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PREFACE

This manual contains a comprehensive description of the PDP-11
BASIC-PLUS language as implemented on the Resource-Sharing Time-
Sharing System, RSTS-11l. Information is organized for the benefit
of the beginning programmer, as it allows the reader to gradually

acquire increased programming capabilities.

A companion volume, the RSTS-11l System User's Guide, describes on-
line operation of the RSTS-11 system as well as various useful sys-
tem details.

The BASIC-PLUS language is an extension of BASIC! as originally
developed at Dartmouth College. The experienced BASIC programmer may
find the appendices sufficient for his use. However, BASIC-PLUS

offers many features not found in standard Dartmouth BASIC or any
other version of BASIC.

BASIC-PLUS incorporates the following special features:

1. Matrix Computations: a set of 13 commands is avail-
able for performing matrix computations.

2. Alphanumeric String Capabilities: alphabetic and/or
alphanumeric strings can be manipulated with the same
ease as numeric data. Individual characters within
these strings can be accessed by the user.

3. Program Control and Storage Facilities: facilities
are included for storing both programs and data on
any mass storage device (such as DECdisk or DECtape)
and later retrieving them for use during program
execution. Programs can be entered from the RSTS
terminal paper tape reader as well as from the high-
speed paper tape reader available on the computer.

Lack of data storage facilities has always hampered
BASIC from becoming as useful a language as, for
example, FORTRAN. With this ability and the ease of
learning the BASIC language, the new user has an ex-
tremely powerful tool at his command.

!BASIC is a registered trademark of the Trustees of Dartmouth College.
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Program Editing Facilities: an existing program can
be edited by adding or deleting lines, or renaming
the program. The user can combine two programs into
a single program and request the listing of a program,
either in whole or in part on his terminal or on a
line printer.

Formatting of Output: controlled formatting of pro-
gram output includes facilities for tabs, spaces,

and the printing of column headings, as well as pre-
cise specifications of the output line formatting and
floating dollar sign, asterisk fill, and comma inser-
tion in numeric output.

Immediate Mode of Operation: commands typed by the user
are immediately executed by BASIC-PLUS instead of being
stored for later execution.

Access to System Peripheral Equipment: the user pro-

gram is able to perform input and output with various

equipment, such as paper tape reader/punch, disk, DEC-
tape, industry-compatible magnetic tape, line printer,
and card reader. (Details on device operation can be

found in the RSTS-11 System User's Guide.)

Record I/0: language extensions provide a means of
handling records composed of fixed-length fields in
a highly efficient manner.

Documentation and Debugging Aids: the insertion of
remarks and comments within a program is simple in
this version of BASIC. Debugging of programs is
aided by the printing of meaningful diagnostic mes-
sages which pinpoint errors detected during the pro-
gram execution.
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SOFTWARE SUPPORT CATEGORIES

Digital Equipment Corporation (DEC) makes available four categories of software. These
categories reflect the types of support a customer may expect from DEC for a specified software
product. DEC reserves the right to change the category of a software product at any time.

The four categories are as follows:

CATEGORY |
Software Products Supported at no Charge

This classification includes current versions of monitors, programming languages, and
support programs provided by DEC. DEC will provide installation (when applicable), advisory,
and remedial support at no charge. These services are limited to original purchasers of DEC
computer systems who have the requisite DEC equipment and software products.

At the option of DEC, a software product may be recategorized from Category | to
Category 1l for a particular customer if the software product has been modified by the customer
or a third party.

CATEGORY 11
Software Products that Receive Support for a Fee

This category includes prior versions of Category | programs and all other programs avaii-
able from DEC for which support is given. Programming assistance (additional support), as
available, will be provided on these DEC programs and non-DEC programs when used in con-
junction with these DEC programs and equipment supplied by DEC .

CATEGORY 111
Pre-Release Software

DEC may elect to release certain software products to customers in order to facilitate
final testing and/or customer familiarization. In this event, DEC will limit the use of such
pre-release software to internal, non-competitive applications. Category 1l software is only
supported by DEC where this support is consistent with evaluation of the software product.
While DEC will be grateful for the reporting of any criticism and suggestions pertaining to a
pre-release, there exists no commitment to respond to these reports.

CATEGORY 1V
Non-Supported Software

This category includes all programs for which no support is given
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PART I

RSTS-~11 AND THE BASIC-PLUS LANGUAGE

This first Part describes the RSTS-11l system, its hardware and
user features, and the simplest.levei of the BASIC language. BASIC
as described here is essentially Dartmouth BASIC as originally
developed. Part II describes the extended capabilities of BASIC—
PLUS. As part of the introductory material, the reader will find
references to some of the extended capabilities. Part III describes
the complete range of BASIC-PLUS I/0, including record I/0 and

information on particular I/0O devices.

