Contents

Foreword ix
Preface xi
Preface to the Second Edition xiii
Notation and Conventions xv
1 Elements of Nonlinear Functional Analysis 1
1.1 Imequalities . . ... ... .. .. . .. ... ... 2
1.2 Basic Compactness Results . . . . .. ... ... ... .......... 3
1.3 Compactness in Some Function Spaces . . . .. ... ... ... .... 7
14 Semi-inner Products . . . ... ... ... ... ... .. ... ..... 10
1.5 Accretive Operators. . . . . .. . .. .. . e 15
1.6 Subdifferentials . . . ... ... ... ... L 20
1.7 Evolutions Governed by Accretive Operators . . . . . .. .. ... ... 22
1.8 Nonlinear Semigroups . . . . . . . .. .. ... 0o oo 28
1.9 Existence of Strong Solutions . . . . ... ... ... .. ... ... 30
1.10 Generalized Gradients . . . ... ... ... ... ... .. ... ... 32
2 Fundamental Compactness Results 33
2.1 How S5(t) and J, Behave for Small ¢ and A. Brezis’ Theorem . . . . .. 33
2.2 Compact Semigroups . . . . . . . ... 36
2.3 Compact Subsets of Solutions in C([a,b];X) . . ... ... ... .. .. 44
2.4 The Compact Resolvent Case . . ... ... ... ... ......... 52
2.5 The Equicontinuous Semigroup Case . . .. .. ... ... ... .... 57
2.6 Compact Subsets of Solutions in LP([a,b]; X) . ... . ... ... ... 65
2.7 The Nonlinear Diffusion Equation . . . . . . ... ... ... .. .. .. 70
2.8 Applications to the Pseudo-Laplace Operator . . ... ... ... ... 75
2.9 Applications to Optimal Control Theory . . .. ... . ... ... ... 78
3 Nonlinear Perturbations of Accretive Operators 85
3.1 Preliminaries on Multivalued Mappings . . . . . ... ... ... ... 85
3.2 Continuation of the Solutions . . . . ... ... ... .......... 91
3.3 Multivalued Perturbations . . . . .. ... ... ... ... ... 98
3.4 Applications to Reaction-Diffusion Systems . . . . .. .. .. ... ... 106

vil



viii CONTENTS
3.5 Applications to Closed Loop Systems . . . . ... ............ 114
3.6 Compact Perturbations . . . ... ......... ... .. ... .. ... 118
3.7 Applications to the Nonlinear Wave Equation . . ... ......... 125
3.8 Single-Valued Perturbations . . . . ... .... ... ... .. ... .. 131
3.9 The Nonlinear Perturbed Diffusion Equation . . . . . ... ... .. .. 137
3.10 PDEs Governed by the p-Laplace Operator . . . . ... ... ... ... 140

4 Demiclosed Perturbations of Subdifferentials 145
4.1 Statement of the Problem . .. ... ......... . . . ... . . .. 145
4.2 The Smooth Initial Datum Case . . . . ... ....... ... ... .. 147
4.3 The Nonsmooth Initial Datum Case . . . . ... ... ... ... . ... 152
4.4 Nonlinear Interpolation Classes . . ... .. .. .. ... ... .. ... 157
4.5 Quasi-Autonomous Equations . . . . ... ... .. ... ... .. .. 165
4.6 The Intermediate Initial Datum Case . . . . .. ... ... .. ... .. 168
4.7 Continuation of the Solutions . . . ... ... ... . ... . .. ... 172
4.8 The Caseof Small Data . . ........... .. ... .. .. _ ... 176
4.9 A Class of Nonlinear Parabolic Equations . . . . ... .......... 181
4.10 Applications to the Navier-Stokes Equations . . ... ... ....... 189

5 Functional and Integrodifferential Equations 195
9.1 = A Class of Volterra Integrodifferential Equations . . . . . . .. ... .. 195
5.2 The A-Demiclosed Integrand Case . . . . .. .. .. ... ... .. .. 200
5.3 A Class of Functional Differential Equations . . ... ... . ... ... 208
5.4 Heat Conduction in Materials with Memory . .............. 213
9.5 The Vibrations of a String with Memory . ... ............. 218

Bibliographical Notes, Comments and Open Problems 221

References 229

Index 240



