Contents

I

General Introduction, Basic Concepts and Methodologies

Introduction

1.1
1.2

1.3

14
1.5

Transportation Problem (TP) in Operations Research . . . . . ... ... ...
Basic Concepts and Terminologies . . . . . . . .. ... .. L.
1.2.1 Different Environments . . . . . . ..o
1.2.2  Basic Concepts and Terminologies in Transportation . . . . . . . .. ..
Historical Review of Transportation Models . . . . . . ... ... .. ... ...
1.3.1 Historical Review of Crisp Transportation Problem . . . . . . .. . . ..
1.3.2 Historical Review of Fuzzy Transportation Problem . . ... .. .. ..
1.3.3 Historical Review of Type-2 Fuzzy Transportation Problem . . . .. ..
Motivation and Objective of the Thesis . . . . . . . . ... ... .. ... ...
Organization of the Thesis . . . . . . . . . .. ... .. ... .. ... ....

Mathematical Methods and Optimization Techniques

2.1

2.2
2.3

Preliminary . . . . . . Lo
2.1.1 Crisp Set Theory . . . . . . . . . .
2.1.2 Interval Number . . . . . . . . . .. ...
2.1.3 Fuzzy Set Theory . . . . . . . . . .
2.1.4  Overview of fuzzy inference process. . . . . . . . . . ... ... ...
2.1.5 Approximated Value of Triangular Fuzzy Number (TFN) . .. ... ..
2.1.6 Zadeh’s Extension Principle . . . . . . . . ... oo oL,
2.1.7 a-cut of Fuzzy Number . . . . . .. ... ... L
2.1.8 Defuzzification Methods . . . . . . . . . . . ... ..
2.1.9 Possibility / Necessity / Credibility in Fuzzy Environment . . . . . . . .
2.1.10 Rank of a fuzzy number . . . . . . ... o L
2.1.11 Type-2 fuzzy set (T2FS) . . . . . . . . oo oo
2.1.12 Critical values (CVs) for RVPs . . . . .. .. ... ... . ......
2.1.13 CV-based reduction method for type-2 ... . . . . . . .. ... ... ...
2.1.14 Nearest interval approximation of continuous type-2 fuzzy... . . . . . . .
Optimization . . . . . . . . . e
Single-Objective Optimization . . . . . . . . . . . . ..
2.3.1 Solution Techniques for Single-Objective Linear/ Non-Linear Problem in

Crisp Environment . . . . . . . . . ... L

11
13
13
15
20
20
21
22
23
26



CONTENTS

2.3.2  Generalized Reduced Gradient (GRG) Technique: . . . . ... ... .. 76
2.3.3  Genetic Algorithm(GA): . . . . . . ... Lo 79
2.3.4 Single-Objective Problem in Fuzzy Environment . . . . ... ... ... 84
2.3.5  Solution Techniques for Single Objective in Fuzzy Envi. . . .. ... .. 87
2.4  Multi-Objective Optimization . . . . . . . . . .. .. 88
2.4.1 Solution Techniques for Multi-Objective Linear/ Non-Linear Problem in
Crisp Environment . . . . . . . . ... 89
2.4.2  Multi-Objective Genetic Algorithm (MOGA) . . . ... ... ... ... 90
2.4.3  Fuzzy Multi-Objective Optimization Problem (FMOOP). . . . . . . .. 95
2.4.4 Intcractive Fuzzy Dcecision Making Mcthod . . . . . . . . .. .. .. .. 96
2.4.5 Implementation of MOGA with FMOOP . .. ... ... ........ 99
IT Transportation Models in Different Environment 105
3 A Profit Maximization Solid Transportation Problem 107
3.1 Introduction . . . . . . . . ... 107
3.2 Notations and Assumptions . . . . . . . . .. ... 109
3.2.1 Notations . . . . . . . . . e 109
3.2.2 Assumptions . . . . . . ... 109
3.3 Mathematical Formulation of a Solid Transportation Problem . . ... .. .. 111
3.4 Solution Procedures . . . .. . ... . .. ... ... e 114
3.4.1 Algorithm of Proposed Model . . . . . . .. ... ... ... ....... 114
3.5 Numecrical Illustration . . . . . . . . . . . . . . e 115
3.6 Discussion . . . . . . .. e e e e e e e e e 117
3.7 Conclusion . . . . . . . . . e e e 117
4 Two Staged Solid Transportation Problem . . . 119
4.1 Imtroduction . . . . . . . . . . L e 119
4.2 Notations and ASSumptions . . . . . . . . . . . e e e 121
4.2.1 Notations . . . . . . . . L 121
4.2.2 Assumptions . . . . .. ... 122
4.3 Mathematical Formulation of TSSTP . . . . . . . .. . ... ... ... ... . 123
4.3.1 Defuzzification Procedures . . . . . .. ... ... .. ... ... ... 125
4.4 Algorithm of Proposed Model . . . . . . . . . .. ... 126
4.5 Numerical ustration . . . . . . . . .. .. 126
4.5.1 Special Case: Model with single conveyance: Two Stage Transportation
Problem(TSTP) . . . . . . . . 128
4.6 Sensitivity Analysis . . . . . . . ... 129
4.7 Discussion . . . . . ... e e e e e e e 130
4.8 Conclusion . . . . . . . . e e e 130

