Structured
Programming in
FORTRAN

LOUIS A. HILL JR.



Structured

Programming in
FORTRAN

LOUIS A. HILL JR.

Arizona State University

Prentice-Hall, Inc. fxv¢3 /4
Englewood Cliffs, New Jersey 07632 -



Library of Congress Casaloging in Publication Dara

Hill, Louis A., Jr. (date)
Structured programming in FORTRAN.

(Prentice-Hall software series)

Includes index.

1. FORTRAN (C program languag
L Structured. programming. 1. Title, 11 Serses.
JAT6.73.F25HS4 00].6424 80-39567
SBN 0-13-854612-6

© 1981 by Prentice-Hall, Inc., Englewood Cliffs, New Jersey 07632

All rights reserved. No part of this book
may be reproduced in any form or

by any means without permission in writing
from the publisher.

Printed in the United States of America

10987654321

Editorial| production supervision and interior design:

Nancy Milnamow and Marianine Thomma Balizell
Cover design: Jorge Hernandez
Manufacturing buyer- Joyce Levatino and Gordon Osbourne

Prentice-Hall International, Inc., London
Prentice-Hall of Australia Pty. Limited, Sydney
Prentice-Hall of Canada, Ltd., Toronto
Prentice-Hall of India Private Limited, New Delhi
Prentice-Hall of Japan, Inc., Tokyo -

Prentice-Hall of Southeast Asia Pte. Ltd., Singapore
Whitehall Books Limited, Wellington, New Zealand



Pretace

To the Student

This book has been class-tested by over 5,000 students trom nearly every department on
the Arizona State University campus. It is written to sansfy your present and future needs
by helping you through various levels of programming skill and servmg you as a ready
reference.
~ Chapter exercises are chosen to clarify your thinking and to reinforce your
knowledge; most exercises have answers provided in the appendix. Words for the glossary
have been carefully chosen to help you communicate in the computer center and
computer community, as well as in book-related activities. The index is comprehensive.
Boldface entries in the index point to elements of the book which summarize the rules of
FORTRAN 77.

The ultimate objective oI this book 1s 1o help you develop sutticient knowledge and
skill to use computers to provide humankind with pertinent information and to free time
for creative endeavors.

To the Instructor

This book is designed to support a broad spectrum of teaching techniques. Several
chapters and sections may easily be omitted or reordered to suit your style.

It is my intention that all FORTRAN, unless specifically noted (rare), conform to
ANSI X3.9-1978, FORTRAN 77. In general, when Full Language is not specified, Subset
Language is implied. Because the ANSI Standard is written by and for experienced
programmers, the ANSI format is not incorporated directly into this text. Rather, the
format for explaining FORTRAN 77 is based upon the results of extensive experimenta-
tion, by using different techniques with students from essentially every academic
discipline. Although I have gone to great lengths to insure accuracy, I am aware that some
errors have probably not been detected. Your comments, corrections, and suggestions are
most welcome.



An Instructor’s Manual is available to facilitate your use of this text. A Typical
Course Schedule in the Instructor’s Manual lists subjects for each lecture and shows text
sections that the student should read and/or study before coming to class. A quiz and
laboratory schedule is included, with suggested point values.

Lesson plans in the Instructor’s Manual state objectives, give a summary lecture
outline, and present a detailed lecture outline keyed to transparencies or slides.

Laboratory projects in the text, designed for very early use, are ample for several
semesters. Individual laboratory projects allow each student to write a different computer
program, yet these programs are accurately and quickly graded with aids presented in the
second half of the Instructor’s Manual.

ACKNOWLEDGEMENTS

This text is the outgrowth of three previous versions which were class-tested and critiqued
by over 5,000 students and fifty laboratory instructors. From the large group who
provided extraordinary help, the following deserve special mention: George C. Beakley,
111, Carolyn Brown, Hugh Bynum, David Eyestone, Clayton Knight, John Krobock,
Kathy Levandowsky, Peter K. Piascik, and Rajiv Sachdeva.

