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Preface

Artificial neural networks are nonlinear systems capable to extract and utilize
knowledge presented as streams of data converted in numerical form. In particular, feed-
forward neural nets act as either inference or expert systems when used in classification
problems or as nonlinear function approximators when they find applications in the wide
areas of nonlinear signal processing and control.  Starting with 1943 when McCulloch
and Pitts proposed the first mathematical model of a neuron, several main paradigms
were  developed and utilized in a variety of applications including pattern recognition,
bio-medical instrumentation, multimedia technology, communications, control, financial
prediction, speech recognition, image processing, biometric identification and many
others.  The most successful neural network architectures to date such as Support Vector
Machines, Multi Layer Perceptrons and some other variations of them are at the moment
the most widely used in various applications although each of these neural models has
several drawbacks.

The goal of this book is to introduce several novel architectures called Piecewise
Linear Neural Networks that can functionally replace any of the above mentioned models
while lowering the implementation cost, particularly when integrated in hardware
systems such as mixed-signal or Systems On a Chip (SOC) solutions.  It is a novel neural
paradigm which can replace any of the “traditional” models, and in addition it is
particularly well suited for those applications where a high density of implementation is
required (such as in cellular systems, smart sensors, novel generation of reconfigurable
computing devices), a low power consumption and a low implementation cost (e.g. in
various integrated systems for multimedia, speech recognition, portable equipment,
medical instrumentation, micro robotics and so on). Although designed with the hardware
constraints in mind, the software implementations of the PWL neural networks are also
robust and compact. Moreover, in designing this new generation of neural networks the
accomplished goal was to remove some of the drawbacks that are present in the
“traditional” architectures, especially those associated with the convergence and the
complexity of the learning algorithms.  The common aspect of all architectures described
herein is the exploitation of some theoretical results form the field of piecewise linear
approximations, well known to nonlinear circuit theorists but somehow ignored by the
neural networks community.

The results in this book are the outcome of research started by the author almost 5
years ago first as a Fulbright Visiting Scholar (1996-1998), and then as an invited Visting
Scholar (1999-2000) at University of California at Berkeley - U.S.A, the Nonlinear
Electronics Laboratory.  Also part of this research was sponsored by several scholarships
offered by the ISIA (The Graduate School in Intelligent Systems) at the Technical
University of Darmstadt – Germany and by several Office of Naval Research (U.S.A.)
grants. The research was motivated by the need to develop compact yet highly functional
neural cells for the Cellular Neural Network, a VLSI oriented neural paradigm widely
used in sensory integrated intelligent image processing.

This book is addressed to students and specialists in the fields of electronics,
communications and computer sciences who are interested in intelligent and nonlinear
signal processing. Its contents may be also used as a guide for practical works and project
themes for undergraduate and graduate students of the Information Engineering and
Computers departments from the Electronics and Communications Faculty.
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