Contents

Editor’s Preface . 3
Preface to the first edltxon

Preface to the HEnglish edition .

Preface to the second English edition

CHAPTER 1
Fundamentals of funetional analysis

§ 1. Convexity in topological linear spaces
1.1. Classes of topological linear spaces . . . .
12 Convex sets . . . .
1.3. Separation of eonvex sets . . ... ...
1.4. Clogedness of the sum of two sets . . . . .

§ 2. Duality in linear normed spaces
2.1. The dual systems of linear spaces . . . .
2.2. Weak topologies on linear normed spaces
2.3. Reflexive Banach spaces . . . . . . .

2.4, Duality mapping . . . . . . . . .

§ 3. Vector-valued functions and distributions
3.1. The Bochner integral . . . . . e
3.2. Bounded variation vector hlllCthIlb .

ix
x iii

xvii

B =t
[T e ol

.32
. 38
. 41

.49
51

3.3. Vector measures and distributions on real mtervah 53

3.4. Sobolev spaces . . . . . . . . . o .

. 63

§ 4. Maximal monotone operators and erolution systems in

Banach spaces
Pefinitions and fundamental results . . .

4.2. Linear evolution equations in Banach spaces

. 63
.12



vi CONTENTS

CHAPTER 2

Convex funetions

§ 1. General properties of convex functions
1.1. Definitions and basic properties .
1.2. Lower-semicontinuous functions .
1.3. Lower-semicontinuous convex functlons
1.4. Conjugate functions

. The subdifferential of « convex function
Definition and fundamental results

. Regularization of the convex funection .
- Perburbation of eyclically monotone operators
and subdifferential caleulus ..

RO B0 RO 1O D
#wms_—‘

Variational inequalities .
. Further extensions of the concept of Gradlent .

1910
o St

§ 3. Concave-convex functions
3.1. Saddle points and minimax equality .
3.2. Saddle functions . e
3.3. Minimax theorems

Bibliographical notes .

CHAPTER 3

Convex programming

§

Optimality conditions
. The case of a finite number of constraints

1.
1.
1.2. Operatorial convex constraints
1.

ww;—-

differentiability
§ 2. Duality in convex pmqmmmmg
2.1. Dual problems . . .
2.2. Fenchel duality theorem ..
2.3. Optimality through closedness .
2.4. Examples .. ...

. Further properties of subdifferential m&pping.s

. Non-linear programming in the ease “of Fréchet-

101
108
120

124
132
142

14H
147
159

169

171
178

185

196
203
209
218



§

CONTENTS

3. Applications of the duality theory
3.1. Linear programming .
3.2. The best approximation problem

Bibliographical notes

CHAPTER 4
Convex control problems in Banach spaees

§ 1. Distributed control convex problems

$

eon

. Formulation of the problem and basic assumptions
. Existence of optimal ares . .

. The maximum principle

. Proof of Theorem 1.1.

. Proof of Theorem 1.2. . .

. Further remarks on opmmahtv themexm .

. The dual control problem .

. Some examples .

OC\'ICDvleOO[\’J—‘

1.
1.
1.
1.
1.
1.
1.
1.
2.

Synthesis of optimal control

2.1. Optimal value function and existence of optimal
synthesis . ..

2.2. Hamilton-Jacobi equatlons

3. Convex control problems with infinite time horizon
3.1. Formulation of the problem. Existence .
3 2 Optimal feedback controls
The Hamiltonian conditions for optnna,htv
3..4. The linear quadratic regulator problem .

4. Boundary conirol problems with conver cost criteria
4.1. Boundary control systems

4.2. Formulation of the problem and "the ‘main result
4.3. Proof of the main result .

Bibliographical notes .
Bibliography .
Symbols used .
Subject index

vil

230
235
242

247
254
258
262
280
284
290
296

313
319

335
33H
339
345
353

357
362
366
371
37H
393
395



