Wl— . - v ¥
R ———

e . . i-:
T W
o

Iracts in Operations Research

Operations

KANTI SWARUP / /]
K. GUPTA /
\N ) HAN/

Scanned by TapScanner




0.

!'_ﬁ ‘h

o %o 3 9

10.
11.
12.
13.
14.
15,
16.
17.
18.
19.
20.
21.
22.
i3,
4.
28.
26.
i1,
28.

3"4 @a«taa

PREREQUISITE

OPERATIONS RESEARCH-—AN OVERVIEW
LINEAR PROGRAMMING PROBLEM :
Mathematical Formulation

LINEAR PROGRAMMING PROBLEM :
Graphical Solution

LINEAR PROGRAMMING : SIMPLEX METHOD
DUALITY IN LINEAR PROGRAMMING

POST-OPTIMAL ANALYSIS
INTEGER PROGRAMMING

GOAL PROGRAMMING
ADVANCED LINEAR PROGRAMMING TECHNIQUES

TRANSPORTATION PROBLEM

ASSIGNMENT PROBLEM
SEQUENCING PROBLEM
DYNAMIC PROGRAMMING

PROBABILITY
MARKOV ANALYSIS
DECISION ANALYSIS

GAMES AND STRATEGIES
REPLACEMENT PROBLEM & SYSTEM RELIABILITY

INVENTORY CONTROL

QUEUEING TH EORY

NETWORK SCHEDULING BY PERT/CPM
RESOURCE ANALYSIS IN NETWORK SCHEDULING

SIMULATION

NON-LINEAR PROGRAMMING
NON-LINEAR PROGRAMMING METHODS
GEOMETRIC PROGRAMMING
INFORMATION THEORY

SOME CASES IN O.R.

APPENDIX

INDEX

Scanned by TapScanﬁér

Page

21
29

43

57
85
01
15
29
141
161
97
219
235
255
271
283
301
329
353
403
447
469
491
523
541
561
573
599
615
659

P
il



g
%

SRR

® 3w

: 9.
. 10.

&

: 14.

e~ = I B R R )

* 3.

@ 4§
' 33

=139,
- 16.

Matrices
:ons on Matrices

Matrix Multiplication
partitioned Matrices
Determinant of a Square Matrix
Inverse of a Square Matrix
Rank of a Matrix

Solution of Linear Equations

Vectors

Vector Inequalities

Linear Combination of Vectors
Hyperplanes and Hyperspheres

Convex Sets and their Properties
Supporting and Separating Hyperplanes
Convex Functions

Local and Global Extrema

Quadratic Forms

Review Questions

Chapter 1. OPERATIONS RESEARCH—AN OVERVIEW

1
1
|
l:
1
]
]
]

- AV

Origin and Development of O.R.

Nature and Features of O.R.

Modelling in Operations Research

General Solution Methods for O.R. Models
Scientific Method in O.R.

Methodology of Operations Research
Applications of O.R.
Opportunities and Shortcomin

Review Questions

gs of Operations Research

Chapter 2. LINEAR PROGRAMMING PROBLEM :

2<%,
212

# . m
g4 ':- I:__.r “a % st ' ;
|
&1 . # ¥ T
4 "I|r mlqr'.-._-! 7
s Y : peath g

Mathematical Formulation

Introduction
Mathematical Formulation of the Problem

Review Questions
PBQGRAMMING PROBLEM :

21-28

21
21
22
24
25
25
26
27
28

29 - 42

29
29
41

43 - 56

T i
= m T

¥ e =
- " LE
T 1 0

A WA

i r - N

h -‘l...'l - 3 |‘ .I...
1 ., L
" L ',151- 5 ; ’
'- - _‘ i

Sl
lT'-._-'.
o
.""-!

