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Neural Networks: A Comprehensive Foundation

Preface

It is a distinct honour for me to write this Preface for the Chinese edition of my
book Neural Networks: A Comprehensive Foundation (2nd edition, Prentice-Hall,
1999), which is photocopy published by Tsinghua University Press in China, under
agreement between Prentice-Hall in the United States and Tsinghua University Press.
The publication of this edition is all the more pleasurable for me as the book will be
read by a very large body of people in the big country of China.

Neural Networks represent a technology that is rooted in many disciplines:
neuro-sciences, mathematics, statistics, physics, computer science, and engineering. As
such, neural networks find applications in such diverse fields as system modeling, time
series analysis, pattern recognition, signal processing, and control. They do so by virtue
of their ability to learn (in on-line or off-line ways) from input data, representative of
an environment of interest, with or without a teacher. Neural networks, motivated by
how the human brain works, will play an increasingly important role in the twenty first
century, particularly when we are confronted with difficult problems that are
characterized by non-linearity, non-stationarity, and unknown statistics.

As the title of the book indicates, the primary purpose of this book is to provide a
comprehensive introduction to neural networks from an engineering perspective,
recognizing the multi-disciplinary nature of this fascinating subject. The material
presented in the fifteen chapters of the book is supplied with numerous examples,
computer-oriented experiments, end-of-chapter problems, and an extensive
bibliography. This book is well organized and clearly written, trying to clarify the most
important concepts and theory in the neural network (connectionist) literature. The
original English edition of the book has been well received throughout the world;
hopefully, the Chinese edition of the book will be just as well received in China.

In a related way, I would like to bring to the attention of potential readers my
other book, Adaptive Filter Theory (3rd edition, Prentice-Hall, 1996); the fourth
edition of this highly popular book will have been published before the end of 2001.
The two books, Neural Networks and Adaptive Filter Theory, complement each other;
between them, they cover all the important principles of Adaptive and Learning
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Systems.

Finally, I would like to express my gratitude to those who worked in the
production of the photocopied version of my book in China. Special thanks go to Prof.
Tian-Jin Feng and my current Chinese Ph. D. student, Zhe Chen, who were the first to
make this proposal and finally make it happen.

Simon Haykin

McMaster University
Hamilton, Ontario, Canada
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To the countless researchers in neural networks
for their original contributions,

the many reviewers for their critical inputs,
my many graduate students for their keen interest,
and

my wife, Nancy, for her patience and tolerance.
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Preface

Neural Networks, or artificial neural networks to be more precise, represent a technol-
ogy that is rooted in many disciplines: neurosciences, mathematics, statistics, physics,
computer science, and engineering. Neural networks find applications in such diverse
fields as modeling, time series analysis, pattern recognition, s1gnal protessing, and con-
trol by virtue of an important property: the ability to learn from input data with or
without a teacher.

This book provides a comprehensive foundation of neural networks, recognizing
the multidisciplinary nature of the subject. The material presented in the book is sup-
ported with examples, computer-oriented experiments, end-of-chapter problems, and a
bibliography.

The book consists of four parts, organized as follows:

1. Introductory material, consisting of Chapters 1 and 2. Chapter 1 describes, largely
in qualitative terms, what neural networks are, their properties, compositions, and
how they relate to artificial intelligence. This chapter ends with some historical
notes. Chapter 2 provides an overview of the many facets of the leaming process
and its statistical properties. This chapter introduces an important concept: the
Vapnrik—Chervonenkis (VC) dimension used as a measure for the capacity of a
family of classification functions realized by a learning machine.

2. Learning machines with a teacher, consisting of Chapters 3 through 7. Chapter 3
studies the simplest class of neural networks in this part: networks involving one
or more output neurons but no hidden ones, The least-mean-square (LMS) algo-
rithm (highly popular in the design of linear adaptive filters) and the perceptron-
convergence theorem are described in this chapter. Chapter 4 presents an
exhaustive treatment of multilayer perceptrons trained with the back-propagation
algorithm. This algorithm (representing a generalization of the LMS algorithm)
has emerged as the workhorse of neural networks. Chapter 5 presents detailed
mathematical treatment of another class of layered neural networks: radial-basis
function networks, whose composition involves a single layer of basis functions.
This chapter emphasizes the role of regularization theory in the design of RBF
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networks. Chapter 6 describes a relatively new class of learning machines known
as support vector machines, whose theory builds on the material presented in
Chapter 2 on statistical learning theory. The second part of the book finishes in
Chapter 7 with a discussion of committee machines, whose composition involves
several learners as components. In this chapter we describe ensemble averaging,
boosting, and hierarchical mixture of experts as three different methods of build-
ing a committee machine.

3. Learning machines without a teacher, consisting of Chapters 8 through 12.
Chapter 8 applies Hebbian learning to principal components analysis. Chapter 9
applies another form of self-organized learning, namely competitive learning, to
the construction of computational maps known as self-organizing maps. These
two chapters distinguish themselves by emphasizing learning rules that are
rooted in neurobiology. Chapter 10 looks to information theory for the formula-
tion of unsupervised learning algorithms, and emphasizes their applications to
modeling, image processing, and independent components analysis. Chapter 11
describes self-supervised learning machines rooted in statistical mechanics, a sub-
ject that is closely allied to information theory. Chapter 12, the last chapter in the
third part of the book, introduces dynamic programming and its relationship to
reinforcement learning.

