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Preface

This text was written to enable students to experience the excitement of using a computer.
More specifically it is designed to introduce students to computers by learning the BASIC
language; it is also designed to provide the essentials for students interested in developing sound
programming skills. The text is arranged so that it can be used for a general introductory course
or for a more technical applications-oriented program.

Learning the BASIC language is important to the understanding of the logic of com-
puters—a necessity in this computer age. BASIC is used in many practical applications, par-
ticularly in small organizations. BASIC has become the most widely used teaching language
because it is easy to learn; yet, it is a powerful language. Most of today’s low-cost microcom-
puters use the BASIC language.

This text reflects an effort to provide a serious treatment of a popular version of BASIC—
BASIC-PLUS. Sound structured programming principles are stressed so that students planning
to continue their study of languages and computer systems will have the background to develop
well-organized software.

We have used Digital Equipment’s version of BASIC-PLUS and BASIC-PLUS-2 exclu-
sively. BASIC-PLUS is one of the most widely used versions of BASIC in the educational
environment. BASIC-PLUS is similar to other versions of BASIC; thus, this text can be used
with systems supporting different versions of the language. We have deliberately avoided the
approach commonly used in texts which attempt to describe several different versions of
BASIC when programs are explained. We have found that students become confused when
studying materials that attempt to explain more than one version of a computer language.

The text includes more content than can be covered in a normal term. Thus it provides
flexibility to the instructor in selecting topics appropriate for a specific course. Some instructors
will find that the first 10 chapters will provide adequate treatment for a course. For courses of a
technical nature, Section III, File Editing and Processing, provides content specifically de-
signed to cover these topics in the PDP-11 environment. For the general education or introduc-
tory course, Chapter 9, Functions and Subroutines, may be omitted and Chapter 10, Character
Strings, can be included since the content of these chapters is independent.

The pedagogical objective of this text is to develop students’ programming proficiency in a
progressive manner. A minimal mathematical background is assumed. We believe the student
should interact with the computer with the first assignment.

Each chapter begins with summary statements of the content to be covered. The format of
each statement introduced is listed, followed by a series of examples that illustrate how the
statement can be used. A summary program.incorporating the features of the statements pre-
sented is listed and explained. Terms introduced in the chapter are defined at the end of each
chapter. A large selection of problems of varying difficulty are included.

The text is organized into three sections:

Section I provides coverage of a minimum set of BASIC-PLUS instructions. Chapter 1
includes a short introduction to the language and the PRINT, END, and REMARK statements.
A special assignment at the end of this chapter provides the necessary practice in logging on and
off the system, coding simple PRINT statements, listing and running a program, and saving
programs on disk. Students begin the course using the computer terminal immediately.

Chapter 2 explains variables and constants, the assignment statement, and introduces
students to loops and counters. Our experience in teaching BASIC is that including simple
conditional statements early in the course, as we do in this chapter, is highly motivating to
students. Problem assignments can be more realistic when simple conditional statements are
included.

Chapter 3 covers the READ, DATA, INPUT, and RESTORE statements. Also included
are additional concepts related to conditional statements. Chapter 4 introduces flowchart sym-
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bols and flowcharting as a logical toolinproblem solving. Conditional statements are explored in
greater depth. The FOR. . .NEXT loop structure is introduced.

Section II, Structured Programming and Applications in BASIC-PLUS, covers a broad
range of topics but focuses on the importance of structured program design. Chapter 5 provides
logical problem-solving approaches to debugging programs so that students understand methods
of locating errors, particularly logic errors.

Formatting output approaches in BASIC-PLUS are explained in Chapter 6. Some dif-
ferences between BASIC-PLUS and other.language versions appear in this chapter. Single and
double subscripts are explained through numerous examples in Chapter 7. The use of the
EXTEND mode for creating meaningful variable names is introduced.

The essentials of structured programming with emphasis on program documentation are
thoroughly explained in Chapter 8. Chapter 9 covers both the standard built-in BASIC func-
tions, explains user-defined functions, and develops approaches for using subroutines. Char-
acter strings and various built-in functions for manipulating strings are explained in Chapter 10.

Chapters 11 and 12 are technical chapters that presume additional mathematical back-
ground and cover topics on matrix manipulation, multiple line functions, subprograms, and
error-handling routines.

Section III covers file editing and processing in the BASIC-PLUS environment. This is a
particularly valuable section in the text since students are given clear examples on using the
Text Editor, file processing, and batch processing.

