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PREFACE

Digital network engineering has developed very rapidly in recent years.
Its impact is felt in many areas, especially those of digital computers, tele-
phone switching, and digital control. The growth of digital systems engi-
neering has been accompanied by the birth of new technologies, such as
integrated circuits, large-scale integration, and MOS devices. This book is
intended to be a realistic, up-to-date introduction to the theory and applica-
tions of digital networks.

For the application-oriented reader we provide a comprehensive and
mathematically precise treatment of commercially available integrated-circuit
modules, which have become the building blocks of modern digital systems.
We introduce new mathematical models to properly explain the behavior of
complex flip-flops (including master-slave and edge-sensitive types); and
static MOS devices. We also make an effort toward establishing a modular
design approach for large digital systems. Our presentation is at the logical
design level and does not rely on electrical engineering prerequisites.

For the more theoretically inclined reader we provide mathematically
nontrivial topics which are at the same time realistic and applicable. A consid-
erable amount of the material in this book represents recent, unpublished
research results. The reader will come across several problem areas that
require further investigation.

Conventional switching theory originated with relay technology, but it
did not keep up to date with the rapid developments of new technologies.
Rather, it deals mainly with mathematical problems that presently have little
relevance to actual practice in digital network design. On the other hand, a
number of texts addressed to the practicing technician and engineer are not on
the proper mathematical level for university undergraduates. In contrast to
both these trends, we have strived for both relevance and mathematical
maturity.

xiii



Xiv PREFACE

This book is addressed to more than one type of reader. Most of the
material is suitable for an undergraduate, junior-level course for computer
science and electrical engineering students. For example, the topics of Chap-
ters 1, 2, 4 (unstarred part), 5, 6, 7, and 8 have been covered in a one-semester
course for third-year computer science students at the University of Waterloo.
Alternative sequences are also possible at the undergraduate level, for exam-
ple Chapters 1, 2, 4 (unstarred part), 6, 7, 8, 9 (possibly with some patts
omitted), and 10 (unstarred part). The first part of each chapter gives an indi-
cation of prerequisite material and points out sections that can be omitted.
For a graduate course in computer science or electrical engineering, Chapters
3 through 10 constitute a suitable sequence.

Appendices A-C, together with Chapters 3 and 4, provide a good deal of
general mathematical background required by computer science students.

We wish to express our gratitude for helpful comments, reactions, and
criticisms of early versions of this book to the following: students at the
University of Waterloo, especially G. Bouwers, T. A. Cargill, D. R. Cheriton,
and M. G. Gouda; Dr. R. Knast; Professors A. Bar-Lev, 1. Kidron, W. D.
Little, and J. C. Majithia; and several anonymous, very helpful reviewers.

Special thanks are due to M. I. Irland, who shared the experience of
teaching from our manuscripts, for constructive criticism and for contribut-
ing to the problem sections.

Both authors wish to gratefully acknowledge the assistance of both the
University of Waterloo and the Technion—Israel Institute of Technology.

The research for this book was supported in part by the National Research
Council of Canada under Grant A-1617, and by the Technion, under Grant
120-509.

We are greatly indebted to Teresa Miao of the University of Waterloo
for her excellent typing of the various stages of the manuscript, and to Raya
Anavi of the Technion, for typing extensive revisions.

J. A. BRZ0ZOWSKI
M. YOELI
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l SWITCHES AND GATES

ABOUT
THIS
CHAPTER

This chapter introduces switches, gates, and relatively simple
gate networks. The approach is largely intuitive, yet it is
made quite precise through the use of the notation of
propositional calculus, given in Section 1.1. For the mathe-
matically oriented reader, we present in Appendix A
additional material on propositional calculus.

In Section 1.2 we begin with switches, because their
implementation and operation are extremely simple concep-
tually. In Section 1.3 we introduce ideal gates without
attempting to explain their numerous and widely differing
implementations. A mathematical model of one type of
implementation, MOS gates, is presented in Appendix D;
however, we consider electronic details outside the scope of
our book and refer the interested reader to the literature
[GAR]. Thus we restrict our attention to logical properties
of gates and we consider gates as operators on binary
signals.