4. Nonlinear dynamical systems, consisting of Chapters 13 through 15. Chapter 13
describes a class of dynamical systems consisting of short-term memory and lay-
ered feedforward network structures. Chapter 14 emphasizes the issue of stabil-
ity that arises in nonlinear dynamical systems involving the use of feedback.
Examples of associative memory are discussed in this chapter. Chapter 15 describes
another class of nonlinear dynamical systems, namely recurrent networks, that
rely on the use of feedback for the purpose of input—output mapping,

The book concludes with an epilogue that briefly describes the role of neural networks
in the construction of intelligent machines for pattern recognition, control, and signal
processing.

The organization of the book offers a great deal of flexibility for use in graduate
courses on neural networks. The final selection of topics can only be determined by the
interests of the instructors using the book. To help in this selection process, a study
guide is included in the accompanying manual.

There are a total of 15 computer-oriented experiments distributed throughout
the book. Thirteen of these experiments use MATLAB. The files for the MATLAB
experiments can be directly downloaded from

ftp://ftp.mathworks.com/pub/books/haykin
or alternatively
http://www.mathworks.com/books/

In this second case, the user will have to click on “Neural/Fuzzy” and then on the title
of the book. The latter approach provides a nicer interface.

Each chapter ends with a set of problems. Many of the problems are of a chal-
lenging nature, designed not only to test the user of the book for how well the material
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covered in the book has been understood, but also to extend that material. Solutions to
all of the problems are described in an accompanying manual. Copies of this manual
are only available to instructors who adopt the book, which can be obtained by writing
to the publisher of the book, Prentice Hall.

The book should appeal to engineers, computer scientists, and physicists. It is
hoped that researchers in other disciplines such as psychology and neurosciences will
also find the book useful.

Simon Haykin
Hamilton, Ontario
February, 1998.
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Abbreviations and Symbols

ABBREVIATIONS

Al artificial intelligence

APEX adaptive principal components extraction
AR autoregressive

BBTT back propagation through time

BM Boltzmann machine

BP back propagation

b/s bits per second

BOSS bounded, one-sided saturation
BSB brain-state-in-a-box

BSS Blind source (signal) separation
CART classification and regression tree
cmm correlation matrix memory

Cv cross-validation

DEKF decoupled extended Kalman filter

DFA deterministic finite-state automata
DSP digital signal processor

EKF extended Kalman filter

EM expectation-maximization

FIR finite-duration impulse response
FM frequency-modulated (signal)
GEKF global extended Kalman filter
GCV generalized cross-validation

GHA generalized Hebbian algorithm
GSLC generalized sidelobe canceler
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xxiv  Abbreviations and Symbols

HME hierarchical mixture of experts
HMM hidden Markov model

Hz hertz

ICA independent components analysis
Infomax  maximum mutual information
KR kernel regression

LMS least-mean-square

LR likelihood ratio

LTP long-term potentiation

LTD long-term depression

LR likelihood ratio

LvVQ learning vector quantization
MCA minor components analysis

MDL minimum description length

ME mixture of experts

MFT mean-field theory

MIMO multiple input-muitiple output
ML maximum likelihood

MLP multilayer perceptron

MRAC model reference adaptive control
NARMA nponlinear autoregressive moving average
NARX nonlinear autoregressive with exogenous inputs
NDP npeurcn-dynamic programming
NwW Nadaraya—-Watson (estimator)
NWKR Nadaraya-Watson kernal regression
OBD optimal brain damage

OBS optimal brain surgeon

OCR optical character recognition
ODE ordinary differential equation
PAC probably approximately correct
PCA principal components analysis

pdf probability density function

pmf probability mass function-

RBF radial basis function .

RMLP recurrent multilayer perceptron
RTRL real-time recurrent learning
SIMO single input-multiple output
SISO single input-single output

SNR signal-to-noise ratio

SOM self-organizing map



Abbreviations and Symbols  xxv

SRN simple recurrent network (also referred to as Elman’s recurrent network)

SvD singular value decomposition

SVM support vector machine

TDNN time-delay neural network

TLFN time lagged feedforward network

VC Vapnik~Chervononkis (dimension)

VLSI very-large-scale integration

XOR exclusive OR

IMPORTANT SYMBOLS

a action

a’b inner product of vectors a and b

ab’” outer product of vectors a and b

(rit) binomial coefficient

AUB unions of A and B

B inverse of temperature

b, bias applied to neuron k

cos(a,b) cosine of the angle between vectors a and b

D depth of memory

Dy, Kullback-Leibler divergence between probability density functions
- fand g

D adjoint of operator D

E energy function

E; energy of state i in statistical mechanics

E statistical expectation operator

(E) average energy

erf error function

erfc complimentary error function

exp exponential

Eav average squared error or sum of squared errors
€(n) instantaneous value of the sum of squared errors

€ ot total sum of error squares

F free energy

Sfx(x) probability density function of random vector X
Fo* subset (network) with the smallest minimum empirical risk
H Hessian matrix

H! inverse of matrix H

i square root of —1, also denoted by j

I identity matrix

I Fisher’s information matrix

J mean-square error



