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Preface

Memetic Algorithms (MAs) are computational intelligence structures combining
multiple and various operators in order to address optimization problems. The di-
versity in the operator selection is at the basis of MA success and their capability
of facing complex problems. Besides the details correlated to specific implementa-
tions, the importance and need of MAs is in the fact that they opened a new scenario
in front of the scientific community. More specifically, MAs suggested to the com-
puter science community that optimization problems can be more efficiently tackled
by hybridizing and combining existing algorithmic structures rather than using ex-
isting paradigms. A crucially important contribution of MAs has been to offer a
new perspective in algorithmic design. Before MA diffusion, the various paradigms
were considered as “separated islands” to be elected as a solver for a given problem.
On the contrary, MAs assume that a paradigm should not be necessarily selected. A
solver can be generated by combining the strong points of various paradigms and
obtaining a solver which is capable to outperform each paradigm, separately. This
approach is the basics of the problem oriented algorithmic design which is, on one
hand, the natural consequence of the No Free Lunch theorems, on the other hand,
the founding concept for the automatic and real time design of problem solvers.
The latter will likely be the future of computational intelligence as machines, in
the future, will need to analyse and “understand” the problems before automatically
proposing a suitable solver.

This book organizes, in a structured way, all the the most important results in the
field of MAs since their earliest definition until now. This is one of the few books
explicitly addressing MAs, algorithmic aspects, and specific implementations and
is the only book which offers a systematic set of “recipes” to tackle, by means
of memetic approaches, a broad set of optimization problems. Optimization in the
presence of both discrete and continuous representation is analysed as well as con-
strained and multi-objective problems in both stationary case and in the presence of
uncertainties. Each chapter describes the algorithmic solutions for facing one of the
above-mentioned problems. A big emphasis is also given to the automatic coordi-
nation of algorithmic components by means of self-adaptive, co-evolutionary, and
diversity-adaptive schemes. In addition, this book attempts to be self-consistent as
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it gives a description of a set of possible modules composing a MA. In addition, a
set of successful examples in real-world applications in engineering is also given.

The book is structured in four parts. In the first part, containing Chapters 1–4, the
basic concepts and elements composing Memetic Algorithms (MAs) are introduced.
Chapter 1 defines basic concepts and definitions about optimization, complexity and
metaheuristics. Chapter 2 describes the general structure and issues about Evolu-
tionary Algorithms (EAs). General issues concerning the operation of EAs are dis-
cussed and different EA variants presented. Then, the problem of choosing the right
EA instance, that is, the problem of designing and tuning evolutionary algorithms
is presented. Chapter 3 defines Local Search and gives some examples of Local
Search Algorithms by distinguishing the main algorithmic structures in continuous
and combinatorial spaces. Chapter 4 gives a definition of MA, analyzes the reason
of its success and distinguishes between MAs and Memetic Computing.

In the second part, containing Chapters 5–14, methodological aspects about al-
gorithmic design and how to handle problem difficulties are studied. For each class
of problems a review on the subject is given and some study cases are displayed for
clarity. Chapter 5 discusses parametrization problems and balance of global and lo-
cal search within MA frameworks. MAs in discrete and combinatorial optimization
problems are analyzed in Chapters 6 and 7, respectively. Chapter 6 focuses on the
design of semantic combination operators, development of dedicated local search
procedures and management of population diversity. Other important issues, such
as design of rich evaluation functions and constraint handling techniques, are also
discussed. Two case studies with the purpose of showing how these issues can be
effectively implemented in practice are also included in Chapter 6. Combinatorial
problems and MA performance is the main focus of Chapter 7 where the concept of
fitness landscapes is introduced and advanced fitness landscape analysis techniques
are presented. A comparative analysis of the performance is carried out for the Trav-
elling Salesman Problem an the Binary Quadratic Programming Problem. MAs for
continuous optimization are presented in Chapter 8 after an overview on popular
global optimizers for continuous problems. Particularities of memetic approaches
for continuous optimization are highlighted in a novel taxonomy. Constrained op-
timization problems are addressed in Chapter 9 where a review on MAs for con-
strained problems is given and and two algorithmic implementations are presented
in greater details. In the subsequent two chapters, the automatic coordination of lo-
cal search components within evolutionary frameworks is discussed. Chapter 10 dis-
cusses diversity-based adaptive systems and focuses on fitness diversity techniques
for adaptive MAs. A comparative analysis of recently proposed diversity metrics is
also given. Chapter 11 presents recent research results about self-adaptive evolution
of the memes and co-evolutionary MAs. It is shown how adaptive schemes contain-
ing local search information encoded within solutions and evolving in parallel pop-
ulations connected to the population of solutions can lead to the design of flexible
memetic frameworks. The chapter describes a framework for this research and pre-
vious findings with self-adaptive methods concerning representation and scalability.
It then goes on to consider in more depth issues relevant to co-evolutionary systems
such as credit assignment and the ratio of population sizes which can be thought
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of as the memetic “load” that an evolving population can support. Chapter 12 dis-
cusses another trending topic in MAs, namely the combination of MAs with com-
plete techniques (i.e., techniques capable of provably finding the global optimum,
or guaranteeing approximation bounds), and with incomplete variants thereof. The
book also focuses on MAs for specific classes of optimization problems. Chapter 13
presents MA implementations for multi-objective optimization problems. Chapter
14 shows recent MA implementations for optimization problems in the presence of
uncertainties.

The third part contains Chapter 15 and 16 and gives some examples of domain
specific MA implementations and applications in given fields. Chapter 15 presents
relevant MA applications in engineering and design while Chapter 16 summarizes
the most significative applications of MAs in Bioinformatics.

