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Introduction

1.1. WHAT Is LoGic DESIGN?

Logic circuits are what make things happen in digital computers. They govern the
input of information, the fetching and execution of instructions, the conversion of data
from one form to another, and the output of results. Logic design is about interconnect-
ing large numbers of simple elements to make them perform intricate operations. The
elements themselves are an amazing culmination of a vast array of engineering and
scientific knowledge. But, using them entails a rather different kind of knowledge.

Logic designers do not employ the classic techniques of electrical engineering or
physics or chemistry. Nor are they much concerned with the kinds of mathematics,
largely based on differential equations, that underpins much of these disciplines.
Corresponding to the simple physical elements used in logic design is a mathematics
based on 1s and Os rather than on real numbers. While some of this mathematics, such
as Boolean algebra, is well developed, much of it is highly irregular, with bits and pieces
invented as needed. Those who enjoy solving puzzles are likely to feel at home in this
field.

Logic circuits and many sophisticated techniques for designing them antedate the
digital computer by many years. The initial applications were to the design of telephone
central office equipment. The key concept, which transformed the design process from
an art to a science, was the idea of describing both the functions performed and the
circuits themselves in terms of Boolean algebra. This was embodied in Claude Shannon’s
master’s thesis in electrical engineering at MIT, surely one of the most brilliant master’s
degree theses ever written. It was published in 1938. A substantial body of knowledge
has been generated since then, making logic design perhaps the most highly developed
area of computer science. Yet many important and interesting problems remain to be
solved.

There are two basic classes of logic circuits. Combinational logic circuits are those
whose present outputs are functions only of the present inputs. Sequential logic circuits
are those whose outputs depend on past as well as present inputs. The examples in this
chapter all illustrate combinational logic; the more complex subject of sequential logic is
not introduced until Chapter 6.

A major use of logic circuits is to perform arithmetic operations on numbers repre-
sented in terms of two-valued, or binary, signals. Circuits that count, add, and multiply in
binary are basic applications of logic-circuit techniques, and are used in subsequent
chapters to illustrate them. Hence, logic designers should have a good grasp of how
numbers are represented and manipulated in binary. They should also understand how
nonnumeric information can be represented in terms of two-valued signals, as in
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