
Johannes Jahn

Introduction
to the Theory
of Nonlinear
Optimization
Second Revised Edition

With 30 Figures

Springer



Contents

Preface v

1 Introduction and Problem Formulation 1

2 Existence Theorems for Minimal Points 7
2.1 Problem Formulation 7
2.2 Existence Theorems . : 8
2.3 Set of Minimal Points 18
2.4 Application to Approximation Problems 19
2.5 Application to Optimal Control Problems 24
Exercises 30

3 Generalized Derivatives 33
3.1 Directional Derivative 33
3.2 Gateaux and Frechet Derivatives 39
3.3 Subdifferential 51
3.4 Quasidifferential 59
3.5 Clarke Derivative 69
Exercises ' 77

4 Tangent Cones 81
4.1 Definition and Properties 81
4.2 Optimality Conditions 91
4.3 A Lyusternik Theorem 98
Exercises 106

5 Generalized Lagrange Multiplier Rule 109
5.1 Problem Formulation 109



viii Contents

5.2 Necessary Optimality Conditions 112
5.3 Sufficient Optimality Conditions 130
5.4 Application to Optimal Control Problems 140
Exercises 159

6 Duality 163
6.1 Problem Formulation 163
6.2 Duality Theorems 168
6.3 Saddle Point Theorems 172
6.4 Linear Problems 176
6.5 Application to Approximation Problems 179
Exercises 188

7 Direct Treatment of Special Optimization Problems 191
7.1 Linear Quadratic Optimal Control Problems 191
7.2 Time Minimal Control Problems 199
Exercises 216

A Weak Convergence 219

B Reflexivity of Banach Spaces 221

C Hahn-Banach Theorem 223

D Partially Ordered Linear Spaces 227

Bibliography 231

Answers to the Exercises 247

Index 255


