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Preface

This is a textbook for a first course in problem solving and programming
methods using the FORTRAN language. It assumes no prior knowledge of
computers or programming. A course in high-school algebra is sufficient
mathematics background for most of the material in this textbook, except for
sections of the last chapter. In other chapters, examples that require more
mathematical background are clearly marked.

The most significant change in this edition is a substantial increase in the
number of engineering and science examples, including at least one new case
study in each chapter. We have also retained most of the general examples.
The net result is a textbook that can be used either in a FORTRAN course for
engineering and science majors or in an introductory programming course for
a general audience.

The first edition of this textbook was published in 1977, the same year that
FORTRAN 77 became the standard version of the FORTRAN language. The first
edition pioneered the teaching of problem solving and structured program-
ming in a FORTRAN course, a tradition that has continued in successive edi-
tions.

Problem solving continues to be emphasized in this edition. Chapter 2
contains a new section on the art and science of problem solving, which
includes a discussion of the engineering and scientific method.

This edition has an increased emphasis on modular programming, which is
an important component of structured programming. Chapter 4 introduces
the use of library functions; Chapter 5 is a new chapter on user-defined
functions and subroutines. In this edition, we discuss both kinds of FORTRAN
subprograms before coverage of arrays (Chapter 6). This allow us to use
subprograms in many of the program examples that manipulate arrays.

The first seven chapters represent the core of the book and should be studied
by all students. Students in a general course should skip many of the engi-
neering examples; students in a predominately engineering or science section
may skip some of the business-oriented case studies.

Chapter 1 provides an overview of computer hardware and software, in-
cluding an expanded introduction to the history of computers. It contains an
introduction to FORTRAN statements and data types, and the use of FORTRAN
in different programming environments. It also introduces the essentials of
using files, so that students can write programs that access data files prepared
by their instructor or send their program results to an output file.
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FORTRAN Versions
and Computers

Chapter 2 describes problem solving, algorithm refinement, and decisions
in programs. The chapter begins by discussing problem solving in engineer-
ing and science followed by a general discussion of problem solving and
algorithm refinement. It also shows how to write conditions and implement
decisions in FORTRAN using the IF statement. The chapter covers all aspects of
the use of the IF statement, including the Block IF form for implementing
decisions with multiple alternatives.

Chapter 3 describes two control structures for implementing loops: the po
loop and the wHILE loop. As in earlier editions, we include the wHILE loop
because we believe students should know how to use this control structure,
which is fundamental to structured programming. Even though the WHILE
loop is not part of the FORTRAN 77 standard, it is provided as an optional
feature in many versions of FORTRAN 77 and will be included in the new
FORTRAN standard (FORTRAN 8X). For those who do not have access to this
control structure, we show how to implement it in standard FORTRAN 77.

Chapter 4 provides additional details on FORTRAN data types, including the
use of library functions in expressions. The chapter also introduces the FORMAT
statement.

Chapter 5 is a new chapter on subprograms. The chapter covers both func-
tion and subroutine subprograms. It introduces preconditions and postcondi-
tions as part of a function’s documentation. It also shows how to use structure
charts to document the flow of control and data between the main program
and its subprograms.

Chapter 6 introduces the array, focusing on one-dimensional arrays. Chap-
ter 7 covers advanced features of arrays, including multidimensional arrays,
searching an array, and sorting an array. The chapter also discusses addi-
tional subprogram concepts, including coMmon storage and the SAVE statement.
The chapter ends with a discussion of random number generation and com-
puter simulation.

The remaining chapters cover advanced material. These chapters do not
have to be studied in any particular order. If time permits, instructors in
classes with a general audience should concentrate on Chapters 8 and 9,
which cover additional features of formatting, file processing, and string ma-
nipulation. Instructors in classes with science and engineering students
should spend more time on Chapters 10 and 11, which cover graphing, com-
puter-aided design, and numerical methods.

The text uses FORTRAN 77 as its language of instruction rather than FORTRAN sx.
The reason for this choice is the current widespread availability of FORTRAN 77
compilers. At the time of publication of this book, FORTRAN sx was still await-
ing final approval so there were no FORTRAN sx compilers. As mentioned
earlier, we have included one important new control structure from FORTRAN
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8, the wHILE loop. Appendix D summarizes many of the important features of
FORTRAN 8X.

The text is not oriented toward any specific computer. Chapter 1 discusses
booting a personal computer and logging onto a timeshared computer. Most
of the examples are written as interactive programs, which is the most preva-
lent mode of programming today. All of the new programs have been tested
on an IBM-compatible personal computer using Microsoft FORTRAN 77. Ap-
pendix C describes how to use this popular compiler for microcomputers.

