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Paper —I1: Analysis

L. Finite, countable and uncountable sets - Metric spaces - Compact sets -Perfect sets
Connected sets. ( 2 questions to be set)

II. Sequences in metric spaces Subsequences - Cauchy sequences - Upper and lower
limits - Some special sequences. Absolute convergence - Addition and multiplication
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Paper 1V - Complex Analysis and Special Functions
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UNIT-1I

Functions of a complex variable — Continuity — Differentiability — Analyticity —
Properties — Cauchy-Riemann equations in Cartesian and polar coordinates. Harmonic
and conjugate harmonic functions — Milne — Thompson method.

Elementary functions: Exponential, trigonometric, hyperbolic functions and their
properties — General power Z € (¢ is complex), principal value.

UNIT-1II

Complex integration: Line integral — evaluation along a path and by indefinite integration
— Cauchy’s integral theorem — Cauchy’s integral formula — Generalized integral formula.
Complex power series: Radius of convergence — Expansion in Taylor’s series,
Maclaurin’s series and Laurent series. Singular point —[solated singular point — pole of
order m — essential singularity.

UNIT-1V

Residue — Evaluation of residue by formula and by Laurent series - Residue theorem.
Evaluation of integrals of the type

(a) Improper real integrals [* f(x)dx
(b) ["f(cos®,sin0)do

©) [ e™f(x)dx

(d) Integrals by indentation.
Argument principle — Rouche’s theorem — determination of number of zeros of complex
polynomials - Maximum Modulus principle - Fundamental theorem of Algebra, Liouville’s
Theorem.

UNIT-V
Conformal mapping: Transformation by 7, Inz,z%, z” (n positive integer), Sinz, cosz,

Centre for Distance and
Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

TIRUPATL




Text Books

1. A text Book of Mathematical Methods, S M Naidu, StudentsHelpline Books
2. Advanced Engineering Mathematics, Irvin Kreyszig, Wiley India Pvt. Ltd.

3. A text Book of Engineering Mathematics, Thamson Book Collection.
4

A text Book of Engineering Mathematics, Shahnaz Bathul, Prentice Hall of
India.

AN

] V. Universi, J;Z TRAR

Ceontre for Distance and Ti i
Online Education (CDC¥) Irupati s-v. UNIVERSI
Sri Venkateswara University
TIRUPATI - 517 502. TIRUPATL




M.Sc MATHEMATICS

OPERATION RESEARCH
M.Sc(Mathematics)

Semester - |

Authors

Dr. K Rama Krishna
Dr. T Mahesh Kumar
Dept. of Mathematics
S.V. University, Tirupati - 517502 AP

S@__,'M
DIRECTOR

Centre for Distance and
Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

Tirupathi, 8.V. UNIVERSI
TIRUPATL


M.Sc MATHEMATICS

Semester - I


All rights reserved. No part of this publication which is material protected by this copyright notice may
be reproduced or transmitted or utilized or stored in any form or by any means now known or hereinafter
invented, electronic, digital or mechanical, including photocopying, scanning, recording or by any
information storage or retrieval system, without prior written permission from the CDOE, SVU.

AN

S @_)._)w
DIRECTOR

Centre for Distance and
Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

nd Online Education

Sri VénKateswaga Universi
Ti at(ﬂf,ﬁ& S17 SOAV.EUNWTERI:ST

TIRUPATL




1.0
1.1

1.2
1.3
1.4
1.5
1.6

1.7

1.8
1.9
1.10
1.11
1.12

2.0
2.1

2.2
23

24

2.5
2.6

2.7
2.8
2.9

2.10 Questions for Discussion

<
O e ¥ Univer
Centre for istanc]élg&? ste cadings T y

Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

CONTENTS

UNIT -1

Aims and Objectives
Introduction

Assumptions of LPP

Mathematical formulation

Graphical method of solution

Simplex method

Big-M method and Two phase method
1.6.1 The Big-M-method (Penalty Method)
1.6.2 The Phase Method

Dual simplex method

Let us Sum up

Keywords

Answers to ‘Check Your Progress’
Questions for Discussion

Suggested Readings

UNIT - 11

Aims and Objectives
Introduction

Importance o Integer Programming
Applications of Integer Programming

2.3.1 Methods of integer programming
Gonory’s Fractional Cut Algorithm

(Or) Cutting Plane Method For Pure (All) I.P.P
Mixed integer programming problem

Branch and bound techniques

Let us Sum up

Keywords

Answers to ‘Check Your Progress’

irupatj

Page No.

