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Preface

In the field of digital computers, there is an area somewhere between circuit
design and system formulation which is usually identified as switching
theory. Although this topic must be mastered by the digital computer
engineer, it does not answer 2l the questions concerning layout of an efficient
digital computing system, The remaining questions, which are less sus-
ceptible to formalization, may be grouped under the heading “Digital
System Theory.”

Our approach is to follow the basic framework of switching theory.
We hope, however, to motivate the student by presenting examples of the
many problems which appear repeatedly in the design of digital systems.
It is not our intent to provide the student with a detailed knowledge of
such speciatized system topics as computer arithmetic. Instead, we attempt
to provide the framework through which the stadent might develop a
sound design philosophy applicabie o any digital design problem. Thus, we
do not feel that the use of the term “logical design” it the title is unjustified.

The usefulness of switching theory is not restricted to engineers actively
engaged in computer design. In fact, it is our contention that almost every
desiga engineer in the field of electronics will have some opportunity to
draw o this subject. Applications occur whenever information in communi-
cation, control, or instrumentation systems, for example, is handled in other
than analog form.

The above three paragraphs, which began the preface of the First Edition
of this book, seem to us to be even more accurate today than they were
six years ago. In these years, digital techniques have become virtuaily
standard in many areas once considered the exclusive preserve of analog
techniques. This “digitalization™ of electrical engineering has become so
pervasive that it is a rare electrical engineer who will not have some contact
with digital design problems.

We undertook preparation of this second edition in order to strengthen
some of the pedagogical weak spots of the first edition as well as to include
mew materizl made necessary by recent developments, particularly in the
area of integrated circuits. As an example of the fatter, we have rewritten
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Chapter 3 _
Truth Functions

3.1 Introduction

The power of many digital systems, particularly computers, is fargely
dependent on the capability of their components to (1) make decisions and
{2) store information, incfuding the resaits of decisions. We shall defer
consideration of the slorage capability until Chapter 9 and first exploze the
problem of physical implementation of logical decision processes.

Digital computers are not the only physical systems which utilize clectronic
components to make logical decisions, although in digital computers this
practice has reached its highest degree of sophistication. In order to explore
the relation of elecirical systems to logical decisions, let us consider a
relatively simple design problem.

A logic network is to be designed to implement the seat belt alarm which
is required on all new cars. A set of sensor switches is available to supply
the inputs to the network, One switch will be turned on if the gear shift is
engaged (mot in neutral). A switch is placed under each front seat and each
wili turn on if someone sits in the correspending seat. Finally, a switch is
altached to each front seat which will turn on if and enly if that seat belt s
fastened. An alarm buzzer is to sound ywhen the ignition is turned on and the
gear shift is engaged provided that either of ihe front seals is occupied and the
corresponding seat belt is not fastened.

These conditions are sufficiently simple that the reader could most likely
work out a circuit design by trial and error. We shall take another approach

21
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requiring a formal analysis of the statements in the previous paragraph. In
this way we shall lead up to formal procedures which can be applied to much

more complicated systems.
The statements in the design specification may be listed as follows:
The alarm will sound: A
The Ignition is on: I
The Gearshift is engaged: 6]
The Left front seat is occupied: L
The Right front seat is occupied: R
The Left seat Belt is fastened: By,
The Right seat Belt is fastened: Br

To each statement, we have assigned a statement variable, which will
represent the statement and which may take on a fruth valwe, T or F,
according to whether the corresponding statement is true or false. In general,
we define a statement as any declarative sentence which may be classified as

true or false.

The mathematics of manipulating statement variables and assigning truth
values is known as truth-functional calculus. The application of truth-
functional calculus is not restricted to simple positive statements such as
those above. First, for any positive statement, there is a corresponding

negative statement. For example,

““The left seat belt is not fastened”: B,

Since the statement B;, is true whenever By is false and is false whenever
By, is true, By is called the negation of By. (Other commonly used symbols

for the negation of a statement A are ~A4 and A".)

