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Preface

This book is for people who want to learn computer programming and
the FORTRAN 77 programming language. Its primary objective is to present
the fundamental methodology of contemporary computer programming in a
manner that is understandable and useful to learners. FORTRAN 77, the up-
to-date standard version of the widely used Fortran language, is throughly
described and illustrated to provide the means for applying the components of
the methodology and practicing with them. The book meets the requirements
of course CS1, Computer Programming I, of the ACM Curriculum *78 (Com-
munications of the ACM, March 1979), but it is not limited to use by students
of computer science; it is intended for anyone, at any age, who has at least the
equivalence of a high school education and a desire to learn fundamental com-
puter programming.

There are a number of features, in addition to readability, which distin-
guish this text from the other books that address the subjects of programming
and FORTRAN 77 together. The major ones are listed and briefly described
below.

1. There is a decided emphasis on program planning and problem-solving
methods. In Chapter 2, an unusually comprehensive programming guide
is presented and used to stress planning; then specific procedures for
developing algorithms and program flowcharts are covered in depth.
Subsequently, these are employed throughout the text to expand the
learner’s problem-solving skills. Top-down program design and stepwise
refinement of algorithms are introduced in Chapter 2 and weaved into the
text appropriately from there on. Chapter 2 is intentionally longer and
more explanatory than corresponding chapters in most comparable
books; yet toward the end of the chapter, the learner reads, studies, and
runs a first simple program.

2.  The creation of well-organized Fortran programs is encouraged and facil-
itated by the presentation, in Chapter 3, of a specific Fortran program
organization method that emphasizes modularity at the design level and
effective organization of whole programs at the coding level. The goal of
the method is to make Fortran programs easier to design, document,
read, understand, debug, and maintain—basically, the goal of structured
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programming. This book can be used whether or not the method is
adopted; its adoption, however, should be thoughtfully considered in the
light of current good programming practices.

Well-designed input and output (i/o) is advocated, with specific i/o
design instruction being given initially in Chapter 6. Printed output,
especially, should be readable and understandable. Thus both explicitly
formatted and implicitly formatted (i.e., list-directed) i/o are fully
covered in the text; explicit formatting is not relegated to an appendix or
treated as an afterthought as in many other books.

The GO TO problem is met head-on. Learners, and experienced pro-
grammers too, need to know when and when not to use the GO TO state-
ment and how to use it properly when they do use it. The relevant
instruction, with complete structured programming illustrations, is ini-
tiated in Chapter 4.

In every chapter except 1 and 10, there is at least one complete example
program per chapter—completely planned, completely developed, and
completely explained to the extent needed by the learner at that point.
The programs are meant to be read and studied. They progress from the
simple to the moderately difficult. Furthermore, they illustrate, among
others, these fundamental programming techniques: linear and binary
search, bubble sort (direct and indirect, numeric and alphabetic), report
generation, program modification, program modularization, file build-
ing, file merging, and programming for on-line and interactive process-
ing.

Programming language coverage is strictly American National Standard
FORTRAN, X3.9-1978, commonly known as FORTRAN 77. The cov-
erage is complete for the full language; no extensions are presented.
Instructions for using FORTRAN 77 to create good programs are
integrated with the language presentation. By a good program, I mean
one that is correct, well documented, readable, understandable, main-
tainable, produced on schedule, and reasonably efficient in terms of
storage requirements and execution time.

This book can be used by individuals to learn programming and

FORTRAN 77 independently; it can certainly be used to learn the same under a
good teacher’s guidance. Teachers should consider covering the material in
one of the following three ways:

1.

If the students have absolutely no background in computing, begin with
Chapter 1 and cover most of the material through Chapter 11. The pur-
pose of the first chapter is to introduce beginning students to computer
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equipment, different types of computer programs, and the role of data in
programming. One noteworthy point about Chapter 1 is that it provides a
clear contrast between programs and data, thus alleviating a particular
difficulty that beginners often have. If a time constraint occurs while
going through the rest of the material, just touch lightly on or even
bypass Chapter 10 on multidimensional arrays. The array chapters, 8 and
10, were purposely split to provide this flexibility and to allow the
important subject of character data processing (chapter 9) to be con-
sidered sooner.

2. If the students have completed an ‘‘introduction to computers’’ course,
or the equivalence, cover Chapters 2 through 11.

3. If the students have the background equivalence of an *‘introduction to
computers’’ course and one programming course of any kind, Cover
chapters 2 through 12.