The critique and criticism of the reviewers, Dr. Lionel E. Deinel, Jr. and Dr. Brian
Kernighan, was extremely helpful and especially appreciated. Linda Thompson did an
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Karlstrom and Steve Cline, my computer science editors, have been consistently
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Special thanks are due to Dr. Robert Loveli and Dr. James Wilson, professors who
gave excellent critiques from their experience gained while classroom-testing the
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Chapter I

Overview -
A Look Ahead

Welcome to an exciting and profitable stuay—one that can greatly increase your
contribution to society and add new dimension to your personality. Not only will the
computer save you hours and energy, it will eventually free you from mundane tasks so
that you will have time to be creative. The study of computer programming also can
increase your ability to define and organize problems in other spheres of your life.

It does take work, as well as courage and stick-to-itiveness—courage to overcome
fear of the unknown, and stick-to-itiveness to overcome frustration when a “perfect”
computer does what you say and not what you mean. You will face the ever present
temptation to forget your uitimate “human” goals and to concentrate upon pleasing an
uncompromising impersonal machine. However, if you work and persevere, you will
soon be using the computer to truly optimize attainment of your goals.

As in any new subject, you will encounter new vocabulary (or words used in an
unfamiliar context), new rules, and new techniques. A glossary is provided to give you
ready definitions (words in italics are in the glossary); by the end of your study, the full
meaning of these terms will become clear.

1-1 SITUATIONS YOU CAN EXPECT TO ENCOUNTER

In a first computer course, you will encounter a new set of problems. You will have to
define each project for yourself and work carefully in defining a program. You will be
dependent not only upon the machine, but upon other humnan beings every time you work
toward a solution. You will be constantly beckoned by the siren’s call to other, “better,”
“faster,” and “easier” ways of doing things which all too often lead to hours of extra effort.

The computer is a machine—a very, very fast one. It is error-free almost beyond
comprehension. But it does only what it is told to do and only when youask ina “pesfect”



way. The computer will not read your mind; it will not do what you mean. In addition, the
rules for its use must be followed exactly. A comma or a period in the wrong place will
probably lead to a program that does not function properly, if at all.

Probably your biggest frustration will be that your work is not solely dependent upon
you. In almost every case you will have to depend upon other people who run the machine
and handle your program and subsequent results. You will always be dependent upon the
availability of a computer and constrained by the turn-around time associated with each
run that you make. To enjoy programming, you need to allow time in case things—often
not of your own doing—go wrong. In general, you should start work early enough so that
you will have sufficient slack time to overcome these almost certain untoward
occurrences. Many novice programmers feel that everything is under control and do not
allow contingency time; in the long run they cost themselves excessive time and effort.

In every computer center there are people willing to suggest other ways to write your
program. Unfortunately, these excursions into “other ways” can be very time-consuming
distractions. If you are tempted to try another “better, faster, or easier” way of doing
things, at least be sure you understand the process involved. Blind use of any computer
technique is certain to cause more trouble than it overcomes.

1-2 EFFECT OF YOUR PERSONAL BACKGROUND

Student concern about lack of experience and background when first learning to program
a computer generally falls into three categories: experience level, area of interest or
expertise, and age.

1-2.1 Experience Level

Experience has convinced the author that it is inconsequential whether you are a high
school junior, college junior, graduate student, or professional. Students with no
mathematics beyond high school algebra, as well as those who have completed courses in
partial differential equations, have consistently mastered programming techniques. Prior
industrial or educational experience does not seem to have any major effect on your
ability to learn computer programming. The primary advantage to be gained from prior
experience is an ability to satisfactorily define a project. Yet students with little
background, either academic or professional, often formulate exciting problems that are
extremely interesting and practical.

- 122 Area of lhterest or Expertise'

No one comes to a study of computer programming with built-in handicaps. A variety of
experience lends unexpected benefits, since stereotyped concepts often found among civil
engineers, botanists, nurses, wildlife biologists, psychologists, electronic technicians or
business people tend to melt away as they work together with computer programmingas a
common bond. The computer not only provides a powerful tool for your specialty, it is
also an important vehicle for enhancing communication among students and practi-
tioners of the various disciplines.

2 Chapter 1 Overview—A Look Ahead