Consider next this statement:

“The left seat belt is not fastened
and the left front seat is occupied”: B; A L

This is a truth-functional compound, a compound statement, the truth value
of which may be determined from the truth values of the component state-
ments. The exact relationship between the truth of the component statements
and the truth of the compound statements is determined by the conrective
relating the components. In this case, the connective is AND, indicating
that the statement 3, A L is true if and only if both the component state-
ments, By, AND L, are true. Since AND is a common relationship between
statements, we shall assign it a standard symbol, A, so that a compound of
two statements, A and B, related by AND may be represented by A A B.
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(BL), or the right front seat Is occupied (R) and the right seat belt is not
Jastened (Bp). As a truth functional equation, alf this is simply written as

A=TAGALABI VY (RABD. (3.1}

The design process is egrtainly not complete, but we have seen that the
truth-functional caiculus enables us to put the specifications in a form that
is compact, unambiguous, and suifable for mathematical manipulation,
It shonld be noted that the designer must be able to express the specifications
in the form of statements related by clearly defined connectives. Not all
declarafive sentences are subject to such expression. Consider the sentence

“The zlarm sounded because the right seat belt was not fastened.”

This is not a truth-functional compound, since the truth of the statement
cannot be determined solely from the truth of the compoeneént statements.
For sxample, even if both components are trus, the compound statement
may not be true, since the right seat may have been unoccupied, in which
case the Jatter half of the statement is true, but the alarm was set off by the
driver not fastening his seat belt. Such seniences cannct be handled by
trutk-functional calcvlus, In the next four sections, i will become clear that
the basic nsefulness of electrical circuits in making logical decisicns is limited
to situations in which truth-functional caleulus is applicable. Thus, the
designer must avoid formulating a design statement 'in such a way that it
does not constitute a truth-functional compound,

3.2 Binary Connectives

The connectives defined by the truth tables of Figs. 3.1 and 3.2 are birary,
since they relate only two component statements, Each binary connective
corresponds to a unique assignment of tnsth values to the four rows of the
truth table, corresponding to the four possible combinations of truth values
of two component statements. There are 21 = 16 Ways of arranging T’s
and ¥'s on four rows, so there are sixteen possible binary connectives, as
tabulated in Fig. 3.3, Each connective is numbered, and symbols are indicated
for those already defined and for others of particular interest.
Note particularly connective 13, which may be written

A> R
and which represents the compound sentence:

YIf A is true, then B is true.”
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FIGURE 3.3

This is similar ta the if and only if statement discussed previAouslyﬁ extc;i:
that B is not necessasily fafse if A is faise. For example, consider the s
ment

E>x>0={&>0 (3.2
If ¥ = .5, for example, the statement X > 0 is troe; but the stat;n}fni;
2% X > 1 is false. There is no contradiction to statement 3.2, and i

true as defined in Fig. 3.3,

The truth values for the ifthen statement may secm unnatuéz;‘i a:-‘t_ 3;11\‘;:;,
but this concept is necessary in many mathemafwal ar_gumt:uts. ab 1tsh
tion hetween = and = is very important. One is required to prove bo

Az B and B> A
in order to assert that .y a3

We shall leave it a3 2 problem for the reader to prove that (A= ByA(B = Ay
means the same as B = 4, That is,

(B=A) =4 BAE> 4 34

Since the logic designer is often coneerned with convsrlgnf natpral lix:lg:; f:
i i i i ical form, he should keep in ml y
specifications o Prease mathematic s ; >
51]: conventional usage, if-then may be thc_mghttcssl?l usefl whea ;{ ana’-on!} if
is intended. For example, a carelessly written specification might say:

“If the switch is closed, then the circuit output will be 3 velts,
although what is almost certainly meant is:
“The circuit output will be 5 voits if and only if the switch is closed.

The designer thus has a dual responsibility—to be precise in hx;riot:\:;
writing of s;eciﬁcations and to be careful in interpreting specifications

by others.
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