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This book is directed towards first and second year college and university
students of general background who are entering a first course in computers,
computing, and computer science. For most students, and especially those in
the Humanities, such a course represents an abrupt change in the pattern of
their earlier studies, demanding a rapid integration of new ideas and
techniques. Nevertheless, these students are keenly interested in computers
as possible tools and as legitimate objects of social concern.

Our experience indicates that considerable care must be taken in choosing
the curriculum of the introductory course. Students are strongly motivated by
the “hands-on” approach of computer programming, often so much so that
they neglect theoretical ideas relating to the development of computer
science. One successful approach, adopted in this book, is to initially
emphasize the problem-solving character of computers providing, through
flowcharts and a flowchart language, a logical framework for reducing com-
plex problems to algorithmic form. Later, as the students gain skill in a
particular computing language taught in parallel with this material, more
abstract concepts concerning computer organization and operation can be
introduced.

Within the text, considerable emphasis has been placed upon the de-
velopment of problem-solving skills. The problems at the end of each chapter
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PREFACE

are appropriate for programming purposes and have been chosen to expand
students’ appreciation of the use of computers as tools to extend human
capabilities of analysis. To a large extent, the problems are nonmathematical
in character, relying as much as possible upon simple computations mixed
with various levels of decision making.

In the initial chapter the historical development of computers and comput-
ing devices is traced in some detail. Such material represents our effort to
provide humanities students with an abbreviated view of the way in which
concepts of numbers and computation have developed. Although some may
regard computer science as a discipline without historical perspective, the
development of computers and their related internal organization provides an
interesting view of the mutual dependence of developing technology and the
philosophy of computation.

In the chapters immediately following the development of flowcharts and
problem solving skills, material relating to the internal operation of computers
is given, culminating in discussions of programs expressed in simple assem-
bly language. Execution of assembly language problems on a computer is
difficult at this level of development, so most problems were solved on paper.
In teaching this material, it has been found useful to introduce CARDIAC, a
cardboard illustrative aid to computation developed by the Bell Telephone
Laboratories.! CARDIAC is simple in operation, yet allows students to
practice many of the basic aspects of stored-instruction programs.

In the final two chapters, binary arithmetic and Boolean algebra are
introduced and applied to the design of logic networks. In our own courses,
these topics have met with considerable enthusiasm from students lacking
previous mathematical training.

The order of presentation of topics in this book follows that of an
introductory one quarter (10 week) course given at the University of Califor-
nia, San Diego. Lectures covering the first two chapters were given during the
first week. During the subsequent 5 to 6 weeks the topics of Chapters Three
and Four were presented in parallel with instruction in a specific programming
language (ALGOL or FORTRAN in our case). During the final three to four
weeks, the students continued to develop their programming skills through a
variety of homework assignments, while emphasis in the main lectures shifted
to topics taken from Chapters Five through Ten. At the end of this course,
students could continue to expand their interests in digital computers through
a subsequent 10 week course devoted to system programming with applica-
tion to computer software and information-handling problems in the
Humanities. A final 10 week course, aimed at students with some mathemati-

1D. Hagelbarger and S. Fingerman, CARDIAC, A cardboard illustrative aid to computation,
Bell System Educational Aid, Bell Telephone Laboratories, 1970.
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PREFACE

cal training, gave an introduction to numerical algorithms, again with em-
phasis upon computer usage.

The level of the material presented here is appropriate for Humanities
students in their first 2 years of college or university. More technically
inclined students at 2 or 4 year colleges can be expected to make extensive
use of the more mathematically oriented topics relating to Boolean algebra
and the design of logic circuits. Although it has not been possible to eliminate
all mathematical concepts, we have attempted to emphasize the non-
numerical aspects of digital computers, keeping the level of instruction within
reach of students possessing a normal high school mathematics background.
Thus, simple computations and calculations remain as the conceptual
mainstay of instruction in the basic computer languages and the presentation
of this text.