We employ many pedagogical features to enhance the usefulness of this book
as a teaching tool. Some of these features are discussed below.

End of Section Exercises: Most sections end with a number of self-check
exercises. These include exercises that require analysis of program segments
as well as short programming exercises. Answers to these exercises appear in
the back of the book.

End of Chapter Exercises and Projects: Each chapter ends with a set of quick-
check exercises with answers. There are also chapter review exercises whose
solutions appear in the back of the book. Finally, there is a set of program-
ming projects whose solutions appear in the instructor’s manual.

Examples and Case Studies: The book contains a large number and variety of
programming examples. Whenever possible, examples contain complete pro-
grams or subprograms rather than incomplete program fragments. There are
also substantial case studies that help a student integrate and apply concepts
studied over several chapters.

Syntax Display Boxes: The syntax displays describe the syntax and semantics
of each new FORTRAN feature and also provide examples.

Program Style Displays: The program style displays discuss issues of good
programming style.

Error Discussions and Chapter Reviews: Each chapter ends with a discussion
of common programming errors. A chapter review includes a table of new
FORTRAN statements.

A reference table of FORTRAN statements appears on the inside covers of the
book. There are appendices on FORTRAN Library Functions and Character
Sets. Also, there is an appendix on MS-DOS and the Microsoft FORTRAN 77
compiler and one covering FORTRAN sX.
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Introduction to Computers and Programming

I N THIS chapter, we introduce computers and computer programming. We
begin with a brief history of computers and a description of the major compo-
nents of a computer, including memory, central processor, input devices, and
output devices. We also discuss how information is represented in a com-
puter and how it is manipulated.

Following this introduction, we begin a discussion of the main topics of this
book: problem solving, programming, and FORTRAN. We first discuss problem
solving with a computer. Then languages for computer programming are
described. Finally, some simple computer operations are presented along
with some short FORTRAN programs that demonstrate these operations. The
FORTRAN programs contain statements for reading and displaying information
and for performing simple computations.

Also described are the steps involved in creating a FORTRAN program and
the roles performed by special programs that are part of a computer system.
These programs include the operating system, compiler, editor, and loader.

Electronic Computers Then and Now

It is difficult to live in today’s society without having some contact with
computers. Computers are used to provide instructional material in schools,
print transcripts, send out bills, reserve airline and concert tickets, play
games, and even help authors write books.

However, it wasn’t always this way. Just a short time ago, computers were
fairly mysterious devices that only a small percentage of our population knew
much about. Computer “know-how”” turned around when advances in solid-
state electronics led to large reductions in the size and cost of electronic
computers. Today, a personal computer (see Fig. 1.1), which costs less than
$3000 and sits on a desk, has as much computational power as one that 10
years ago would cost more than $100,000 and would filla 9" x 12’ room. This
price reduction is even more remarkable when we consider the effects of
inflation over the last decade.

If we take the literal definition for a computer as a device for counting or
computing, then the abacus might be considered the first computer. How-
ever, the first electronic digital computer was designed in the late 1930s by Dr.
John Atanasoff at lowa State University. Atanasoff designed his computer to
perform mathematical computations for graduate students.

The first large-scale, general-purpose electronic digital computer, called the
ENIAC, was built in 1946 at the University of Pennsylvania with funding
supplied by the U.S. Army. The ENIAC was used for computing ballistics
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Figure 1.1. IBM

Personal Computer

Brief History of
Computers

tables, for weather prediction, and for atomic energy calculations. The ENIAC
weighed 30 tons and occupied a 30" X 50" space (see Fig. 1.2).

Although we are often led to believe otherwise, computers cannot think!
They are basically devices for performing computations at incredible speeds
(more than one million operations per second) and with great accuracy. How-
ever, in order to accomplish anything useful, a computer must be programmed,
or given a sequence of explicit instructions (the program) to carry out.

To program the ENIAC it was necessary to connect hundreds of wires and
arrange thousands of switches in a certain way. In 1946, Dr. John von
Neumann of Princeton University proposed the concept of a stored program
computer in which the instructions of a program would be stored in computer
memory rather than be set by wires and switches. Since the contents of
computer memory can be easily changed, it would not be nearly as difficult to
reprogram this computer to perform different tasks as it was to reprogram the
ENIAC. Von Neumann’s design is the basis of the digital computer as we
know it today.

Table 1.1 lists some of the important milestones along the path from the
abacus to modern-day electronic computers. We often use the term first gener-



