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Preface

Pedra, paper i tisores
un, dos, tres
Jan Ken Pon
A-i ko de sho1

World RPS Society [437]

Information fusion is a broad area that studies methods to combine data or
information supplied by multiple sources. Aggregation operators are some of
the functions that can be used for combining data.

This book is intended for those interested in methods for aggregating in-
formation and, specially, for those who need to embed such methods in ap-
plications. It constitutes an introduction to the field. The main focus is on
functions that deal with numerical information although other kinds of func-
tions (specially ones for ordinal scales) are considered as well. It is aimed at
senior undergraduate and beginning graduate students of computer science,
engineering, and mathematics.

This is an introductory book in the field of aggregation operators, focused
on practical applications; we have tried, on the one hand, to limit the operators
and results to a set of manageable size and, on the other hand, to include some
descriptions and examples of such operators at work.

We have also included a few computational issues. It has to be said that
although for most operators no implementation details are given, their im-
plementation is usually straightforward. Most of the operators and methods
appearing in the book have been implemented by the authors (in Java).

Due to our objective, results with a mainly mathematical interest are not
included in the text. For example, only aggregation operators that combine
a finite number of inputs have been studied in detail. Some definitions and
results that can be useful for further study but are not relevant for real appli-

1 Rock, Paper, Scissors



VIII Preface

cations have been included in separate figures. This is the case for definitions
of fuzzy integrals of continuous functions.

Organization

The book contains an introductory chapter, two chapters presenting some
other introductory topics, and the main chapters.

The Introduction describes information integration at large, and locates
aggregation operators in this setting.

Chapter 2 describes some of the tools that are needed later in the book. In
particular, it focuses on measurement theory, probability and statistics, and
fuzzy sets.

Chapter 3 gives an introduction to functional equations. Some well-known
equations are reviewed, and a few notes on how to solve them are given.

Chapter 4 is devoted to the synthesis of judgements. It mainly reviews
aggregation operators related to separability and quasi-arithmetic means, first
without weights and then with them. At this point, the Bajraktarević’s mean
is defined. A few operators for ordinal scales are also presented.

Chapter 5 gives an overview of fuzzy measures. The most well-known fam-
ilies are studied: belief and plausibility and ⊥-decomposable and distorted
probabilities. Such fuzzy measures are later used in conjunction with fuzzy
integrals.

Chapter 6 describes aggregation operators that can be expressed as par-
ticular cases of fuzzy integrals. Such operators include weighted means, OWA
operators and weighted minimum and maximum. Fuzzy integrals, such as
Choquet, Sugeno, t-conorm, and twofold integrals, are also defined and com-
pared.

Chapter 7 is devoted to a few indices to evaluate aggregation operators
and their parameters. This section includes descriptions for the Shapley and
Banzhaf indices, interactions, average values and orness.

We finish, in Chapter 8, by considering the process of parameter determi-
nation for some particular operators, for example, for learning weights for the
weighted mean and fuzzy measures for Choquet integrals. Two cases are con-
sidered, parameter determination with the help of an expert and parameter
determination from examples.

To ease the reading, references have been grouped in bibliographical sec-
tions (Bibliographical Notes, at the end of each chapter). The full listing of
the references is given at the end of the book. Examples have been given to il-
lustrate the operators, and figures and tables have been included for the same
purpose. In some cases, figures have been added to include some definitions or
properties that have less interest for practical application (e.g., definitions of
some fuzzy integrals in continuous domains). The book finishes with an Ap-
pendix where the main properties and some aggregation operators are listed.
The lists are not exhaustive.
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How to Use This Book

The book does not assume specific previous knowledge of aggregation opera-
tors, and Chapters 2 and 3 give some preliminaries to make it self-contained.
Although the chapters have been written to avoid dependences as much as
possible, there are some dependences between chapters. The most important
relationships are enumerated here. Chapter 4 uses functional equations re-
viewed in Chapter 3, and Chapter 6 defines fuzzy integrals that use the fuzzy
measures described in Chapter 5. Evaluation methods (Chapter 7) are based
on the particular operators and the particular parameters explained in pre-
vious chapters (e.g., Shapley value for a fuzzy measure). The problem of pa-
rameter determination for a given operator (Chapter 8) naturally needs the
operator under consideration (described in previous chapters). Nevertheless,
to prevent the reader from going back and forth, there are minor repetitions
in the text.

The following equation is the most repeated one:

min
i

ai ≤ C(a1, . . . , aN ) ≤ max
i

ai
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