Contents

List of Figures xi
List of Tables xiii
List of Symbols xvi
List of Abbreviations xviii
Preface xxii
1 Introduction 1
1.1 Interval analysis . . . . . . . . .. ... 3

1.2 Interval-valued functions . . . . . . . ... ... ... ... ... . ... 3
1.3 Interval optimization problems . . . . . . . . .. .. ... 4
1.4 Set-valued optimization . . . . . . .. .. ... Lo 5t

1.5 Set-valued functions . . . . . . .. ... 6
1.6 Set optimization problem . . . . . . . . . ... oo 6
1.7 Literature survey . . . . . . . . . ..o 7
1.7.1 Literature on interval analysis . . . . . .. .. .. .. ... ... 8

1.7.2  Literature on calculus of interval-valued functions . . . . . . .. 9

1.7.3 Literature on interval optimization problems . . . . . . . . . .. 10

1.7.4  Literature on set-valued optimization . . . . . . ... ... ... 12

1.7.5 Literature on methods for set optimization problems . . . . .. 13

1.8 Preliminaries . . . . . . . . . ... 14
1.8.1 Fundamental operations on intervals . . . . ... .. ... ... 14

1.8.2 Calculusof IVFs . . . . . ... .. 16

1.8.3 Results from convex analysis . . . . . . .. .. ... ... .... 24

1.9 Objective of the thesis . . . . . . .. .. ... ... ... . ... 29

1.10 Organization of the thesis . . . . . . .. .. .. ... .. ... .... 30



viii Contents

2 Weak sharp minima for interval-valued functions and its primal-dual

characterizations using generalized Hukuhara subdifferentiability 33
2.1 Introduction . . . . . . .. 33
2.2 Motivation . . . . . ... 34
2.3 Contributions . . . . . ... 34
2.4 Support function in I(R)™ . . . ... 35
2.5 gH-subdifferentiability of IVFs . . . . . ... ... o0 40
2.6 Weak sharp minima and its characterizations . . . . . . . . .. .. ... 51
2.7 Applications of WSM . . . . . . . ... 60

2.7.1 Application 1 . . . . .. .. 60

2.7.2 Application 2 . . . ... 63
2.8 Conclusion . . . . . . .. 66

3 Epsilon-subdifferentiability for interval-valued functions and its application

in interval optimization problems 69
3.1 Introduction . . . . . . . ... . 69
3.2 Motivation . . . . . . ... 70
3.3 Contributions . . . . . . . ... 71
3.4  gHcsubdifferentiability and its properties. . . . . . . .. ... ... .. 71
3.5 Application to nonsmooth interval optimization . . . . ... ... ... 92
3.6 Conclusion . . . . . . . . . e 97

4 Nonlinear conjugate gradient methods for unconstrained set optimization

problems whose objective functions have finite cardinality 99
4.1 Introduction . . . . . . . . ... 99
4.2 Motivation . . . . ..o 100
4.3 Contributions . . . . . . . . ... 101
4.4 Optimality conditions . . . . . . . . . . ... 101
4.5 Nonlinear conjugate gradient method and its convergence . . . . . . . . 106

4.5.1 Convergence analysis . . . . . . .. . ... ... .. 109

4.5.2 Fletcher-Reeves method . . . . . .. ... .. ... ... .... 124

4.5.3 Conjugate descent method . . . . . . . ... .. ... ... ... 127
4.6 Numerical results . . . . .. ... o 129

4.7 Conclusion . . . . . . . s, 142



Contents ix

5 A projected gradient method for constrained set optimization problems

with set-valued mappings of finite cardinality 145
5.1 Introduction . . . . . . . . . ... 145

5.2 Motivation . . . . . . . ... e e 146
5.3 Contributions . . . . . . . ... 146
5.4 Optimality conditions . . . . . . . . . . .. ... 147
5.5 Projected gradient method and its convergence . . . . . . . .. ... .. 152
5.5.1 Convergence analysis . . . . . . . .. . ... L. 155

5.6 Numerical results . . . . . . . . . ... 168
5.7 Conclusion . . . . . . . 181

6 Conclusion and future directions 185
6.1 General conclusion . . . . . ... ... L 185
6.2 Contributions of the thesis . . . . . . . . . ... .. ... ... ..... 186
6.3 Future scope of studies . . . . . .. .. ..o 188

A Appendix A 191
A.1 Proofof Lemma 1.2 . . . . . . . . . . ... ... ... 191
A2 Proofof Lemma 1.6 . . . . . . . . . . .. ... ... ... 192
A.3 Proof of Lemma 1.7 . . . . . . . . . ... ... 196
A4 Proofof Lemma 1.8 . . . . . . . . . . .. ... 197

References 199