Teachers, students, and independent learners alike, are encouraged to keep a
copy of this book; it can serve as a long-term future reference text for com-
puter programming and FORTRAN 77.
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Chapter

1

Computers,
Programs,
and Data

Before you begin to learn about computer programming, you need to have at least
a fundamental familiarity with computers. It will also be helpful for you to know
what a computer program is and how data are related to computers and computer
programs.

If you already have this knowledge, you can probably bypass this chapter
and go on to Chapter 2. If, however, you have no computer background of any
kind, or if you just want to ‘‘brush up’’ on the concepts, you should read this
chapter. It has been prepared to get you ready for computer programming by
acquainting you as directly and summarily as possible with the background princi-
ples with which you need to be familiar.

1-1  WHAT COMPUTERS DO

Computers are just about the most useful machines around. Like virtually all
machines, they were invented and have been developed to help people. Although
" they have been in widespread general use for only a relatively few years, the ser-
vices they now perform are, without doubt, infinitely broader in scope than the
early computer experimenters envisioned; their performance certainly far exceeds
the early expectations.

It has been implied that computers are similar to human beings. In a limited
sense, this is a valid analogy that can be used to help you begin to understand what
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2 Chap.1 Computers, Programs, and Data

computers do. In a very simplified way, then, human beings and computers are
compared in the following statement:

Human beings act on the basis of knowledge and observation;
computers solve problems by means of instructions and data.

The essence of this statement is depicted in Figure 1-1. You can see from the
diagram—as well as from the sentence above—that instructions are like
knowledge, data are like observations, and problem solutions are like actions.
Keep this in mind.

A computer is a machine that is capable of doing the following things
without intervention by a human being: receiving and storing data and instructions,
performing operations on the data as prescribed by the instructions, and displaying
the results in a form understandable to human beings. This definition, which is the
first of many that you should learn, provides a good starting point for finding out
what can really be accomplished with a computer. I want to point out that although
a computer can perform the activities described free of intermediate involvement
by a person, it definitely takes a person to arrange for the data to be collected,
come up with the instructions, get the operations started, and do something
with the results. The computer is not the ‘‘thinker’” in this process; it is the
“‘workhorse.”’

By considering together the computer diagram of Figure 1-1 and the defini-
tion above, you can see that problem solving is the goal of computer use. The per-
formance of certain tasks to accomplish this goal is the service for which the com-
puter was invented. From the human view, these tasks can usually be characterized
by one or more of such terms as ‘‘repetitive,”’ “‘boring,”” “‘time consuming,’’
“‘complex,”” and ‘‘impossible.”’ If the computer can help us with tasks such as
these, it must be an invention worthy of further study by just about everyone.

Problems that can be solved advantageously with the help of a computer
exist all around us. From the need of a company to write checks with which to pay

Observations \
Human Being Action
Knowledge
Data \
Problem
Compute N
DUter Solution
Instructions

Figure 1-1. A Simplified Comparison of Human Beings and Computers
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employees, to that of a scientist for analysis of some experimental data, to the indi-
vidual problem of keeping personal budget records—they are everywhere. An
computers are just about everywhere too. -

1-2 KINDS OF COMPUTERS

There are two major classes of computers: analog and digital. In an analog com-
puter, data are represented by continuously variable physical quantities such as
electric current. In a digital computer, data are represented electronically in the
form of distinct digits—ordinarily in the binary system. The digital computer is
widely used throughout the world today and is usually the type meant when the
term ‘‘computer’’ is mentioned. Similarly, from this point on, whenever I use the
word *‘computer’” I will be referring only to the digital computer because it is the
type in which we are interested.

The primary characteristics that distinguish one digital computer from
another are physical size and performance capabilities. Thus you will hear some
referred to as *‘large-scale computers,”” others as ‘‘minicomputers,”” and still oth-
ers as ‘‘microcomputers.”’ Briefly stated, large-scale computers have broad capa-
bilities and may occupy a fairly good-sized room; minicomputers ordinarily have a
wide range of capabilities and can usually fit into a corner of a room; microcom-
puters are commonly small enough to set on the top of a desk, but they may be
somewhat limited in capabilities. Figures 1-2, 1-3, and 1-4 illustrate these three
kinds of digital computers.

Figure 1-2. A Large-Scale Digital Computer (Courtesy of Honeywell Informa-
tion Systems, Inc.)