43
43
49
51

e -:i

Scanned by TapScn

¥,

e



{ix )

ghts nto the Simplex Method

s1

3:6. Lﬂewvw Questions »
Chapter 4- LINEAR PROGRAMMING : SIMPLEX METHOD 5%
gl Introduction | | 57 -84
4 il Fundanwntal Propertics of Solutions 57
4 : 3. The Computational f’mccdure 59
4 4 Use of Artificial Vanables | | 66
4 : 5. Solution of Simultaneous Linear Equations 71
4 : 6. Inverting a Matrix Using Simplex Method 77
4 7. Applications of Simplex Method 7%
| Review Questions :*::
Chapter 5. DUALITY IN LINEAR PROGRAMMING 85 - 100
5: 1. [ntroduction | y
82 & General Primal-Dual Pair s
-3, Formulating a Dual Problem 6
5:4. Primal-Dual Pair in Matrix Form ”
5:5. Duality Theorems 8
§:6. Complementary Slackness Theorem 91
5.7.  Duality and Simplex Method 92
5.8 Economic Interpretation of Duality 96
5:9.  Dual Simplex Method 97
Review Questions 99

Chapter 6. POST-OPTIMAL ANALYSIS 101 - 114
6:1. Introduction 101
6:2. Variation in the Cost Vector 101
6:3.  Varation in the Requirement Vector 103
6:4. Varation in the Coefficient Matrix 106
6:5. Structural Vanations 110
Review Questions 114

Chapter 7. INTEGER PROGRAMMING 115-127
7:1. Introduction 115
7:2. Gomory’s All-1.P.P. Method 115
7:3.  Construction of Gomory’s Constraints 115
7:4.  Fractional Cut Method—All Integer 116
7:5.  Fractional Cut Method—Mixed Integer 19
7:6.  Branch-and-Bound Method o
7:7.  Applications of Integer Programming 124
Review Questions 127
Chapter 8. GOAL PROGRAMMING 129 - 140
p: L Introduction 129
8:2. Formulation of Linear Goal Programming Problem o
8:3 Graphical Goal Attai ; . 132
§:4 piical Lioa ainment Method 136
%, implex Method for Goal Programming Problem 140

Review (Juestions

Scanned by TapSca

nner




Chapter 9. ADVANCED LINEAR PROGRAMMING TECHNIQUES

O O O O O O L

= b < o 8 s

( x)

[ntroduction
Revised Simplex Method

Bounded Variables

Parametric Linear Programming

Linear Fractional Programming

Application of Linear Fractional Programming
Karmarkar Algorithm

Review Questions

Chapter 10. TRANSPORTATION PROBLEM

10

10 :
10:
10:
10 :
LB
10 :
10 :
10 :
10 :
10 :
10 :
10 :
10 :
10 :

. 1. Introduction
General Transportation Problem
The Transportation Table
Duality in Transportation Problem
Loops in Transportation Tables
LP Formulation of the Transportation Problem
Solution of a Transportation Problem
Finding an Initial Basic Feasible Solution
9. Test for Optimality
10. Degeneracy in Transportation Problem
11. Transportation Algonthm (MODI Method)
12. Stepping Stone Solution Method
13. Some Exceptional Cases
14. Time-minimization Transportation Problem
15. Transhipment Problems

Review Questions

®° N LR W

Chapter 11. ASSIGNMENT PROBLEM

11 :1. Introduction

11:
I1:
11
11
11:

2. Mathematical Formulation of the Problem
3. The Assignment Method
4. Special Cases in Assignment Problems
5. A Typical Assignment Problem
6. The Travelling Salesman Problem
Review Questions

Chapter 12. SEQUENCING PROBLEM

12
i

1253

12
}d:
}d ¢

il ’

I.
2
3
:4.  Processing n Jobs through Two Machines
S
6
7

Introduction
Problem of Sequencing
Basic Terms Used in Sequencing

Processing n Jobs through & Machines
Processing 2 Jobs through & Machines
Maintenance Crew Scheduling
Review Questions

Chapter 13. DYNAMIC PROGRAMMING
13: 1. Introduction

161 - 19¢

161
62
163
163
164
164
65
70
171
171
75
182
92

96

197 - 218

197
197
199
207

34

rd

219 -

_——

n O O O O

~ N MR NN N BN
ed LWl L o b - .
a O

4
h
b

23S -

-
Lad
L

T

R—
Scanned by TapScanner



s L,

~N O R W

t 22

The Recursive Equation Approach
Charactenistics of Dynamic Programming
Dynamic Programming Algonthm

Solution of Discrete D.P.P.

