
Studies in Computational Intelligence

Volume 797

Series editor

Janusz Kacprzyk, Polish Academy of Sciences, Warsaw, Poland
e-mail: kacprzyk@ibspan.waw.pl



The series “Studies in Computational Intelligence” (SCI) publishes new develop-
ments and advances in the various areas of computational intelligence—quickly and
with a high quality. The intent is to cover the theory, applications, and design
methods of computational intelligence, as embedded in the fields of engineering,
computer science, physics and life sciences, as well as the methodologies behind
them. The series contains monographs, lecture notes and edited volumes in
computational intelligence spanning the areas of neural networks, connectionist
systems, genetic algorithms, evolutionary computation, artificial intelligence,
cellular automata, self-organizing systems, soft computing, fuzzy systems, and
hybrid intelligent systems. Of particular value to both the contributors and the
readership are the short publication timeframe and the world-wide distribution,
which enable both wide and rapid dissemination of research output.

More information about this series at http://www.springer.com/series/7092

http://www.springer.com/series/7092


Andrzej Obuchowicz

Stable Mutations
for Evolutionary Algorithms

123



Andrzej Obuchowicz
Faculty of Computer Science, Electrical
and Control Engineering

Institute of Control and Computation
Engineering

University of Zielona Góra
Zielona Góra, Poland

ISSN 1860-949X ISSN 1860-9503 (electronic)
Studies in Computational Intelligence
ISBN 978-3-030-01547-3 ISBN 978-3-030-01548-0 (eBook)
https://doi.org/10.1007/978-3-030-01548-0

Library of Congress Control Number: 2018956278

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-01548-0


To my wife
Beata
and our children
Maria, Adam, and Tomasz



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Foundations of Evolutionary Algorithms . . . . . . . . . . . . . . . . . . . . . 9
2.1 Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2 Standard Evolutionary Algorithms . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.1 Genetic Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.2 Genetic Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.2.3 Evolutionary Programming . . . . . . . . . . . . . . . . . . . . . . . . 16
2.2.4 Evolutionary Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.2.5 Evolutionary Search with Soft Selection . . . . . . . . . . . . . . 19

2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3 Stable Distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.1 Stable Random Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.1.1 Definition of Stable Distributions . . . . . . . . . . . . . . . . . . . 23
3.1.2 Chosen Properties of Stable Distributions . . . . . . . . . . . . . 26
3.1.3 Simulation of a-Stable Random Variables . . . . . . . . . . . . . 28
3.1.4 Stable Random Variable and the Evolutionary

Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.2 Stable Random Vector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.2.1 Definition of the Stable Random Vector . . . . . . . . . . . . . . 33
3.2.2 Selected Properties of the Stable Random Vector . . . . . . . 34
3.2.3 Non-isotropic Stable Random Vector . . . . . . . . . . . . . . . . 36
3.2.4 Isotropic Distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.2.5 Isotropic Distribution Based on an a-Stable Generator . . . . 41
3.2.6 Isotropic Stable Random Vector . . . . . . . . . . . . . . . . . . . . 43

3.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

vii



4 Non-isotropic Stable Mutation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.1 Dead Surrounding Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.1.1 Dead Surrounding Versus Extremum Localization . . . . . . . 51
4.1.2 Saddle Crossing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
4.1.3 Optimization of Multimodal Functions . . . . . . . . . . . . . . . 60

4.2 Symmetry Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.2.1 Local Convergence of ð1þ 1ÞESN;a . . . . . . . . . . . . . . . . . 66
4.2.2 Saddle Crossing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4.2.3 Symmetry Effect Versus Global Extremum Searching . . . . 71

4.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5 Isotropic Stable Mutation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.1 Dead Surrounding Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.1.1 Probability Density Function of the Norm
of the Isotropic Stable Vector . . . . . . . . . . . . . . . . . . . . . . 77

5.1.2 Soft Selection Versus the Dead Surrounding . . . . . . . . . . . 80
5.2 Local Convergence Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.2.1 Progress Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.2.2 Convergence Analysis for n ¼ 3 . . . . . . . . . . . . . . . . . . . . 83

5.3 Exploration Versus Exploitation . . . . . . . . . . . . . . . . . . . . . . . . . 86
5.3.1 Local Convergence of the ð1þ 1ÞESI;a Strategy . . . . . . . . 86
5.3.2 Saddle Crossing: The ð1; 2ÞESI;a Strategy . . . . . . . . . . . . . 89
5.3.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

5.4 Robustness Analysis of Stable Mutation . . . . . . . . . . . . . . . . . . . . 91
5.4.1 General Searching Space . . . . . . . . . . . . . . . . . . . . . . . . . 92
5.4.2 Isotropic Stable Mutation Effectiveness in F . . . . . . . . . . 93
5.4.3 Simulation Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . 95

5.5 Adaptation of Stable Mutation Parameters . . . . . . . . . . . . . . . . . . 97
5.5.1 Adaptation Strategy for ð1þ 1ÞESI;a . . . . . . . . . . . . . . . . . 97

