
A.S. Poznyak and K. Najim

Learning Automata and
Stochastic Optimization

Springer



Contents

0.1 Notations xi
0.2 Introduction 1

Stochastic Optimization 3
1.1 Introduction 3
1.2 Standard deterministic and stochastic nonlinear program-

ming problem 4
1.3 Standard stochastic programming problem 5
1.4 Randomized strategies and equivalent smoothed problems . 8
1.5 Caratheodory theorem and stochastic linear

problem on finite set 14
1.6 Conclusion 23

References 25

On Learning Automata 27
2.1 Introduction 27
2.2 Learning automaton 29
2.3 Environment 31
2.4 Reinforcement schemes 32
2-5 Hierarchical structure of learning automata 34
2.6 Normalization and projection 35

2.6.1 Normalization procedure 35
2.6.2 Projection algorithm 36

2.7 Conclusion 39

References 40

Unconstrained Optimization Problems 43
3.1 Introduction 43
3.2 Statement of the Stochastic Optimization

Problem 44
3.3 Learning Automata Design 46
3.4 Nonprojectional Reinforcement schemes 51

3.4.1 Bush-Mosteller reinforcement scheme 51
3.4.2 Shapiro-Narendra reinforcement scheme 57



viii Contents

3.4.3 Varshavskii-Vorontsova reinforcement scheme . . . . 63
3.5 Normalization Procedure and Optimization 69
3.6 Reinforcement Schemes with Normalized

Environment response 75
3.6.1 Bush-Mosteller reinforcement scheme with

normalization procedure 75
3.6.2 Shapiro-Narendra reinforcement scheme with normal-

ization procedure 80
3.6.3 Varshavskii-Vorontsova reinforcement scheme with nor-

malization procedure 85
3.7 Learning Stochastic Automaton with

Changing number of Actions 91
3.8 Simulation results 93

3.8.1 Learning automaton with fixed number of actions . . 94
3.8.2 Learning automaton with changing number of actions 97

3.9 Conclusion 104

References 105

4 Constrained Optimization Problems 107
4.1 Introduction . , 107
4.2 Constrained optimization problem 109

4.2.1 Problem formulation 109
4.2.2 Equivalent linear programming problem I l l

4.3 Lagrange multipliers using regularization approach 112
4.4 Optimization algorithm 118

4.4.1 Learning automata 119
4.4.2 Algorithm 120

4.5 Convergence and convergence rate analysis 123
4.6 Penalty function 131
4.7 Properties of the optimal solution 133
4.8 Optimization algorithm 139
4.9 Numerical examples 147

4.9.1 Lagrange multipliers approach 151
4.9.2 Penalty function approach 153

4.10 Conclusion 156

References 158

5 Optimization of Nonstationary Functions 161
5.1 Introduction 161
5.2 Optimization of Nonstationary Functions 162
5.3 Nonstationary learning systems 164
5.4 Learning Automata and Random

Environments 166



Contents ix

5.5 Problem statement 169
5.6 Some Properties of the Reinforcement

Schemes 170
5.7 Reinforcement Schemes with Normalization Procedure . . . 173

5.7.1 Bush-Mosteller reinforcement scheme . . 176
5.7.2 Shapiro-Narendra reinforcement scheme 179
5.7.3 Varshavskii-Vorontsova reinforcement scheme . . . . 182

5.8 Simulation results 185
5.9 Conclusion 187

References 189
Appendix A: Theorems and Lemmas 191
Appendix B: Stochastic Processes 200

Index 203