Some Applications

Solution of L. P.P. by Dynamic Programming
Review Questions

Chapter 14. PROBABILITY

4:
4:
4:
14 :
14 :
14:
14 :
14 :
14 :

R

© % 0o B W

Introducticn

Uncertainty and Probability
Sample Space and Probability
Algebra of Events

Conditional Probability

Random Vanables

Expectation of a Random Vanable
Centra! Tendency and Dispersion
Some Probability Distributions

Review Questions

Chapter 15. MARKOYV ANALYSIS

15
15 :
5:
. 15
o 2
IS
=5
15

X NN bhwN

l.

Introduction
Markov Processes
State Transition Matrix

Transition Diagram
Construction of a State-transition Matrix

n-Step Transition Probabilities

Steady State (Equilibrium) Conditions
Markov Analysis Algorithm

Review Questions

Chapter 16. DECISION ANALYSIS

16: L.
16 : 2.
16: 3.
16: 4.
16 : 5.
16 : 6.
16 : 7.
16 : 8.

Introduction
Decision-making Problem

Decision-making Process
Decision-making Environment
Decisions Under Uncertainty
Decisions Under Risk
Decision-Tree Analysis
Decision-making With Utilities
Review Questions

Chapter 17. GAMES AND STRATEGIES

5

R e
MOAWmaWN

e,

Introduction

Two-Person Zero-Sum Games

Some Basic Terms

The Maximin-Minimax Principle

Games Without Saddle Points—Mixed Strategies
Graphic Solution of 2 x n and m x 2 Games
Dominance Property

-

2318
236
237
241
245
252
253

255-270

255
255
256
257
258
259
262
262
264
270

271 - 282

271
271
272
272
272
275
275
273
282

283 - 300

283
283
284
284
284
289
295
299
300

301 - 327

301
301
301
302
307
310
314

Scanned by TapScanner



{ait )

178 Arithmetio Method for a « # Cames

17:9.  CGenera Solution of m = # Rectangular Cames
17110, Clame against Passivity
mummnmwm

Chapter 18, REPLACEMENT PROBLEM & SYSTEM RELIARILITY

| R 12, Replacement of Equipment/Asse! that Deteriorates Cradually
t of Equipment that Fails Suddenly

18:3. R

18 : 4. Recruitment and Promotion Problem
18: 5. Equipment Renewal Problem

18 : 6. Reliability and System Failure Rates

Review Questions
Chapter 19. INVENTORY CONTROL,
19 : 1. Introduction

19 : 2. The Inventory Decisions
19:3. Costs Assocrated with [nventories
19 4. Factors Affecting Inventory Control
19:5. Economic Order Quantity (EOQ)
19 : 6. Deterministic Inventory Problems with No Shortages
{9 : 7. Deterministic [nventory Problem with Shortages
19 : 8. EOQ Problems with Price Breaks
19:9, Multi-Item Deterministic Problems 176
19 : 10. Inventory Problems with Uncertain Demand 18,
19 : 11. Systems of Inventory Control 183
19 : 12. Probabilistic Inventory Problems 18K
19 : 13. Selective Inventory Control Techniques 196
19 : 14. Dynamic Programming and Inventory Control 400
Review Questions 401
Chapter 20. QUEUEING THEORY 403 - 446
20: 1. Introduction 403
20 : 2. Queueing System 403
20 : 3. Elements of a Queueing System 403
20:4. Operating Characteristics of Queueing System 405
20:5. Probability Distributions in Queueing Systems 405
20:6. Classification of Queueing Models 409
20:7. Definition of Transient and Steady States 409
20:8. Poisson Queueing Systems S 409
~ 20:9. Non-Poisson Queueing Systems ok 434
443