Finally the fourth part, containing the epilogue of this book, Chapter 17 within
the context of biographical notes and anecdotes, present the ideas that guided MAs
at their earliest definition stage and how many open problems posed before can
guide the future development of the field.

We wish to express our sincere gratitude for all the external contributors of this
book who allowed us to produce a solid and high quality work covering a large
spectrum in the field of MAs. Last but not least, we thank our families and friends
for the constant support during the production of this volume.

Jyväskylä, Finland, June 2011 Ferrante Neri
Málaga, Spain, June 2011 Carlos Cotta
Newcastle, Australia, June 2011 Pablo Moscato
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12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
12.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
12.3 Classification of Hybridization Approaches . . . . . . . . . . . . . . . . . . 191
12.4 Integrative Combinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
12.5 Collaborative Combinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
12.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

13 Multiobjective Memetic Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
Andrzej Jaszkiewicz, Hisao Ishibuchi, Qingfu Zhang
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
13.2 Basic Definition and Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202

13.2.1 Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
13.2.2 Aggregation Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
13.2.3 Weighted Sum Approach . . . . . . . . . . . . . . . . . . . . . . . . . . 204
13.2.4 Tchebycheff Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

13.3 Adaptation of Memetic Algorithms for Multiobjective
Optimization – Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
13.3.1 Dominance-Based Evaluation Mechanisms . . . . . . . . . . . 206
13.3.2 Aggregation Function-Based Evaluation

Mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
13.3.3 Problem Landscapes in Multiobjective Optimization . . . 208
13.3.4 Archive of Potentially Pareto-optimal Solutions . . . . . . . 209
13.3.5 Evaluation of Multiobjective Memetic Algorithms . . . . . 209

13.4 Examples of Multiobjective Memetic Algorithms . . . . . . . . . . . . . 210
13.4.1 MOGLS of Ishibuchi and Murata . . . . . . . . . . . . . . . . . . . 210
13.4.2 M-PAES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
13.4.3 NSGA-II with LS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
13.4.4 MOGLS of Jaszkiewicz . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
13.4.5 RM-MEDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
13.4.6 MOEA/D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
13.4.7 MGK Population Heuristic . . . . . . . . . . . . . . . . . . . . . . . . . 213
13.4.8 Memetic Approach by Chen and Chen . . . . . . . . . . . . . . . 214
13.4.9 SPEA2 with LS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
13.4.10 Interactive Memetic Algorithm by Dias et al. . . . . . . . . . 214
13.4.11 SMS-EMOA with Local Search . . . . . . . . . . . . . . . . . . . . 214

13.5 Implementation of Multiobjective Memetic Algorithms . . . . . . . . 214
13.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217



XVIII Contents

14 Memetic Algorithms in the Presence of Uncertainties . . . . . . . . . . . . 219
Yoel Tenne
14.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
14.2 Uncertainty Due to Approximation . . . . . . . . . . . . . . . . . . . . . . . . . . 220
14.3 Uncertainty Due to Robustness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224
14.4 Uncertainty Due to Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
14.5 Uncertainty Due to Time-Dependency . . . . . . . . . . . . . . . . . . . . . . . 232
14.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237

Part III: Applications

15 Memetic Algorithms in Engineering and Design . . . . . . . . . . . . . . . . 241
Andrea Caponio, Ferrante Neri
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
15.2 Applications of MAs in Engineering Problems . . . . . . . . . . . . . . . . 242

15.2.1 Engineering Applications in Single-Objective
Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

15.2.2 Engineering Applications in Multi-Objective
Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252

15.3 A Study Case: The Fast Adaptive Memetic Algorithm . . . . . . . . . . 255
15.3.1 An Insight into the Problem . . . . . . . . . . . . . . . . . . . . . . . . 255
15.3.2 Fast Adaptive Memetic Algorithm . . . . . . . . . . . . . . . . . . 257

15.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

16 Memetic Algorithms in Bioinformatics . . . . . . . . . . . . . . . . . . . . . . . . 261
Regina Berretta, Carlos Cotta, Pablo Moscato
16.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
16.2 Microarray Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

16.2.1 Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
16.2.2 Feature Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265

16.3 Phylogenetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
16.4 Protein Structure Analysis and Molecular Design . . . . . . . . . . . . . . 267
16.5 Sequence Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
16.6 Systems Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270

Part IV: Epilogue

17 Memetic Algorithms: The Untold Story . . . . . . . . . . . . . . . . . . . . . . . 275
Pablo Moscato
17.1 Motivation, or Something Like That . . . . . . . . . . . . . . . . . . . . . . . . . 275
17.2 In the Beginning, There Was no Evolutionary Computation . . . . . 276
17.3 Caltech and the Red Door Cafe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
17.4 Landscapes and the Correlation of Local Optima . . . . . . . . . . . . . . 285
17.5 Hierarchical Objective Functions and Memetic Algorithms

That Run on a “Segment” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
17.6 A Royal Visit to Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292



Contents XIX

17.7 To Brazil, without the Beaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
17.8 Fixed-Parameter Tractability, and the Complexity of

Recombination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
17.9 Newcastle, Australia, and Biomedical Research Closer to the

Beach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
17.10 Future Opportunities (if We Constrain the Beast) . . . . . . . . . . . . . . 305

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363



List of Contributors

Regina Berretta
Centre for Bioinformatics, Biomarker
Discovery and Information-Based Medicine,
The University of Newcastle, University
Drive, Callaghan, NSW, 2308, Australia
e-mail: Regina.Berretta@

newcastle.edu.au

Andrea Caponio
Technical University of Bari, Via E. Orabona
5, 70121 Bari, Italy
e-mail:
caponio@deemail.poliba.it

Carlos Cotta
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