In Section 1.4, Boolean operators are defined and some
of their properties are described; many of these properties
are needed in Section 1.6. In Section 1.5, some fundamental
concepts related to networks of gates are discussed.

With this rather modest background we next proceed to
the design examples of Section 1.6. With the aid of the
propositional-calculus notation, we develop an approach to
the design of some interesting networks. Word descriptions
of problems are first converted to precise mathematical
statements and then manipulated to obtain gate implementa-

1



2 SWITCHES AND GATES CHAP. 1

tions. For the most part we use ideal gates; however, certain
restrictions are introduced in some of the examples. For
instance, we attempt to use as few gates or contacts as
possible. In this connection, the reader is warned that
minimal solutions are quite difficult to find for some of the
examples and problems. Such problems cc-stitute intellec-
tually challenging puzzles, but, otherwise, the reader should
not attach too much importance to absolutely minimal
solutions. In general, no systematic methods are known for
finding such minimal networks. The subject is treated in
more detail in Chapter 5.

To the best of our knowledge, the approach of Section
1.6 is original, although countless designers have undoubt-
edly gone through similar steps informally.

1.1. NOTATION

Throughout this book we frequently use notation from the calculus of
propositions. We now summarize this notation. For a more detailed account
of the propositional calculus, the reader is referred to Appendix A.

A proposition is a statement that is either true or false. If p and q are
propositions, the proposition p A g (read: p AND gq) is defined to be true iff
(if and only if) both p and g are true. The proposition p \/ ¢ (read: p OR g) is
true iff either p or g or both p and q are true. The proposition ~p (read: NOT
p) is true iff p is not true, i.e., iff p is false. We write LHS = RHS to state that
the left-hand side and right-hand side are equivalent; i.e., they are either both
true or are both false. For example, x > y = y < x. Another example of an
equivalence is the following:

pVag=pV (~p) A 9, (*)
where p and g denote arbitrary propositions. This and similar equivalences
can be verified by means of a truth table, which exhausts all the possibilities
for p and g, as shown in Table 1-1, where T and F stand for true and false,
respectively.

Table 1-1 Truth-Table Verification of Equivalence (x)

p q pVg ~p (~p) N g PV ({(~p) A9
F F F T F F
F T T T T T
T F T F F T
T T T F F T

We refer to the symbols A, V, and ~ as logical connectives.



SEC. 1.2 SWITCHES 3

For convenience in such formulas as ((fV g) V 4), we omit the outer
parentheses and write (f \V g) V A. Also, the ~ operator has precedence over
the \V and A operators. Thus p \VV ((~p) A q) will be written p \VV (~p A q).

1.2. SWITCHES
Simple Switches

A simple and common example of a switching device is a manually
operated mechanical switch, e.g., a light switch or a push button. Associated
with a simple switch are two terminals, 7, and #,, which are connected (short-
circuited) when the switch is operated, and disconnected (open-circuited)
when it is unoperated. A schematic diagram of a simple switch is shown in
Fig. 1-1(a). At any time the switch is either operated or unoperated; conse-
quently, its behavior can be described by a binary, i.e., two-valued, variable s.

s
Insulator ﬂ:[:/ Conductor

to 0 . o X L]
1 » 2

(a) (b)

Fig. 1-1 (a) Schematic diagram of a simple switch; (b) symbolic
diagram.

We use the convention that s = 0 when the switch is unoperated and s = 1
when it is operated. The choice of symbols 0 and 1 is arbitrary and the
symbols have no numerical significance. Any other pair of distinct symbols
would be equally acceptable. For the terminals #, and ¢, we introduce a binary
variable x such that x = 0 if the path between ¢, and ¢, is open, and x = 1 if
it is closed. Thus the performance of the switch of Fig. 1-1(a) can be specified
by the statement x = 1= s =1, or simply by x =s. To simplify the
representation of switches we use the symbolic diagram of Fig. 1-1(b) rather
than the schematic drawing.

A slightly more complicated switch is shown in Fig. 1-2, where two pairs

s/ Conductors
ty O ty o X —0
X
Insulator ——
30 —O0 1, o— X -0
X
(a) (b)

Fig. 1-2 Illustrating multiple contacts.