We would like to acknowledge the assistance given us by the staff of the
Department of Applied Physics and Information Science and express our
thanks for valuable criticism from our students and various instructors,
especially Dr. T. H. Hankins.

P. M. BANKS
J. R. DOUPNIK
La Jolla, California
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COUNTING AND CALCULATIONS

Numerals, numbers, and arithmetic.

Widespread knowledge of simple calculation makes it easy for us to forget
that common use of Arabic numerals and memorized steps of addition, sub-
traction, multiplication, and division only began in the Middle Ages. Prior to
the sixteenth century, numbers in the Western civilizations were written
using Roman, Hebrew, Greek, or similar numerals in ways quite different
from today’s system. (See Figure 1.1.) These older forms of number expres-
sion generally lacked the ease of modern written computations and it is not
surprising that alternative methods of calculation were developed. These
methods, now mostly forgotten in our technology of slide rules, calculators,
and digital computers, were based on sophisticated forms of finger counting
and mechanical aids such as the ancient counting table and the abacus.

This text is concerned with the ideas surrounding modern digital comput-
ers. These machines, combining advanced electronic technology with an in-
ternal structure based on the principles of mathematical logic, are a singular
invention of our age. Nevertheless, the use of mechanical aids for solving
computational problems is not a development unique to the twentieth cen-
tury. Long before mankind guessed at the laws of electricity or developed its
present skill in building machines, repeated attempts were made to ease the
tiresome burden of computations arising from the exchange of monies, trading
of goods and the complexities of government finance and record keeping. As
we shall see, these attempts were at first satisfied by the use of hand and
finger computations, followed later by the development of mechanical com-
puting aids in the form of the early Greek and Roman counting boards. From
these beginnings a chain of successive computational tools can be traced
through the later forms of the abacus; the seventeenth century inventions of
calculating rods and the slide rule; the later ingenious mechanical computing
machines of Pascal, Leibniz and others; the analytical engines of Babbage;
and on to the use of electronic devices in the 1930s.
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FIGURE 1.1. Multiplication with old Roman numerals.
2




FINGER COUNTING 3

The modern digital computer has emerged from these extensive founda-
tions as a synthesis of mechanical, mathematical, and electrical inventions. It
is now generally recognized that a computer is a machine which not only
works with numbers but, even more importantly, acts as a device which can
store and process nonnumerical information. Examples of computer uses are
found in language translation programs, airline reservation systems, air traffic
control networks, newspaper composition, medical diagnosis and control, and
a myriad of other applications.

Itis in the area of data processing and decision making that computers most
directly affect us. The complexities of our technical civilization continually
demand choices among alternatives and accountings based upon vast amounts
of information which, in turn, requires special storage and rapid processing.
Within this context the term digital computer is misleading, since the older
ideas of computation and number processing have been outgrown and mod-
emn general computers are designed to deal equally well with numerical and
nonnumerical data.

To gain a better perspective of the roles played by digital computers, it is
usetul to first emphasize their numerical character while examining the ways
counting and simple calculations were done in the past. Such an approach
leads in a natural manner through the development of scientific computation
into the much broader areas of electronic data processing and the way com-
puters are presently used to manipulate general forms of information.

As we know, our modern concepts of numerals, numbers, and computations
were not created at their present level of sophistication, but rather matured
slowly during several thousands of years in many different civilizations before
emerging as a remarkably outstanding achievement of human intellect. In
tracing the development of number symbols and the way numbers were con-
structed in the past, there occurs an inevitable intertwining of the methods of
number expression with the basic procedures of arithmetic calculation. For
the present, it is sufficient to focus our attention first upon the way simple
calculations were made before the age of the modern digital computer. The
parallel discussion of the development of numbers and number expressions
will be deferred until Chapter five when a more complex treatment of com-
puter data storage can be given.

FINGER COUNTING

While the number symbols of most ancient civilizations are known from
various preserved writings, the different ways these people actually made
their calculations remain hidden. Even in the case of Egypt during the age of
the Pharoahs, the large number of papyri dealing with agriculture, mathe-



