematics
1 | Course Code -
2 | Course Title Advanced Discrete Mathematics (Theory) |
3 | Course Type CC-33

4 | Pre-requisite (if any) To study this course, a student must have had the subject

Mathematics at Degree level (4 Year Degree Course).

5 | Course Learning The course will enabie the students to: ]
Qutcomes (CLO) 1. Differentiate reguiar, context-free and recursively
enumerable languages.

2. Explain the basic concepts of finite automata and regular
expressions. .

3. Understand Nongdeterministic fine automata, Finite
automata, Moore and Mealy Machines.

4. Design and construct a Turing machine for a computer
language.

5. Recognize core concepts relating to the theory of
computation and computational models.

| 6 | Credit Value 5 Credits
17 | Total Marks Max. Marks: 40 + 60 _| Min. Passing Marks: 40

: Part B — Coutent of the Course
Total No. of Lectures (in hours per week): 5 hours per week
. Total Lectures: 75 hours
Module Topics ' _ No. of
Lectures

Indian Knowledge System:
Contribution and biography of following Indian Mathematicians in

[ - | Advanced Discrete Mathematics: 02
Pingala - Chandahsastra; Bhaskara IE, :
Dr. C. R. Rao, Dr. Narendra Karmarkar

Finite Automata and Regular Languages:
| Alphabets, strings and languages; Regular expressions, regular grammar

and regular languages, Finite automata, Regular languages and their
1l relationship with finite automata, Pumping lemma for regular languages, 13
Closure properties of regular languages. '
Suggested Activities: Discuss the applications of Finite Automata and Regular |
Languages in Artificial Intelligence & Robotics and Network Security. J

Name of BOS: Mat ics gnature of the Chairman (BOS):

Date: oot A NN i Name; Dr. A. K. Saxena
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Finite State Machine:

Finite statc machines, their transition table and diagrams; Equivalence of
finite state machines, Reduced machines, Finite state machines and
homcomorphism, Finite State Machines as language recognizer.

Suggested Activities: Discuss the applications of Finite State Machine in
Robotics & Automation and Telecommunications.

Deterministic and non-deterministic finitc automata: |
Deterministic finite automata, Non-deterministic finite automata,
Difference between deterministic and non-deterministic finite automata; (5
\Conversion from non-deterministic to deterministic finite automata.

Suggested Activities: Discuss on various applications of Deterministic and
non-deterministic finite antomata.

Moore and Mcaly Machines:

IV

Moore Machine, Mealy Machines, Difference between Moore and
Mealy machines, Conversion from Moore machine to Mealy machine,
v Conversion from Mealy machine to Moore machine.

10
Suggested Activities: Discuss the applications of (i) Moore Machine in Traffic

Light Controller, Elevator Control Systems and Digital Waiches (ii) Mealy
Machine in Real-Tine Control Systems.

Pushdown Automata:

Pushdown automata, Language accepled by pushdown automata,
Difference between pushdown and finite automata, Deterministic
Vi Pushdown automata; Non-deterministic Pushdown automata.

. 10
Suggested Activities: Discuss how Pushdown automata are used in parsing

and evaluating arithmetic expressions with operator precedence and nested
parentheses.

Turing machine:

| e

Turing machine as a model of computation, Types of Turing machine:
Vi Multi-tape, Multi-track, Non-deterministic, Semi-infinite tape. 10
Programming with a Turing machine. ‘

Suggested Activities: Discuss how Turing machine is used in Artificial

Intelligence, Machine Learning and Cryptography.
Keywords/Tags:

Finite Automata and Regular Languages, Finite State Machine, Deterministic and non-
deterministic finite automata, Moore and Mealy Machines, Pushdown au
machine.

tomata, Turing
Part C — Learning Resources
Text Books, Reference Books, Other Resources
Suggested Readings: A Ot
Text Books:
1. Karibasappa K. G. and Basavar:
2011.

aj 8. Anami: Formal Languages and Automata Theory, Wiley,

2. J. P. Tremblay and R. Manohar, Discrete Mathematical Structures With Applications To
Computer Scit_ance, McGraw Hill Education, 1st edition, 2017.

3. ReAdeY o< vy srpree 9 qeas

Reference Books:

) N _—
Name of BOS; Mathematics

Signaﬁn?e of the Chairman (BOS):
Date: oo o N Name: Dr. A. K. Saxena
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—7_E. Hoperoft. R. Motwani and J. D. Ullman. Introduction to Automata Theory. Languages 'anﬁﬂ
. éomputation. 2nd Ed., Addison-Wesley. 2001.