il



CONTENTS

5

8

Solving a fuzzy STP with fuzzy ranking 131
5.1 Introduction . . . . . . . . . . .. e 131
5.2 Notations . . . . . . . . e e e 133
5.2.1 Notations . . . . . . . . . . e e e 133
5.3 Formulation of Fuzzy Solid Transportation Problem(FSTP) . . . .. ... ... 133
5.4 Algorithm for Proposed Method . . . . . .. .. ... ... ... .. ...... 134
5.5 Numerical Hlustration . . . . . . . ... ... o 135
5.6 Sensitivity Analysis . . . . . . .. 138
5.6.1 Effect of change in the components of sources, destinations and conveyances139
5.7 Conclusion . . . . . . . . . e e e 140
GA approach of a STP based on Fuzzy Logic 141
6.1 Introduction . . . . . . . . . . . e e 141
6.2 Notations and Assumptions . . . . . . . . . . ... 143
6.2.1 Notations . . . . . . . . . e 143
6.2.2 Assumptions . . . . . . ... 143
6.3 Mathematical Formulation of the Solid Transportation Problem . . . . .. .. 144
6.4 Numerical Illustration . . . . . . . . .. . . ... . ... ... 146
6.5 Conclusion . . . . . . . L 149
A STP with Entropy Using Fuzzy Logic & GA 151
7.1 Introduction . . . . . . . . . . . e e 151
7.2 Notations and Assumptions . . . . . . . . . . . L 153
7.2.1 Notations . . . . . . . . . .. 153
7.2.2 Assumptions . . . ... .. e 153
7.3  Mathematical Formulation of Multi Item Solid Transportation Problem (MISTP)154
7.3.1 MISTP with entropy . . . . . . . . . . . 156
7.4 Numerical Ilustration . . . . . . . . . . . ... 158
7.5 Conclusion . . . . . . . e 161
A STP with non-linear transportation cost 163
8.1 Introduction . . . . . . . . . . .. 163
8.2 Notations and Assumptions . . . . . . . . . v v i e e 165
8.2.1 Notations . . . . . . . . . . e e 165
8.2.2 Assumptions . . . . . . ... 166
8.3 Mathematical Formulation of Non-linear Solid Transportation Problem (NLSTP) 166
8.4 Solution procedure . . . . . . . . . . .. e e e e 167
8.4.1 Chance constrained programming using gencralized credibility . . . . . 167
8.4.2 Crisp equivalences . . . . . . . . . .. 168
8.4.3 Using nearest interval approximation . . . . . . . . .. ... .. ... .. 170
8.5 Numerical Hlustration . . . . . . . .. .. ... 172
8.5.1 [Ilustration of discrete type-2 fuzzy problem . . . . . . . ... ... ... 173
8.5.2 Tllustration of continuous type-2 fuzzy problem . . . ... ... ... .. 175
8.6 Conclusion . . . . . . . . . e 177

iii



CONTENTS

9 A Multi-Objective Solid Transportation Problem . . .

9.1 Introduction. . . . . . . . . . .. . . ..
9.2 Notations and Assumptions . . . . . . . . .. ... .. ... ...
9.2.1 Notations . . . . . . . . . ... e
9.2.2 Assumptions . . . . ... ..

9.3 Mathematical Formulation of Fuzzy Solid Transportation Problem

9.4 Two Level Fuzzy Mathematical Programming . . . . . . .. .. ...
9.5 Numerical Illustration . . . . . . . .. . . .. ... . ... ......
9.6 Discussion . . . . . . .. e e e
9.7 Conclusion . . . . . . . . . e

ITT Summary and Extension

10 Summary and future research work

IV Bibliography

11 Bibliography

199

201

205

207



