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Global Preface |

PREAMBLE

The rapid advances being made in the field of digital component technology
are having profound effects on all aspects of digital systems design. Nowhere
are these effects being felt more strongly than in the design of high perfor-
mance systems for such applications as digital signal processing.

The classical architectural alternatives for realizing the high performance
requirements of signal processing systems must be re-examined in the light
of the exponential increases occurring in component capabilities. This two
volume set brings together a wide variety of logical concepts that impact the
design of such systems which acknowledge and take advantage of modern
component technology. :

Classically, the implementation of digital signal processing techniques has
been constrained by the limitations of component technology. System realiza-
tions have tended toward one of two general approaches depending on per-
formance requirements. Where high performance real time processing re-
quirements were stringent, the trend was toward inflexible - dedicated
hardware systemis. Where a lower performance was tolerable, the more flexi-
ble approach of a software implementation on a general purpose computer
was often taken. ’ o

Initial attempts to provide both flexibility and high performance resulted
in the evolution of supercomputers. These systems tended to be expensive -
and difficult to program and often achieved their full processing potential for

. only a limited class of problems. Over the past decade, the use of specialized
-high-speed array processors attached to a conventional general-purpose host
computer has become the standard approach. to the implementation of gen-
eral purpose digital signal processors. :

Modern component technology has recently opened a floodgate of high
performance components that have dramatically altered the cost/performance

v
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GLOBAL PREFACE vii

criteria for all digital systems. In particular, the feasibility of systems consist-
ing of programmable and configurable chips is exertmg its influence on a
wide range of new application areas.

In order to exploit the capabilities of these new components for the solu-
tion of signal processing problems, it is necessary for those involved in signal
processing and for digital systems architects to find a bridge between their
respective fields. It is the overall purpose of these three volumes to explore
both worlds and establish such a bridge in the form of a systems design phi-
losophy and methodology. For this bridge tc support traffic it was found
necessary to establish firm foundations on both sides and to create examples
of safe passage.

A fundamental concept of the philosophy presented in Volume II is that
design should be driven by systems requirements while accommeodating im-
plementation constraints. To present a design methodology and illustrate its
application tu digital signal processor design, it was found necessary to estab-
lish:firmly the computational requirements and implementation conastraints of
signal processors. It is to this end that Volume I is dedicated. From a
pedagogical point of view, Volume I is designed to be a senior course in digi-
tal signal processing with a strong engineering emphasis on the architecture
of ‘real processors. The content of the three volumes reflects the two major
topics indicated in the title: systems design.andsignal processing. The ma-
terial on signal processing is presented first since the first step in any design
process must be the identification of the item to be desighed. We wish to
emphasize, however, that the goal is to unite these two major areas under
the influence of VLSI (Very Large Scale Integration) component technology
as a single coherent topic. To discuss “*VLSI Systems Design for Digital Sig-
nal Processing’ as a single topic, we must define that topic and what it en-
CcOmpasses. :

There appear to. be two possible interpretations of the title:

1. the design of VLSI components (themselves complex systems) in-
tended for use in digital signal processing apphcauons

2. the design of digital signal processing systems that utilize VLSI com-
ponents:, .

It is the second mterpretatnon that we address in these volumes
. ...The subject matter encompassed tends to become almost cosmological in
nalure seeming to immerse the reader (and at times, the aifthors) in an
endless lnterlocked array of concepts w“mch appear to expand without limit.
lndeed during the course of structuring the matenal there were times when
it appeared that organizing a course of instruction to teach a centipede to
walk would be an easier task. However, a concerted effort has been made to
weave the required concepts together to form a coherent paltern i

In general, Volume I concerns digital sighal processing and the basic con-
cepts of digital signal processor architectures, while _Volume II addresses the
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concepts of systems design and presents the bridge between the two fields in
light of VLSI technology. It is in the areas of processor architectures and
component technology that the underlying concepts of both signal processing
and systems design merge.

