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Book Reviews 

Discrete Neural Computation: A Theoretical 
Foundation-Kai-Yeung Siu, Vwani Roychowdhury, and 
Thomas Kailath. (Englewood Cliffs, NJ: Prentice-Hall, 
1995, 431 pp., hardcover, $54.00. ISBN 0-13-300708-1). 
Reviewed by Ramamohan Paturi. 

Discrete neural computation is about the complexity of discrete 
threshold circuits. Although many fundamental issues in the complex- 
ity of threshold circuits are yet to be resolved, researchers recently 
obtained a number of impressive results applying a wide variety of 
techniques : Fourier methods, rational approximations, communication 
complexity, probabilistic constructions, and algebraic techniques. 
In this book, Siu, Roychowdhury, and Kailath bring together a 
number of such results on the resources (gate count, depth, size of 
weights) required of threshold circuits that compute specific as well 
as arbitrary Boolean functions. The book does a remarkable job of 
presenting most of the recent research concerning the complexity 
of discrete threshold circuits. These results include many interesting 
constructions for computing a number of specific Boolean functions 
as well as lower bounds on the resources. In particular, the authors 
present their constructions for depth-efficient threshold circuits for 
such arithmetic functions as addition, multiplication, and division. 

This book should be of interest to researchers in the areas of neural 
networks and circuit complexity, although it does not offer a broader 
context for the study of threshold circuits from the perspective of 
either of these areas. 

The coverage of the main topic of this book, complexity of 
threshold circuits, is comprehensive. In addition to presenting a 
number of classical results, the book includes a vast array of recent 
results from a wide variety of sources to provide the reader with the 
current state of the research in the area. The presentation of these 
results is fairly self-contained. 

I wish that the authors paid more attention to pedagogical mat- 
ters. In certain places, the book is lacking in guiding the reader 
regarding what is significant. It is sometimes hard to wade through 
the unimportant or obvious theorems to find fundamental or elegant 
results. 

The book starts with the basic results regarding the capabilities of 
a linear threshold element. The coverage is not limited to classical 
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results such as the convergence of the perceptron learning algorithm 
but includes recent results that settle longstanding questions regarding 
the number of linearly separable functions and the magnitude of 
weights. 

Chapters 3-6 present a number of techniques for designing efficient 
threshold circuits. These include the elegant telescoping technique, a 
very nice result of Bmck and Smolensky for representing Boolean 
functions as the sign of sparse polynomials, explicit constructions 
using error correcting codes, and techniques for trading depth for 
size and depth for polynomially bounded weights. 

These techniques and the resulting constructions for arithmetic 
functions are the highlight of this book. Also included in these 
chapters are a number of lower bound results that one can obtain using 
somewhat elementary considerations. An example is the application 
of Spemer’s lemma to obtain a C i ( f i )  lower bound on the number 
of gates for computing the parity function with depth two threshold 
circuits. 

Chapters 7-10 include the lower bound arguments showing that 
some of the earlier upper bounds are indeed tight. As is well known, 
lower bound arguments are often hard to come by. 

The book shows how to exploit such techniques as rational 
approximation, spectral methods, correlational methods, and commu- 
nication complexity to obtain a number of nontrivial lower bounds on 
threshold circuits. The book also includes results on the limitations 
of AND-OR circuits to provide a better context to understand the 
complexity results for threshold circuits. These results vividly show 
the power of threshold circuits in computing such functions as 
parity. Readers desiring a more complete treatment of AND-OR 
circuit limitations will find the paper by Boppana and Sipser (The 
Complexity of Finite Functions) in the Handbook of Theoretical 
Computer Science, Vol. AI, very useful. 

The chapter on the Hopfield model is somewhat disconnected 
with the main theme of the book. The treatment of the associative 
memory model is narrow and not well motivated. Interesting results 
on memory capacity, spurious memories, and basins of attraction are 
not covered. 

All in all, the authors should be commended for making recent 
research results on threshold circuit complexity accessible for a wider 
audience. To an initiated reader, the book is of great value as a 
reference for the recent results on the capabilities and limitations 
of threshold circuits. 
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