We thank our teaching colleagues who have provided ideas for improving the content of the
manuscript and who have tested some of the teaching approaches in their own classes. Particu-
lar appreciation goes to our spouses, Rose and Kang-Shen, for their encouragement and sym-
pathy during the development of this text.

Jasper J. Sawatzky
Shu-Jen Chen
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Chapter 1

Introduction to Programming

Objectives You will learn:
The meaning of programming.
About the BASIC-PLUS language.
To read a BASIC program using PRINT and END statements.

To use a computer terminal.
To use the REMARK statement.

Computers are information processing machines. Computers can be programmed to do
mathematical computations, control a flight to the moon, compute your income tax, and
perform a wide variety of other tasks. Since the computer is a machine, it must be given
detailed instructions in order to perform an information processing task.

1.1 PROGRAMMING

Programming is the process of preparing instructions that can be ‘‘understood’’ by a com-
puter. In other words, a BASIC program is a series of instructions written by humans that
can be translated into machine language. These instructions to the computer must be placed
in a logical order, since the computer is designed to follow instructions step by step. In-
structions to the computer in a program are usually given in the form of statements. These
statements must conform to the rules of the computer language that is being used.

1.2 THE BASIC-PLUS LANGUAGE

There are many computer languages that have been developed since computers were in-
vented. These languages have evolved over the years because computer technology has ad-
vanced so rapidly that more sophisticated instructions are possible.

BASIC is an acronym for ‘‘Beginners All-purpose Symbolic Instruction Code.”” BASIC
was developed to make computer programming easier to learn. It is considered to be a high-
level language, since it does not require technical knowledge about computers. The BASIC-
PLUS version evolved from standard Dartmouth BASIC. This book uses a version of
BASIC-PLUS introduced in 1971 specifically for the PDP-11 series of computers manufac-
tured by Digital Equipment Corporation. BASIC-PLUS is a powerful version of the BASIC
language; yet, even though there are differences in the many forms of BASIC, learning
BASIC-PLUS is valuable for using other computers including microcomputers, such as the
TRS-80, PET, and APPLE.

You can enter BASIC statements on a terminal connected to a computer where your
instructions will be interpreted, and your program will produce the answers you need. The
results of your BASIC instructions, called output, will appear on the same terminal on which
you entered your program. Two common types of terminals, called I/O devices, are a
video-type terminal, the CRT—cathode ray tube, and a typewriter-type device which has
paper inserted in it. A common typewriter-type terminal is the DECwriter shown in
Figure 1-1. The CRT is more commonly used because it has fewer moving parts and a pic-
ture screen where all input and output appears (See Figure 1-2).



1.2 The Basic-Plus Language

Figure 1-1 A Printing Terminal

Figure 1-2 A CRT Terminal

As you key in your instructions to the computer on the terminal, your instructions will
appear on the screen or paper precisely as you entered them. This enables you, the pro-
grammer, to edit and make corrections in the event they are needed. Interaction using a ter-
minal connected to a computer also allows special computer program instructions to signal
you when you key in statements that are not ‘‘understood’’ by the computer. Used in this
way, BASIC-PLUS is operating in a timesharing mode—that is, you are using the computer
to solve problems together with other users. There may be 40 or more other users also using
the same computer to solve problems for them at the same time that you are entering in-
structions on your terminal. The term, timesharing, is used to describe multiple use of a
computer designed for this purpose. Special operating and hardware systems handle many
users so that one has the illusion that they are the only person using the computer. A
timesharing computer can perform operations so rapidly that the user may not experience
noticeable pauses or delays in obtaining responses to instructions. When the computer sys-
tem is being used by large numbers of programmers, however, there may be delays and
pauses due to the load placed on the system. Figure 1-3 shows a sketch of an interactive
commuter system.
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Figure 1-3 An Interactive Timesharing Computer System
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4 Introduction to Programming

1.3 A BASIC PROGRAM USING PRINT AND END STATEMENTS

Let’s take a look at a short BASIC program and see what it does.