It is recommended that the reader examine the introductions to Volumes
I and II in sequence. In this way, an overall picture of the scope of the
material to be presented, its organization and interrelation should emerge.
This overall picture will be enhanced by a further reading of the introduc-
tions and summaries to each chapter prior to attempting the main body of
the text. The bibliographies have been organized to suggest two levels of ad-
ditional reading: first, tutorial expositions, usually in text books; second,
more advanced or, perhaps, specialized reading, most often in papers. By

. these means, a complete personal road map can be constructed.

All this material is intended for use by electrical engineers at the senior
undergraduate or introductory graduate level. While the material in Volume I
is concerned specifically with digital signal processing, the design philoso-
phies and methodology of Volume II are applicable to the design of digital
systems in general. Indeed, the central theme of Volume Il may be con-
sidered as systems design with digital signal processing representing a gen-

 eralized case study framework within which the concepts of systems design
are illustrated.

The choice of digital signal processing as the subject of the case study
seems justifiable (aside from being of interest to the authors). Current trends
and projections regarding digital component technology indicate that the ca-
pability to fabricate high performance digital signal processors at a reasonable
cost is increasing dramatically. With increased performance and reduced cost
the demand for signal processing systems can also be expected to increase.
Thus, engineers entering the field of digital systems design need a broad
familiarity with the basic concepts of signal processor design.
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Introduction to Volume I

In order to design digital signal processors that take advantage of advanced
component technology, we must first understand the computational require-
ments and, as well, have an appreciation for the constraints imposed by tech-

"nology. It is the purpose of this volume to present an overview of the
important elements of background theory, processing techniques, and
hardware evolution in a manner that will:

provide for the reader who is unfamiliar with digital signal processing a
concise presentation of the major concepts;

lead to the identification of the basic computational requirements associ-
ated with digital signal processing theory and techniques;

set the stage for the systems design discussions of Volume II by establish-
ing an appropriate perspective on how the dynamic nature of com-
ponent technology effects the implementation of signal processors.

The material of this volume is organized basically in two parts. The first
five chapters form Part A which reviews the underlying theory and basic
techniques of digital signal processing. Chapter 5 provides the bridge from
processing to processors. Chapters 6 and 7 make up Part B and concern
the architecture and performance limitations of processors and hardware
evolution.

It is not our intention to present a comprehensive treatment of the
theoretical aspects of digital signal processing in Part A. The aim here is to
place in perspective the wide range of theoretical material that forms the
foundation of digital signal processing.

While a great deal of mathematical terminology and symbolism is
presented in Part A (often in a somewhat encyclopaedic terseness), the ma-
jor goal is to give the reader an overall grasp of signal processing theory, the
link between this theory and some common processing techniques and, most

xi
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xii INTRODUCTION TO VOLUME I

importantly, the implied computational requirements for the implementation
of these techniques in terms of digital hardware and/or software systems.

Chapter 5 provides a focal point for the material of Part A and establishes
the context for moving from processing theory to processors. Since the move
from theory to implementation must always take place within some context,
Chapter 5 examines the general characteristics of a range of digital signal
processing application areas with a focus on their influences on: processing
systems. The fundamental computational operations are summarized within
an overall perspective of the interaction of theory, applications, and imple-
mentation issues.

Having established our foundations in digital signal processing theory, we
proceed in Part B to establish the initial foundations of digital systems archi-
tecture. As in Part A, our approach here is to review the underlying concepts
and to identify those major issues which influence the design of signal proc-
essors. We begin with an examination of the basic von Neumann machine
architecture which embodies most of the fundamental concepts of digital
computing architecture. The performance limitations and principal ap-
proaches to performance enhancement are explained through an examination
of two early super computers. We then examine a selection of digital signal
processors which illustrates the evolution of architectural concepts. The goal
here is to expose answers to such questions as:

What implementation problems and performance limitations were faced?

How were thess problems overcome or circumvented?

What problems have not been overcome?

Has anything changed that might allow unsolved problems of the past to
be overcome now?

How does the specific system application affect the implementation, or
vice versa?

