
Preface

In many application fields, artificial intelligence, data mining, pattern recognition
operations research, to name but a few, often problems arise that may be reduced at
their very essence to optimization problems.

Unfortunately, neither the objective function nor the solution search space dis-
play that nice properties that may be conveniently exploited by widespread familiar
numerical analysis tools. Though these latter offer powerful devices to cope with
a great deal of both theoretical and practical problems in so many disciplines, the
hypotheses on which they rely are far from being fulfilled within the frameworks
that so often constitute the background of the application fields we mentioned so far.
Here well behaved analytic functions and compact domains are not commonplace
and only raw hazardous simplifying assumptions may constrain so many classes of
problems in such a way they may be treated by means of comfortable numerical
procedures.

It may happen that too much simplification does not allow the actual problem to
be solved satisfactorily, that is we obtain useless though well grounded solutions.
Heuristic methods have been developed to yield reliable solutions to many partic-
ular problems, but only the development of general heuristics offered a theoretical
framework for dealing with a large class of problems.

One outstanding approach in this kind of methods proved to be evolutionary
computing. This rapidly growing research field came nowadays to a well established
discipline on its own enjoying solid theoretical foundations and large evidence of
effectiveness as far as complex non conventional optimization problems are con-
cerned. History dates back to the fifties and since then an enormous body of theory
has been developed which makes evolutionary computing a suitable framework for
building applied methodology while it is an active and thriving research field. Its
influence spread out through so many disciplines, from biology to informatics and
engineering and to economics and social sciences.

We shall try to make an account of the influence of evolutionary computing in
Statistics and close related fields. Evolutionary computation is particularly useful in
Statistics, in all cases when the statistician has to select, inside a very large discrete
set just one element, be it a method, a model, a parameter value, or such.
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Therefore a common application of evolutionary computation is to the selection
of variables, both in regression problems and in time series linear models. In time
series analysis it has been proposed also for building non linear models. For the
same reason, evolutionary computation may be employed in the problem of outlier
detection, and several papers were published both for the independent observations
case and for time series.

A recent, very promising application is in the design of experiments, where the
optimal choice of a combination of factors, and their levels, is needed, and cost
constraints are very strong.

Finally, a typical field of application of evolutionary computation to Statistics is
cluster analysis. Here, the use of an evolutionary algorithm provides a valid alter-
native when the number of units and variables is large, and the standard cluster
techniques allow only approximate solutions.

This book brings together most literature on the use of evolutionary computation
methods in statistical analysis, and contains also some unpublished material. It is
based on the over 15 years experience and research work of the authors in this field.

This book requires a basic knowledge of mathematics and statistics, and may be
useful to research students and professionals to appreciate the suitability for solving
complex statistical problems of evolutionary computation. We believe that these
algorithms will become a common standard in Statistics in a few years.
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