Example 1.1

10 PRINT 'A PROGRAM TO COMPUTE 3 VALUES'
20 PRINT 10 + 20, 8 * 9, 100/25

30 PRINT 'PROGRAM BY JOHN K. HENRY'

40 END

A PROGRAM TO COMPUTE 3 VALUES
30 72 4
PROGRAM BY JOHN K. HENRY

The numbers for each of the BASIC instructions in Example 1.1 are used to ensure that a
logical sequence is followed by the computer when this program is run. Note that there is
room for additional statements to be inserted between each statement since statement num-
bers (commonly called line numbers) are assigned in increments of ten. Line numbers can be
assigned any integer between 1 and 32767. The word PRINT is a special word that must be
used whenever we wish to have words, numbers, or other symbols printed or appear on the
terminal. The use of quotation marks, either single (‘) or double (**), signals the computer
that we want the symbols appearing between the quotes to appear in output exactly as we
have arranged that line. Statement 10

10 PRINT ‘A PROGRAM TO COMPUTE 3 VALUES’

produces the output line

A PROGRAM TO COMPUTE 3 VALUES

Note that the quotes do not appear in output, but they are needed as part of statement 10 in
order to have the line printed as it was keyed.

Statement 20 instructs the computer to print the results of the arithmetic operations
specified after the word, PRINT,

20 PRINT 10 + 20, 8 9, 100/25
The second line of output in example 1.1 is printed as

30 72 4

The computer performs the arithmetic operation in statement 20 until it detects a comma;
then it combines 10 and 20 for the sum of 30. The second operation results in the multiplica-
tion of 8 times 9 (the asterisk is the signal to multiply). The third operation results in 100
being divided by 25 with only the quotient printed. Note that in statement 20 no quotes were
placed around the numbers and symbols following PRINT. Had quotes been placed before
and after these symbols, they would have appeared exactly as keyed, and no computation
would have occurred. Statement 30 functions in the same way as statement 10. Statement 40
is an END statement that terminates further execution of the program; thus, it should be the
last statement in the program.
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1.4 USING A COMPUTER TERMINAL

Procedures for using computer terminals vary depending on the types of hardware and sup-
porting programs used. The following example illustrates a log-in procedure, a short pro-
gram, and log-out procedures. The system used is Digital Equipment Corporation’s PDP
11/70 (RSTS).! After switching on the CRT power switch, press the return key (CR) and
type HELLO. Now let’s examine the following printout of the steps involved in using a
computer terminal and running a program:

Example 1.2
HELLO
RSTS V04C-03 CSU Fullerton Job 11 KES4 11-Jul-80 09:12 AM

$20,199
Fassword:

Summer weekend hours for the Comruter Center
are from 10:00am to 6:00Fm.

Ready

NEW

New fi1le name--FROB2

Reardyw

10 REM SAMFLE FRORLEM 2

20 PRINT ‘THE VALUE OF 16 CURED' IS’5 16%%3
20 END

RUN

FROR2 092113 AM 11-Jul-80
THE VALUE OF 16 CUERED IS 4096
Ready

RYE

rfhe underlined words and numbers are keyed in by the user. Note that a # sign ap-
pears, and the user is required to supply an account number that has been assigned to him
by the instructor. The word PASSWORD appears on the screen, and the user usually is re-
quired to furnish a six-character password that has also been assigned to him. Note that
when the password is keyed in by the user that it does not appear. This is for the user’s
security so that other individuals cannot use the password and thereby gain access to
another user’s programs. The next series of statements shown on the CRT (if any appear)
merely are informative and will vary with each installation. When the word READY ap-
pears, the user who is creating a new program usually wishes to identify it in some way so
the word NEW is keyed in by the user. The user then keys in a file name of up to six char-
acters in length that describes the program in some meaningful way. In this example, the file
name is PROB2. After the word READY appears, the user can begin keying in statements.

' Log-in procedures vary with installation. Some installations have dial-up terminals which require dialing a number,
placing a coupler on the modem, and responding to an inquiry with an account number and a password.
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1.5 THE REMARK STATEMENT

Statement 10 is a REMARK statement that can be used by the programmer to make explan-
atory statements in the program that will not appear in the printed output. REMARK is ab-
breviated by REM. In statement 20, a PRINT statement, a descriptive statement enclosed by
quotes is inserted before an arithmetic operation is performed. Once the END statement is
keyed in, the program is ready to RUN. The word RUN is keyed in by the user. The com-
puter prints out a header line, indicating the name of the program, the time it was run, and
the current date followed by the output generated by statement 20. If the user does not wish
to continue use of the terminal, he may log-off by keying in BYE. The word CONFIRM will
appear on the screen, and the user can respond by keying in an *“F’’ (Note that there are
other responses to CONFIRM that also can be used, such as N. Logoff is terminated, but
the user is not logged off, and the system replies READY).