5.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6 Stable Mutation with the Discrete Spectral Measure . . . . . . . . . . . . 107
6.1 Stable Distributions with the DSM . . . . . . . . . . . . . . . . . . . . . . . 107
6.2 Selection of the Optimal Stable Distribution . . . . . . . . . . . . . . . . . 110
6.3 DSM Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

6.3.1 DSM Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
6.3.2 Simulation Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

6.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

viii Contents



7 Isotropic Mutation Based on an a-Stable Generator . . . . . . . . . . . . . 123
7.1 Dead Surrounding Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
7.2 Local Convergence Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

7.2.1 Local Convergence of the ð1þ 1ÞESS;a Strategies . . . . . . . 125
7.2.2 Local Convergence of the ð1þ kÞESS;a Strategies . . . . . . . 126

7.3 Exploitation and Exploration: ESTSS;a . . . . . . . . . . . . . . . . . . . . . 128
7.3.1 Precision of Local Extremum Localization . . . . . . . . . . . . 128
7.3.2 Saddle Crossing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
7.3.3 Exploitation Contra Exploration: The Pareto Front . . . . . . . 131

7.4 Global Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
7.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

8 Mutation Based on Directional Distributions . . . . . . . . . . . . . . . . . . 135
8.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
8.2 Directional Distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

8.2.1 Von Mises–Fisher Distributions . . . . . . . . . . . . . . . . . . . . 139
8.3 Simulation Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

8.3.1 Conducting the Experiment . . . . . . . . . . . . . . . . . . . . . . . 146
8.3.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

8.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

9 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Appendix A: Saddle Crossing Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

Appendix B: Benchmark Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

Contents ix



Abbreviations

DSM Discrete spectral measure
EP Evolutionary programming
EPN;a EP with mutation based on NSaSðrÞ distribution
EPI;a EP with mutation based on ISaSðrÞ distribution
EPS;a EP with mutation based on SaSUðrÞ distribution
ES Evolutionary strategy
ESSS Evolutionary search with soft selection
ESSSN;a ESSS with mutation based on NSaSðrÞ
ESSSI;a ESSS with mutation based on ISaSðrÞ
ESSSS;a ESSS with mutation based on SaSUðrÞ
ESSSa-DM ESSS with directional distribution Mðl; jÞ
ESTS Evolutionary search with tournament selection
ESTSN;a ESTS with mutation based on NSaSðrÞ
ESTSI;a ESTS with mutation based on ISaSðrÞ
ESTSS;a ESTS with mutation based on SaSUðrÞ
ESTSa-DM ESTS with directional distribution Mðl; jÞ
GA Genetic algorithm
GP Genetic programming
i.i.d. Independent and identical distribution
ðgþ kÞES ES with a succession of the best g individuals from joined base and

offspring populations
ðgþ kÞESN;a ðgþ kÞES with mutation based on NSaSðrÞ
ðgþ kÞESI;a ðgþ kÞES with mutation based on ISaSðrÞ
ðgþ kÞESS;a ðgþ kÞES with mutation based on SaSUðrÞ
ðg; kÞES ES with a succession of the best g individuals from k offspring
ðg; kÞESN;a ðg; kÞES with mutation based on NSaSðrÞ
ðg; kÞESI;a ðg; kÞES with mutation based on ISaSðrÞ
ðg; kÞESS;a ðg; kÞES with mutation based on SaSUðrÞ
SGA Simple GA

xi



Symbols

R Set of real numbers
G Genetic universe
D Phenotype universe
g Number of individuals in a population
PðtÞ Population in the t-th iteration
PgðGÞ Set of all possible populations, i.e., multisets of g elements

from G
atk k-th individual from the population PðtÞ
Uð�Þ Fitness function
A;B; . . .;X; Y ; Z Random variables

A¼d B Random variables A and B are of the same distribution

Xi:k i-th random variable of the ordered statistics of k variables
a Stability index (tail index)
b Skewness parameter
r Scale parameter
l Localization parameter
uð�Þ Characteristic function
pð�Þ Probability density function
Eð�Þ Expectation value
Varð�Þ Variance
Uða; bÞ Continuous uniform distribution on (a, b)
Nðl; r2Þ Normal (Gaussian) distribution
Cðl; rÞ Cauchy distribution
Levyðl; rÞ Lévy distribution
Saðr;b; lÞ a-stable distribution
SaSðrÞ Symmetric a-stable distribution
Cs Spectral measure
Nðl;CÞ Multidimensional elliptic Gaussian distribution
NSaSðrÞ Multidimensional non-isotropic symmetric a-stable distribution
ISaSðrÞ Multidimensional isotropic a-stable distribution

xiii



SaSUðrÞ Multidimensional isotropic distribution with an a-stable
generator

F General search space
MFðl; jÞ Von Mises–Fisher distribution
Mðl; jÞ Directional distribution

xiv Symbols


	Contents
	Abbreviations
	Symbols