o W A W W

57
57

58
58
59
59

67
72
78
78
78
81
82

J;g TRAR

8.V. UNIVERSI

TIRUPATL



Lesson 3

3.0
3.1
32

33
34

35

3.6
3.7
3.8
39
3.10
3.11
Lesson 4
4.0
4.1
4.2

43

44
45
4.6
47

AN

S
Dl%ﬁ'ﬁ_—w 4.8

Centre for Distance and
Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

Aims and Objectives

Introduction

Mathematical Model of furmulation of TP

3.2.1 Tabular form of transportation model

General transportation problem

Initial basic feasible solution

3.4.1 North West Corner Method (NWCM) procedure
3.4.2 Least Cost Method (LCM) procedure

3.4.3 Vogel's Approximation Method (VAM) Procedure
Optimal Solution

3.5.1 Loops

3.5.2 Stepping stone method procedure

3.5.3 MODI method Procedure

Degeneracy

Let us Sum up

Keywords

Answers to ‘Check Your Progress’

Questions for Discussion

Suggested Readings

Aims and Objectives
Introduction

Hungarian Method

4.2.1 Mathematical Representation of AP

4.2.2 Definition and Assumptions of AP

4.2.3 Assignment Model

4.2.4 Solution Methods of Assignment Problem
4.2.4 Alogorithm to find the Optimal Solution to AP
Traveling salesman problem

Let us Sum up

Keywords

Answers to ‘Check Yo
2%
Questions for Discugsier
Q

5 S.v. Univers,'ty

Tirupati

Suggested Readings

83
83
84
85
85
87
87
89
92
95
95
96
97
106
113
114
114
125
126

127
127
128

128
128
129
129
129
135

140
140

4L

141

45

TRAR

8.V. UNIVERSI

TIRUPATL



5.0
5.1
52

53
5.4
5.5

5.6
5.7
5.8
59
5.10
5.11
5.12

Lesson 6

AN

6.0
6.1

6.2

6.3

6.4

6.5
6.6

6.7
6.8
6.9
6.10

7.0
7.1

DIRECTOR

Centre for Distance and
Online Education (CDTC:)
Sri Venkateswara University
TIRUPATI - 517 502.

7.3

UNIT - 111

Aims and Objectives

Introduction

Some basic terms

5.2.1 Assumptions of Game theory
Two-person zero-sum games

The maxmini-minimax principle

Games without saddle points-Mixed Strategies
5.5.1 Algebraic method

Graphic solution of 2 * n and m*2 games
Dominance property

Let us Sum up

Keywords

Answers to ‘Check Your Progress’
Questions for Discussion

Suggested Readings

Aims and Objectives

Introduction

Meaning & Purpose of Simulation

6.2.1 Characteristics of the process of simulation

Simulation Procedures

6.3.1 Monte Carlo Simulation Technique

Simulation: Its Application

Simulation: Its Merits & Demerits (A) Merits
Let us Sum up

Keywords
Answers to ‘Check Your Progress’
Questions for Discussion

Suggested Readings

|[}NIT -1V

Aims and Objectives

Introduction

149
149
150
151
152
152
155
155
158
161
169
169
169
175
176

177
177

178
178

178
178

180

181
182

182
182
183
183

187

87
8.V. UNIVERSI

TIRUPATL



7.3.1 Recursive Approach 189

7.3.2 Solution of L.P.P By Dynamic Programming 190
7.4  Algorithm of DP 191
7.5 Letus Sumup 201
7.6 Keywords 201
7.7  Answers to ‘Check Your Progress’ 203
7.8 Questions for Discussion 205
7.9 Suggested Readings 206

Lesson 8

8.0 Aims and Objectives 207
8.1 Introduction 207
8.2 Definition, Application and Assumptions 208

8.2.1 Definition 208

8.2.2 Application areas 208

8.2.3 General Sequencing Problem 208

8.2.4 Assumptions of Sequencing Problem 209
8.3 Types of sequencing problems 209
8.4  Processing n jobs through 2 machines 210
8.5 njobs through 3 machines 214

8.5.1 CDS method 218
8.6 Two jobs through m machines 220
8.7 Letus Sumup 225
8.8 Keywords 225
8.9 Answers to ‘Check Your Progress’ 225
8.10 Questions for Discussion 230
8.11 Suggested Readings 231

Lesson 9

9.0 Aims and Objectives 233
9.1 Introduction 233
9.2 Network minimization 234
9.3  Shortest route problem 235

9.3.1 Minimal Spanning Tree Problem 236
9.4 Maximal-flow problem 237
9.5 PERT and CPM 238

9.6 PERT (Three Time Estjn

VRE 240
. 9.6.1 CPM Method g u : 41
SQ-—""“* 9.7 L ; { ‘
DIRECTOR . et us Sum up V. .
Centre for Distance and T Y E TR

e e Unaraty 8.V. UNIVERS|
RU ' TIRUPATL

TIRUPATI - 517 502.