1.6 HOW TO SAVE YOUR PROGRAM

Word List

In order to retain your program for future use or revisions, it is necessary to have identified
a program with a specific name no longer than six characters. Once you have keyed in a
program on a terminal, it is necessary to type the word, SAVE, following the END state-
ment of the program.? In the event you make changes in your program at a later time, be
sure to save the revised program statements by typing the word, REPLACE; otherwise, the
changes you have made will not be stored on the disk file. Once you have saved a program,
it can be retrieved later by typing OLD following log-in procedures.

BASIC. A programming language that allows the user to give instructions in the form of
statements which are executed by the computer.

CRT. An I/O device using a typewriter form of keyboard with a video screen to display data
that is keyed into the computer.

I/O. A device that handles both input and output of data.

Interactive system. A computer system connected to some I/O device that provides
immediate response when interrogated by a user.

Operating system. Computer programs that control computer hardware and take care of the
many details required to run and store programs.

Programming. The process of preparing a logical sequence of instructions that can be
followed by a computer.

Statements. Numbered instructions that follow specific requirements of a computer language.

Timesharing. A computer system that handles multiple users on an interactive basis.

INTRODUCTORY ASSIGNMENT

Objectives To become familiar with a CRT Terminal and RSTS/E system commands—
NEW, OLD, LIST, RUN, SAVE, CAT, REPLACE, UNSAVE.

2 Procedures for saving programs will vary with different systems.



Instructions

Introductory Assignments

Following are instructions that will provide you with practice in using some

system commands on the RSTS/E system. Print out those statements that have instructions
for producing a hard copy.

® N2

10.

1.
12.

13.

22.

. Type NEW XXX CR

CR stands for
carriage return

. LOG ON to the system — Use Local Procedures

(XXX are your initials)

. Type the following BASIC program:

10 PRINT ""THIS IS MY FIRST BASIC PROGRAM™

100 END

. Type LIST CR
. Type RUN CR
. Type RUNNH CR

Type SAVE CR

Type CAT CR

Type NEW TEST CR
Type LIST CR

Type LISTNH CR
Type OLD XXX CR

Type LIST CR

. Type 20 PRINT 727272777 CR
. Type LIST CR
. Type 20 PRINT "LLLLL™ CR

. Type LIST CR

. Type SAVE CR

. Type REPLACE CR
. Type CAT CR

(what is the purpose of LIST?)

(what is the purpose of RUN?)

(what is different about this command?)

(note that this saves your program for later use)
(what is the purpose of CAT?)

(TEST is the name of a program)

(Explain why the response to LIST is different
from #4 above)

(what is the function of NH?)

(remember XXX are your initials used in #2
above)

(explain why the response is different than #10
above)

(where the Z's stand for your name)

(has the program changed?)

(where the L's stand for only your last name)
(explain the change in your program)

(do you get an error message? Why?)

(this command stores and saves statement 20)

(notice what appears)

. Print your revised program XXX on the printer by switching on the print key on your

terminal and the power on switch on the slave printer.

Type LIST CR
RUN CR

Now switch off the terminal print key by depressing it; remove your output from the

printer.

Type UNSAVE XXX CR

(this erases your program from storage)
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PROBLEMS

o omoa oW

10.

23. Type CAT CR (explain what happens)

24. Log off system using BYE Y option. Notice how little CPU time you have used as op-
posed to how much elapsed time (wall clock time) you have used.

Note: See Appendix H for more details on using the RSTS SYSTEM.

Explain the purpose of statements in the BASIC language.

. What is the purpose of statement numbers? How should statement numbers be or-

ganized?

Why is BASIC used as a computer language?

. What is the key difference between a CRT and a printing terminal?

. What is the purpose of having a timesharing system?

Determine specific procedures you will need to follow to use the computer terminals
available to you.

Write (code) a program in BASIC that will compute and print the sum of the fol-
lowing values:

10 + 15 + 20

. Write additional statements for the program in problem 7 above that will produce

output as follows:
PROGRAM BY (your name)
TOTAL IS 45

If a terminal is available, try keying in and running the program you coded in prob-
lem 8.

Write a BASIC program to print a short autobiography; limit the length to no more
than 20 statements.