2. H. R. Lewis, C.H. Papadimitriou. C. Papadimitriou. Elements of the Theory of Computation. 2nd
- Ed.. Prentice-Hall, NJ, 1997,

3.]. A. Anderson. Automata Theory with Modem Applications. Cambridge University Press, 2006.
Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe
Suggested Equivalent online courses:
https://nptel.ac.in/courses/106/4106/106106049/ : J
https:// nptel.ac.in/courses/106/105/106105196/

r Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods:
Maximum Marks: 100

Continuous Comprehensive Evaluation (CCE): 40 Marks
University Exam (UE):

60 Marks
\i‘lternal Assessment:

Continuous Comprehensive Evaluation (CCE) Total Marks: 40 }
\j}xternal Assessment: :

versi ks: 60 J
| University Exam (UE) Total Mar

||

Name of BOS: Mathematics

Date: ................_ Signature of the Chairm

an (BOS):
Name: Dr. A. K. Saxen ‘

a
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Part A — Introduction T
Program: 1-Year Class: Post-Graduate I-Year | Year: 2025 | Session: 2025-2026
Post-Graduate Programme {Semester — Iy
(OPTION-2)
Subject: Mathematics
1 | Course Code
2| Course Title Operation Research (Theory)
3 | Course Type CC - 34
4 | Pre-requisite (if any) | To study this course, a student must have had the subject
Mathematics at Degree level (4 Year Degree Couise).
5 | Course Learning The course will enable the students to-
Outcomes (CLO) 1. Formulate real life problems into linear programming
: problem.
2. Apply the simplex method to find an optimal solution.
3. Find optimal solution of transportation and assignment
model.
4. Distinguish transportation problem and assignment
problem. '
5. Formulate and solve linear programming model of two-
__person zero sum game.
6 | Credit Value 3 Credits
7 | Total Marks Max. Marks: 40 + 60 | Min. Passing Marks: 40
Part B — Content of the Course
Total No. of Lectures (in hours per week): 5 hours per week
*  Total Lectures: 75 hours
Module Topics No. of
Lectures
.| Indian Knowledge System:
Contribution and biography of following Indian Mathematicians in
I Operation Research: 02
Dr. P. C. Mahalanobis, Dr. C. R. Rao,
Dr. Bharat Ramaswami, Dr. Raghavendra Gadagkar
Linear Programming Problem:
Basic concepts of linear programming problem, Simplex method and
1 algorithm, Artificial variables technique, Two-phase method, Big-M 13
method.
Suggested Activities: Discuss the applications of Simplex method and Big-M
method for solving real world problems.
Duality:
i Definition and formulation of the dual problem, Primal-dual 10
relationships, Economic

interpretation. of the dual, simplex
P e dual, DuatSimp

......................

Signature of the Chairman (BOS):
Name: Dr. A. K. Saxena
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Method, ’ - T N
Sensitivity analysis.
Suggested Activities: Discuss the Dual simplex Method and their applications.
| Transportation Problems:
Mathematical model, Balanced and unbalanced problems, Degeneracy,
Optimality conditions, Methods to find starting solution and optimal
solution, Algorithm for solving transportation problem, Northwest-
Corner method, Least cost method, Vogel approximation method for
determination of starting basic solution.
YSuggcsred Activities: Discuss on Northwest-Corner method and Least cost
method to solve Transportation Problems.
Assignment Problems:
Mathematical model, Balanced and unbalanced problems, Optimality
conditions, Hungarian method, Assignment problem and its
vV mathematical formulation, Hungarian method for solving assignment 12
problem.
Fuggcsted Activities: Discuss on applications of Hungarian method for solving

13

some real-world problems viz. Taxi dispatch, sports refereeing, college project

allocation. i

Network Analysis:

"\ Constraints in network, Construction of network, Critical Path Method
Vi1 (CPM), PERT calculation, Resource leveling by network techniques, 10
Advances of network (PERT/CPM).

| Suggested Activities: Discuss on applications of Network Analysis in Industry.
Game Theory:
Formulation of two-person zero sum games, Solving two-person zero
sum games, Games with mixed strategies, Graphical solution procedure,
Vil | Linear programming solution of games, Non-Linear programming 15
techniques: Kuhn-Tucker conditions, Non-negative constraints.
Suggested Activities: Discuss how Game theory helps analyzing the common
resource usage and sustainability strategies.