9.8 Keywords 250

9.9  Answers to ‘Check Your Progress’ 251
9.10 Questions for Discussion 259
9.11 Suggested Readings 260
UNIT -V
10.0 Aims and Objectives 263
10.1 Introduction 263
10.2 Terminology 264
10.3 When Does a Queue Result? 264
10.4 The Elements of Queuing System 265
10.5 Costs Associated with Waiting Lines 267
10.6 Queue System : Salient Features 268
10.7 Queuing Models 272
10.8 Axioms of Poison Process 274
10.9 Operating Characteristics of Queue System 274
10.10 Model - I (M/M/1):( o0 /FIFO) 276
10.11 Model-IT (M/M/1):(N/FIFO) 281
10.12 Model-III (M/M/C):( o / FIFO) 283
10.13 Model-IV (M/M/C):(N/ FIFO) 287
10.14 Let us Sum up 291
10.15 Keywords 292
10.16 Answers to ‘Check Your Progress’ 292
10.17 Questions for Discussion 294
10.18 Suggested Readings 295

AN

] V. Universit, J;g TRAR

Centre for Distance and

Online Education (CDC+ ) Tirupati 8.V. UNIVERSI
Sri Venkateswara University TIRUPATL

TIRUPATI - 517 502.




Syllabus for T - MSc (Mathematics)
Paper V : OPERATION RESEARCH

UniT- 1

Linear Programming problem Mathematical formulation, assumptions in linear
programming, graphical method of solution, simplex method, Big-M method and Two
phase method, Dual simplex method.

Unit-2
Integer Programming Introduction, Gomory’s cutting plane method, Fractional cut
method-Mixed integer and branch and bound techniques.
Transportation Problem-General transportation problem, Finding an initial basic
feasible solution, Loops in transportation tables, Degeneracy, Optimality method-MODI
method.
Assignment Problem- Hungarian Method, Traveling salesman problem.

Unit-3
Game theory Introduction, two-person zero-sum games, some basic terms, the
maxmini-minimax principle, games without saddle points-Mixed Strategies, graphic
solution of 2 * n and m*2 games, dominance property.
Simulation Introduction, Definition of Monte-Carlo Simulation.

Unit-4
Dynamic Programming Introduction, The Recursive equation approach, Algorithm,
Solution of'a L.P.P by Dynamic Programming.
Sequencing Models-Processing n jobs through 2 machines, n jobs through 3 machines,
two jobs through m machines.

Networking Analysis CPM & PERT — Network minimization, shortest route problem,
maximal-flow problem, Project scheduling, critical path calculations, PERT calculation.
Unit-5
Queuing Theory Introduction, Queuing system, Elements of Queuing system,
Characteristics of Queuing system, Classification of Queuing Models, Poisson Queuing
systems-Model I (M/M/1): (« :FIFO)-Characteristics of Model I and waiting time
characteristics. Characteristics of (M/M/1):(N/FIFO), (M/M/C):(« /FIFIO), (M/M/

C):(N/FIFO)-all without derivation
Suggested Readings:
1. Operation Research by Kanti Swarup, P.KGuptha , Man Mohan 11™ edition
Sultan Chand & Sons Publication.
2. Operation Research , Jaico Publishing House
3. Operation Research-An introduction by Hamdy A Taha. Prentice Hall.
4. Introduction To Management Science, Anderson, Thomson Learning, 1 1Edn.
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CONTENTS

Page No.
Unit - I 1 - 28
1.1 Topological spaces
1.2 Elementary Concepts
1.3 Open bases and open sub-bases
1.4 Weak topologies
1.5 The function algebras (X, R) and (X, C)
1.6 Exercise
Unit - II 29 -176
2.1 Compactness
2.2 Product of spaces
2.3 Technoff’s theorem and locally compact spaces
2.4 Compactness of matric spaces
2.5 Ascolis theorem
2.6 Exercise
Unit - 11T 77 - 132

3.1 Separation
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Unit - IV
4.1 Banach spaces
4.2 Definition of Banach spaces
4.3  Continuous linear transformation
4.4 The Hahn-Banach Theorem
4.5 The natural imbedding of N inN"™
4.6 The open mapping Theorem
4.7 The conjugate of an operator
4.8 Exercise
Unit -V
5.1 Hilbert spaces
5.2 Definition and example
5.3 Orthogonal complements
5.4 Orthonormal set
5.5 The conjugate space H"
5.6 The Adjoint of an operator
5.7 Self-Adjoint Operators
5.8 Normal and Unitary Operators
5.9 Projections
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IT M.Sc(Mathematics)

Topology and Functional Analysis

Unit - 1

Topological Space definition of a Topological space, Elementrary Concepts, open
bases and open sub-bases, weak topologies. The function algebras (X,R) and (X,C)
(1 Question).

