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PREFACE TO THE SECOND EDITIO vi i

The idea for this second edition came from Janusz Kacprzyk on April 29,

2005, who kindly invited me to his new Springer series, Studies in Computa-

tional Intelligence. The initial plan was to correct the usual typos and mis-

takes but leave the book unchanged, as Janusz thought (and I agreed with

him) that it was the proper moment for a second edition. But then there was

the problem of the new format and I had to reformat and proofread every-

thing again. And I just thought that while I was at it, I might as well change

some things in the book to make it more enjoyable and interesting. Foremost

in my thoughts was the restructuring of chapter 4, The Basic GEA in Prob-

lem Solving. In that chapter, buried together with a wide variety of prob-

lems, were several important new algorithms that I wanted to bring to the

forefront. These algorithms include: the GEP-RNC algorithm (the corner-

stone of several new other algorithms); automatically defined functions; poly-

nomial induction; and parameter optimization. So I removed all these mate-

rials from chapter 4 and gave them the deserved attention by writing four

new chapters (chapter 5 Numerical Constants and the GEP-RNC Algorithm,

chapter 6 Automatically Defined Functions in Problem Solving, chapter 7

Polynomial Induction and Time Series Prediction, and chapter 8 Parameter

Optimization). Then this new structure just begged for me to include one of

the last additions to the GEP technique – decision trees – that I was regret-

fully unable to include in the first edition (I implemented decision trees in

August of 2002, two months before sending the manuscript to the printer).

So, chapter 9, Decision Tree Induction, is totally new to this second edition

and an interesting addition both to the book and to GEP. The last three chap-

ters, chapter 10 Design of Neural Networks, chapter 11 Combinatorial Opti-

mization, and chapter 12 Evolutionary Studies, remain basically unchanged.

With all this restructuring in chapter 4, I was able to develop several new

topics, including solving problems with multiple outputs in one go and

Preface to the Second Edition



viii PREFACE TO THE SECOND EDITION

designing parsimonious solutions both with parsimony pressure and user de-

fined functions, also interesting new extensions to the GEP technique. Fur-

thermore, the section on Logic Synthesis was totally restructured and an

interesting analysis of the most common universal logical systems is pre-

sented.

Chapter 3, The Basic Gene Expression Algorithm, with the exception of

section 2, Fitness Functions and the Selection Environment, remains practi-

cally unchanged. In section 2, however, I introduce several new fitness func-

tions that are then used to explore more efficiently the solution landscapes of

the problems solved in the book.

The inversion operator is one of the latest additions to the GEP technique,

and you will notice an extra entry for it in chapters 3 and 10. Furthermore,

you’ll also notice that both IS and RIS transposition were slightly modified

so that the transposon sizes were automatically chosen rather than a priori

set. But unbeknownst to me, this slightly different implementation had con-

sequences in the performance of these operators, and the new implementa-

tion is slightly more unpredictable in terms of performance. This is the rea-

son why in the Evolutionary Studies of chapter 12, the old implementation

of these operators is still used. And to be fair, the comparison of the inver-

sion operator with these transposition operators should also use a fixed set of

sizes for the inverted sequences. And this is the reason why inversion is not

analyzed in chapter 12.

Cândida Ferreira

December 20, 2005



PREFACE TO THE FIRST EDITION ix

I developed the basic ideas of gene expression programming (GEP) in Sep-

tember and October of 1999 almost unaware of their uniqueness. I was read-

ing Mitchell’s book An Introduction to Genetic Algorithms (Mitchell 1996)

and meticulously solving all the computer exercises provided at the end of

each chapter. Therefore, I implemented my first genetic algorithm and I also

implemented what I thought was a genetic programming (GP) system. Like a

GP system, this new system could also evolve computer programs of differ-

ent sizes and shapes but, surprisingly, it surpassed the old GP system by a

factor of 100-60,000. So, what happened here? What was responsible for

this astounding difference in performance? For an evolutionary biologist,

the answer is quite straightforward: this new system – gene expression pro-

gramming – simply crossed the phenotype threshold. This means that the

complex computer programs (the phenotype) evolved by GEP are totally

encoded in simple strings of fixed length (the chromosomes or genotype).

The separation of the genotype from the phenotype is comparable to opening

a Pandora box full of good things or possibilities. Of these good things, per-

haps the most important is that there are virtually no restrictions concerning

the number or type of genetic operators used. Another important thing is that

the creation of higher levels of complexity becomes practically a trivial task.

Indeed, it was trivial to create a multigenic system from a unigenic one and a

multicellular system from a unicellular one. And each new system creates its

own box of new possibilities, which enlarges considerably the scope of this

new technique.

In this first book on gene expression programming I describe thoroughly

the basic gene expression algorithm and numerous modifications to this new

algorithm, providing all the implementation details so that anyone with el-

ementary programming skills (or willing to learn them) will be able to im-

plement it themselves. The first chapter briefly introduces the main players

Preface to the First Edition
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of biological gene expression in order to show how they relate to the main

players of artificial evolutionary systems in general and GEP in particular.

The second chapter introduces the players of gene expression programming,

showing their structural and functional organization in detail. The language

especially created to express the genetic information of GEP chromosomes

is also described in this chapter. Chapter 3 gives a detailed description of the

basic gene expression algorithm and the basic genetic operators. In addition,

a very simple problem is exhaustively dissected, showing all the individual

programs created during the discovery process in order to demystify the work-

ings of adaptation and evolution. Chapter 4 describes some of the applica-

tions of the basic gene expression algorithm, including a large body of un-

published materials, namely, parameter optimization, evolution of

Kolmogorov-Gabor polynomials, time series prediction, classifier systems,

evolution of linking functions, multicellularity, automatically defined func-

tions, user defined functions and so forth. The materials of Chapter 5 are

also new and show how to simulate complete neural networks with gene

expression programming. Two benchmark problems are solved with these

GEP-nets, providing an effective measure of their performance. Chapter 6

shows how to do combinatorial optimization with gene expression program-

ming. Multigene families and several combinatorial-specific operators are

introduced and their performance evaluated on two scheduling problems.

The last chapter discusses some important and controversial evolutionary

topics that might be refreshing to both evolutionary computists and evolu-

tionary biologists.

Acknowledgments

The invention of a new paradigm can often create strong resistance, espe-
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Web. Together we founded Gepsoft and developed software based on gene

expression programming which is already helping numerous scientists and

engineers worldwide. And thanks to Gepsoft it was possible for me to con-

centrate fully on the writing of this book and on the development of several

new algorithms. Indeed, my work at Gepsoft benefited tremendously from

my writing and vice versa.

I am also very grateful to Pedro Carneiro, a talented musician with an avid

mind, for reading and editing the first three chapters of the manuscript. José
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tions. He is, in fact, my first reader and I always write with him in my mind.
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ADF Automatically defined function
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GT Greater Than or Boolean function of two arguments #4
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IC Initial configuration
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IS Insertion sequence elements
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NAND NAND or Boolean function of two arguments #7

NC Numerical constants

NLM NAND-like module

NOR NOR or Boolean function of two arguments #1

NPV Negative predictive value

NXOR NXOR or Boolean function of two arguments #9

OR OR or Boolean function of two arguments #14

ORF Open reading frame

PPV Positive predictive value

RIS Root insertion sequence elements

RNC Random numerical constants
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UDF User defined function

ULM Universal logical module
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