Scanned by TapScanner



T Sded

21 -3 Logwcal Sequencing -
11 -4 Rules of Network Construction =
21§ Crncal Path Analyas P
21 .6  Probabihty Conuderations mn PERT 40
21 -7 Dhestinktion between PERT and ¢ PAL e
Review g,:’hf;fusﬂi “s
Chapter 21. RESOURCE ANALYSIS IN NETWORK SCHEDULING 469 - 490
22 1 Imtroduction o
32 2 Project Cost e
223 Tume-Cost Optimization Algonthm 470
22 4 Linear Programming Formulanon 477
2.5 Updating 477
22 .6 Resource Allocation and Scheduling 480
72:7. MOST 486
2:8 GERT 487
22 :9  Precedence Planning 488
2:10. LOB 489
Review Questions 489
Chapter 23. SIMULATION 491 - 522
23 - 1. Introduction 491
23 - 2. Why Simulation ? 491
21 - 3.  Methodology of Simulation 492
73 -4 Simulation Models 492
23 -5. Event-Type Simulation : 492
23 : 6. Generation of Random Numbers 494
73 : 7. Monte-Carlo Simulaton 496
23 -8 Simulation of Inventory Problems 497
73 - 6. Simulation of a Queueing System 503
23 - 10. Simulation of Maintenance Problems 510
23 - {1. Simulation in Investment and Budgeting z:z
73 - 12. Simulation of Job Sequencing s
23 - 13. Simulanon of Networks | | e
23 - 14. Advantages and Limitanions of Simulation e
Review {uestions
Chapter 24. NON-LINEAR PROGRAMMING 5§23 - :;z
24 : 1. Introduction
24 - 2. Formulating a Non-Linear Programming Problem (NLPP) gg;
24 -3 General Non-Linear Programming Pmbleﬂm —
24 -4 Constrained Optimization with Equality Constraints —
24:5  Constrained Optimization with Inequality Constraints s
24 : 6. Saddle Point Problems i
24 : 7. Saddle Points and NLPP 540
Review Questions
| [ THODS 541 - 560
Chapter 25. NON-LINEAR PROGRAMMING ME .
25: 1. Introduction 541
25:2  Graphical Solution 544

25 -3. Kuhn-Tucker Conditions with Non-Negative Constraints

_ P
Scanned by TapScanner



{ 327 )

Quadratc Programminig

28 : 4

-5 Wolfe's Modified Simplex Method
25 - 6. Beale's Method

25 -7 Separabic Convex Programmung
25 -8 Separabie Programming Algonthm

Review (uesons
Chapter 16. GEOMETRIC PROGRAMMING

Introduction
Geometric-Anthmetic Mean Inequality
2

] ' Seor : ming Problem
26 Unconstrained Geometn¢ Programming

26 1
3', .

26 - 4. Constrained Geometne Programming Probiem
3
6

26 :

26 : Complementary Geometnc IPrOgnmmmg
26: Complementary G.P. Algonthm
Review Questions

Chapter 27. INFORMATION THEORY

27:1. Introduction

27-2. A Measure of Information

77 - 3. Entropy— The Expected Information
27 -4 Entropy as a Measure of Uncertainty
27-5. Some Properues of Entropy Function
27 : 6. The Communication System

27 : 7. Channel Probabilities

27 : 8. Joint and Conditional Entropies

27 - 9. Mutual Information

27 : 10. Encoding

27 : 11. Concluding Remark

Review Questions

Chapter 28. SOME CASES IN O.R.

28 : 1. Cases in Linear Programming

28 : 2. A Case in Goal Programming

28 : 3. A Case in Transporation

28:4 A Case in Game Theory

28 : 5. A Case in Dynamic Programming

28 : 6. A Case in Decision Analysis

28 : 7. A Case in Queueing Theory

28 : 8. Cases in Network Scheduling (PERT/COST)

28 : 9. Cases in Inventory Control
28 : 10. A Case in Replacement
28 : 11. A Case in Management Science Application

APPENDIX
A Select References
B. Answers 1o Select Problems
C. Stanistical Tables
Index

N

-

ol

‘

o O O :
.“'.::E%%%g'd

2 LEe
C ‘A O

Scanned by TapScanner