Unit - 2

Compactness, product of spaces, Technoft’s theorem and locally compact spaces,
compactness for the matric spcases, Ascolis theorem. (2 questions).

Unit - 3

Seperation, T-spaces and Hausdorff spaces completely regular and normal spaces,
Urysohn’s Lemma and Tietz extension theorem. The Urysohn’s embedding theorem.
Connectedness, connected spaces, components of a space. (2 questions)

Unit - 4

Banach Spaces, definition of Banach spaces, continuouas linear trasformation, The
Hahn —Banach theorem, the natural imbedding of N in N**, the open maping theorem,
the conjugate of an operator. (2 questions)

Unit - 5

Hilbert spaces, defintion and example, orthogonal complements, orthonrmal set, the
conjugate space H*, the adjoint of an operator, self-adjoint operators, normal and
unitary operators, projections. (3 questions)

Books recommended:

1. Topology and Modern Analysis by G.F.Simmons, Mc.Graw Hill Chapters
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II - M.Sc(Mathematics)

Discrete Mathematics

UNIT-I

Mathematical Logic: Statements and notation, connectives, Normal Forms, Disjunctive
Normal Forms [DNF], Conjunctive Normal Forms (CNF), Principal DNF, Principal CNF.

Set Theory : Basic Concepts of Set Theory, Relations and Ordering, Functions and
Recursion.

UNIT-II

Lattices, Boolean Algebra, Representation and minimization of Boolean functions. Semi-
groups, Product and Quotients of Semi-group, Groups, Product and Quotients of Groups,
Coding of Binary Information and Error Detection, Decoding and Error Correction.

UNIT-III

Combinatorics: Basics, Permutations and Combinations with repetitions and Constrained
Repetitions, Binomial and Multinomial Theorems, Principle of Inclusion and Exclusion.

UNIT-1V

Graph Theory -1 : Basic Concepts, Isomorphism, sub - graphs, trees and their Properties.,
Spanning Tree, Directed Trees, Binary Trees.

UNIT-V

Graph Theory - II : Planar Graphs, Eule Formula, Multi-graphs and Euler Circuit
Hamiltonian Circuit; Chromatic Numbers, Four Colour Problem.

Books recommended:

1. Jr. PTrembley and R. Manohar, “Discrete Mathematical structures with

applications to computer science”, Mc Graw Hill 1987.

2. S M Naidu & R Madan Mohan, “Discrete Mathematics for Computer Scientists”
StudentsHelpline Publishing House 2007.

3. Bernard Kolman, Nadeem Ur Rehaman “Discrete Mathematical Structures”

Pearson Education, 2005.

4. J.L.Moth, Abraham Kandel, and T.P.Parker, “Discrete Mathematics for
Computer Scientists and Mathematicians”, PHI, 1976.
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Input and Output
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11 - M.Sc(Mathematics)

Computer Algorithm and Problem Solving

Unit-1

Introduction to Algorithms: Algorithms representations through Flowcharts,
Mathematical Flowcharts, finding highestand lowest of given quantities, finding sum of
100 odd numbers, commerce related flowcharts like laying customs duty, finding Gross

Sales and discount, Calculations for salary of employees.
Unit 2

Array Algorithms: Concept of Array, Flowcharts and their’ Algorithms for
manipulation of arrays to transfer contents of one memory array to another, assigning
Constant value to the contents of an array, addition, subtraction, multiplication of arrays,

sorting and’ printing techniques through Algorithm.
Unit3

Decision Tables: Introduction to Decision making. Structure of Decision Tables

Algorithms for selection criteria’s - Drafting entries in the decision tables for the same.
Unit4

Introduction to Problem Solving: Components of Program, Constants, Variables,
Input and Output in Progress, Operators, Decision Making, Iteration, the concept of

Loop.
Unit 5

Arrays Revisited: Types of Arrays, Subroutine calls, top-down design, subroutines

and structured problem solving.

Books Recommended:

1.  Solving it by Computers - R.G. Dromey
2. Letus C: Yashwant Kanetkar

3. How to Solve it by Computer — S M Naidu
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