Keywords/Tags: - _ N
Linear Programming Probleth, Duality, Transportation Problems, Assignment Problems,
Game Theory. J
Part C — Learning Resources |

- Text Books, Reference Books, Other Resources B
Suggested Readings: ' '
Text Books: ‘

1. Kanti Swarup, P. K. Gupta and Manmohan: Opertions Research, Sultan Chand and Sons,

New Delhi, 2014.

2. Guillermo Owen: Game Theory, Emerald Publishing Limited, 4% edition, 2013. |
3. S. D. Sharma: Operations Research, Kedar Nath Publication, 2012,

4. Nita H. Shah, Ravi M. Gor and Hardik Soni: Operations garch, PHI Learning Pvt.
Ltd., 2007. -~

L.

‘Name of BOS: i Wre of the Chairman (BOS):
Date: ......... T W\ VRN Name: Dr. A. K. Saxena

. - . -3
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Reference BOOKS:
1. Mok

htar S. Bazaraa, John J. Jarvis and Hanif D. Sherali: Linear Programming and
Network Flows, 2™ Ed., John Wiley and Sons, India, 2004.

2. F. S. Hillier and G. J. 4ieberman: Introductioh to Operations Research, 9" Ed., Tata
McGraw Hill, Singapore, 2009. ' .

3. Hamdy A. Taha: Operations Research, An Introduction, 8" Ed., Prentice-Hall India
2006.

4. Prem Kumar Gupta and D. S. Hira: Operations Research-An Iatroduction, S. Chand &
Sons Company Ltd., New Delhi, 1995.

Suggested Digital Platforms Web links:
https://www.eshiksha.mp.gov.in/mpdhe
https://epgp.inflibnet.ac.in/Home/ViewSubject?catid= =25
Suggested Equivalent online courses:
https://nptel.ac.in/courses/ 110106062/
https://mptel.ac.in/courses/111107128/

https://ugemoocs.inflibnet.ac.in/index.php/courses/view ug/275

Part D — Assessment and Evaluation
Suggested Continuous Evaluation Methods

Maximum Marks:

100 -
Continuous Comprehensive Evaluatlon (CCE): 40 Marks
University Exam (UE): 60 Marks
‘Internal Assessment: .
Continuous Comprehensive Evaluation (CCE) "Total Marks: 40
External Assessment:
University Exam (UE) Total Marks: 60

Name of BOS: Mathematics
Dat_e:

e S
asa

Signature of the Chairman (BOS):
Name: Dr. A, K. Saxena
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the Post-Graduate Programme and Distribution of Credits

for .

1-Year PG Programme in Mathematics after 4-
(Semester System)
Scheme C-3 (For Non-Practicum Courses)

Proposed Syllabus of
Year degree Course

LOPTION-3: Only '.Res_earch Work

(Applicable to the UTDs/Collcges having research centers recognized bg./ the University)
(w.e.f. 2025-20)
(English Version)
‘| sem | Total
¥ Credits
1 " Research thesis / Project/ Patent {Internal or External} (22 Credits) 22
Il Research thesis / Project / Patent {Internal or External} (22 Credits) - § 22

Name of BOS: Mathematics iynature of the Chairman (BOSY:
Name: Dr. A. K. Saxena

|37 U U TP PP PPRIPRPRTS
Page 35 of 36



Proposed Syllabus of the Post-Gradu

1-Year PG Programme i
(Semester System}
Scheme C-3 (For Non-Practicum

, OPTION-L: Only Cours

(Applicablc to all Colleges of MP running
(w.e.f. 2025-26)

ate Programme and

or
n Mathematics after 4

Distribution of Credits

_Year degree Course

Courses)

¢ Work

PG programme)

Hindi Version B
Course Type
Core Courses/ Dissertation R Semi:::;l iy Total
. escarch thesis/ | Credit
Sem [Courses| Course Title of Paper Credits | Project/ Patent redi®
(5 Credits) (Theory)
500 | CC-31 Functional Analysis - 1 (5 Credits)
37 ; - >
' 500 | CC-32 Advanced Special Functions - 1 (5 Credits) Seminar
I 500 | CC-33 Advanced Discrete Mathematics -1 |(5 Credits), (2 Credits) 22
500 | CC-34 Operation Research -1 (5 Credits)
— g . ——-——-——"_____-—-—————'_'-_',____————-"
500 | CC-4l Functional Analysis - i1 (5 Credits} Writing Skills
| T Rdihiiniid
500 | CC42 Advanced Special Functions - I ] Credits) of Research
Z50 | CCA3 | Advanced Discrete T athemabics - 11 | (5 Credits) Reportand | 22
I 500 | CC-44* Operation Research - 1 (5 Credits) Resea[:;xgaper
OR
' Dissertation (CHM/EESC)
‘ L__J__’J-— (2 Credits}]