In considering such questions, we note that the evolution of component
technology has had a profound impact on signal processor performance
(perhaps even more so than the implementation of classic architectural con-
cepts for performance enhancement). Thus, Part B (and Volume I) con-
cludes with an overview of integrated circuit technology evolution, some pro-
jections for future advances in VLSI components, and their impact on signal
processors.

: B. A. Bowen
‘W. R. Brown
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PART A

SIGNAL PROCESSING

INTRODUCTION

The topic of digital signal processing (DSP) may be approached in one of two
ways. The first follows the historical development of the theory. This ap-
proach considers signals and signal processing in the analog domain and then
maps the results to the digital domain for implementation. The second ap-
proach is to consider signal processing in terms of operations on the numbers
which characterize a signal. In this approach the first concern is with the nu-
merical representation of digital signals. The concepts of processing can then
be developed in a purely digital context. This second approach leads to a
broader range of issues and exposes implementation mechanisms which are
more global than those available in the analog world. Indeed, there seems to
be a major conceptual disadvantage to basing our concepts in the analog
world dlgltal processing deals with numbers and operatlons on them, so
practitioners must build a familiarity with such representations. It is therefore
the second approach that we have chosen for our overview of digital signal
processing theory.

Several excellent texts are currently available on the general theory of
digital signal processing, the majority of which were published since the mid-
1970s (see annotated bibliography). The general structure of the presentation
in virtually all of these texts follows the same basic pattern.

® A discussion of deterministic discrete-time signals, and discrete-time

- linear systems based on Z-transform techniques;

® A discussion of finite impulse response (FIR) and infinite impulse
response (IIR) digital filters focusing « on design techniques and quanti-
zation effects;

® A discussion of Hilbert transforms;
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® A discussion of discrete Fourier transform (DFT) coefficient computa-
tion focused on the fast Fourier transform (FFT) algorithms followed
by applications in the computation of correlation, convolutions and
power spectra and the chirp-z transform algorithm;

e A discussion of generalized linear filtering (homomorphic processing);

® A discussion on digital hardware and processor implementation exam-
ples, either special purpose, general purpose of both;

® A discussion of one or two application areas.

This presentation pattern is not exact for any of the texts but represents a
composite view. Gold and Rader [3], who published the first comprehensive
treatment of digital signal processing theory, seem to have set this presenta-
tion pattern with the exception of the last two points. The texts by Op-
penheim and Schaffer [6] and by Rabiner and Gold [10], both published in
1975, are probably the most well known general treatments of digital signal
processing theory. These texts both follow the same general structure with
Rabiner and Gold including chapters on two-dimensional processing, speech,
and radar applications but omitting generalized linearity. ‘Oppenheim and
Schaffer treat generalized linearity in detail and also include chapters on ran-
dom signal modeling and introduce’ some of the problems of ‘estimation
theory associated with power spectrum estimation. Peled and Liu [9] give a
brief introduction to the basic concepts of the theory, and concentrate on-
practical implementations and example processors. Tretter [16], on the other
hand, tends toward the theoretical approach, specifically excluding the last
three points of the general pattern. Tretter, however, emphasizes the time
domain approach to linear systems through state space representations and
the 1mportance of estimation theory in signal processmg, including chapters
on linear parameter estimation and recursive estimation techniques.

These books form ‘a cornerstone of DSP which have provided the basis
for the wide dissemination of both the theory and the practice of the disci-
pline. It is'difficult to imagine anyone in the field who has not devoted many
hours of study to these books (including the present authors).

No single book can carry every aspect of this field to 1ts ultimate conclu-
sion. It would be naive to think of or propose such a proposmon Further
reading is necessary and a guided tour is presented in the bnbhography Ra-
biner and Gold suggested in their introduction that their book should follow
Oppenhiem and Schaffer. Perhaps this book fits before both. It'is an attempt
to bring this lmportant field to the undergraduate classroom.

Our presentation differs from the standard format chiefly in_terms of em-
phasis. It is an overview that is aimed at identifying the computatlonal re-
quirements of digital signal processing so that we can get on with the task of
systems design. Several areas—such as filter design techniques—are men-
tioned only briefly. While these topics are certainly of importance, a more
detailed discussion contributes little to determining computational require-