A

Name of BOS: Mathcmatics
DAtE: ooevenrcncmrneraniananasisrerres

sehture of the Chairman (BOS):
Name: Dr. A, K. Saxena
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5T TS
1. E. Kreyzig, Introductory Functional
New York, 1978.
2.G. F. Simmons, Introduction to
1983.
3. nmqﬁmﬁaﬁﬂumaﬁwﬁﬂ
L LA QT\ﬁ? :
{. B. Choudhary and S
Eastern Ltd., 2018.
2. P. K. Jain, O. P. Ahuja

(P) Limited, 1997.
3. K. K. Jha, Functional Analysis and its Applications, Students’ Friend, 1986.

4.B. V. Limayc, Funcgional Apalysis, Wiley Eastern Ltd.
e dewid : ,

Analysis with applications, John Wiley and Sons,

Topology and Modcrn Analysis Mc Graw Hill, New York,

udarshan Nanda, Functionat Analysis with applications, Wiley

and Khatil Ahmad, Functional Analysis, New Age International

https:[fwww.eshiksha.mp.gov.'ml mpdhe
https:// cpgp.inﬂibne‘t_’.ac.infﬂomeN iewSubject?catid=25

. AUGY TG UTGHseH ¢
https:// nptel.ac.in/courses/ 111/105/111105037/
https:linptel.ac.infcoursesf 111/106/111106147/
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1. Rainville, E. D.: Special Functions, The Macmillan Co., New York, 1971.
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1. Lebdev, N. N.: Special Functions and Their Applications, Prentice Hall, Englewood
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1. Karibasappa K. G. and Basavaraj 5. Anami: Formal Languages and Automata Theory,
Wiley, 2011. '
2. 1. P. Tremblay and R. Manobar, Discrete Mathematical Structures With Applications To
Computer Science, McGraw Hill Education, 1st edition, 2017.
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1. J. E. Hopcroft, R. Motwani and J. D. Ulirhan, Introduction. to Automata Theory,
‘Languages and Computation, 2nd Ed., Addison-Wesley, 2001.
2. H. R.. Lewis, C.H. Papadimitrion, C. Papadimitriou, Elements of the Theory of
Computation, 2nd Ed., Prentice-Hall, NJ, 1997.
3 j. A. Anderson, Automata Theory with Modern Applications, Cambridge University
Press, 2006.
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1. Kanti Swarup, P. K. Gupta and Manmohan: Opertions Research, Sultan Chand and Sons,
New Delhi, 2014. .
9_Guillermo Owen: Game Theory, Emerald Publishing Limited, 4" edition, 2013.
3. S. D. Sharma: Operations Research, Kedar Nath Publication, 2012. g
4. Nita H. Shah, Ravi M. Gor and Hardik Soni: Opcrations Rescarch, PHI Learning Pvt.
Ltd., 2007. :
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1. Mokhtar S. Bazaraa, John J. Jarvis and Hanif D. Sherali: Linear Programming and
Network Flows, 2™ Ed., John Wiley and Sons, India, 2004.
2. E. S. Hillier and G. J. Licberman: Introduction to Operations Research, 9" Ed., Tata
McGraw Hill, Singapofe, 2009. R :
3. Hamdy A. Taha: Operations Research, An Introduction, gt Ed., Prentice-Hall India, 2006.
4. Prem Kumar Gupta and D. S. Hira: Operations Research-An Introduction, S. Chand &

Sons Company Ltd., New Delhi, 1995.
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Proposed Syllabus of the Post-Graduate Programme and Distribution of Credits
for
1-Year PG Programme in Mathematics after 4
(Semester System)
Schemg C-3 (For Non-Practicum Courses)

-Year degree Course

QPTION-3: Only Research Work

(Applicable to the UTDs/Colleges having research centers recognized by the U
(w.c.f. 2025-20)
(Hindi Version)

niversity)

S PR . L . Total
em Credits
[ 1 \ Research thesis / Project / Patent {Internal or External} (22 Credits) 22
\ ! \ Research thesis / Project / Patent {Internal or External} (22 Credits) 22
’ . \'
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