As a language, BASIC is easy to learn. BASIC-PLUS provides
many advanced features which allow BASIC to be a useful tool for
the more experienced programmer. BASIC does not, however, penal-
ize the beginhing user. Almoét any problem can be solved with the
statements available in Part I. The statements and features in
Parts II and III allow the user to write more efficient code to

better use machine time and core space.



CHAPTER 1

AN INTRODUCTION TO RSTS~11

In this manual, the RSTS-1l user need only be concerned with
the writing and execution of correct programs in the BASIC-PLUS
language. A description of the various RSTS-11 commands (NEW, OLD,
LIST, RUN, etc.) can be found in the RSTS-11 System User's Guide.

1.1 INTRODUCTION TO PROGRAMMING

For the benefit of the new programmer approaching his first com-

puting experience, there are four phases in programming a computer:

a. writing the computer program,

b. entering the program to the computing system,
c. testing and debugging the program, and

d. running the finished program.

BASIC-PLUS is the language in which the user writes programs de-
signed for the RSTS-11 system. Input of the completed program is
generally performed from the terminal keyboard on RSTS-11.

A program can be input through various peripheral devices, such as

the paper tape reader, magnetic tape, DECtape, or punched cards; how-
ever, the initial creation of a BASIC program is usually performed
on-line to the computer from the terminal keyboard.

Ideally a program runs correctly as written; but in practice
this is seldom the case. A program can contain simple typing mis-
takes or complex logical errors. Typing and syntactical errors are
detected as the program is typed at the keyboard and appropriate er-
ror messages are printed. BASIC-PLUS also evaluates the entire pro-
gram for commonly made errors and generates messages which explain
the mistakes to the user. Program errors are corrected on-line from
the terminal keyboard.

The testing and debugging process is continued until the program
appears to execute correctly. This is a good time to explain to the
new user that a computer program only does what the programmer has



written. The calculations performed by the computer are not necessar-
ily those that will produce the correct results. In order to obtain
correct results from a computer, the user must write a program which
is not only free of detectable errors, but one which correctly ana-

lyzes his problem.

RSTS-11 provides keyboard commands which enable the user not
only to create and execute his program but also to save the program
within the system for later retrieval and execution or modification.

This saving process is known as storing or filing the program.

1.2 INTRODUCTION TO TIME-SHARING

RSTS-11 is a time-sharing system. This means that when a user

is working with RSTS, he has the illusion that he is the only user on

the computer,

Many users can be on-line to RSTS at one time because RSTS con-
trols the scheduling of execution times. RSTS has one or more users
in core at one time. Users are brought into core from disk, allowed
to execute for a short time, and returned to disk. This process is
called swapping. RSTS takes note of the state at which execution

stops and is able to resume operation at that point.
1
Each user is allotted a block of core between 2K and 8K for stor-

age of his particular program. This block is swapped between core
and disk. If only one user job is active in the system at a given
time, that job is allowed to execute without interruption until

another program is ready.

1.3 THE BASIC-PLUS PROGRAMMING LANGUAGE
BASIC is one of the simplest of all programming languages because

of the small number of powerful but easily understood statements and
commands and its easy application to problem solving. The wide use
of BASIC in scientific, business, and educational installations at-
tests to its value and straightforward application. (For a bibliog-
raphy of texts on BASIC and other elementary computing texts, see

Appendix G.)

BASIC is similar to many other programming languages in various
respects but is especially suited for time-sharing because of its
conversational nature. A conversational language is one which allows
the user to communicate with the language processor by typing on the

terminal keyboard. BASIC responds by printing on the terminal,

1
The term "K" refers to 1§24 (decimal) words of storage in a computer
Hence, 2K=2f48 words and 8K=8192 words.

1-2



providing for an interactive man/machine relationship.

BASIC-PLUS contains both the elementary statements used to write
simple programs and many new advanced programming features and state-
ments to produce more complex and efficient programs. The key word
here is efficient. As the user progresses and gains programming ex-
perience, he will naturally find himself becoming more efficient and
able to use the more sophisticated data manipulations. Almost any
problem can be solved with the simple BASIC statements. Later in the

user's programming experience, the advanced techniques can be added.

1.4 CONVENTIONS USED IN THIS MANUAL

Certain documentation conventions are used throughout this manual
to clarify examples of BASIC syntax. Each BASIC statement is de-
scribed at least once in general terms using the following conven-

tions:

a. Items in italic type (formula, variable, etc.) are supplied
by the user according to rules explained in the text. Items
in capital letters (LET, IF, THEN, etc.) must appear exactly
as shown because they form the vocabulary of the BASIC language.

b. The term line number used in examples indicates that any
line number is valid.

c. Angle brackets indicate essential elements of the statement
or command being described. For example:

line number{LET}<variable> = <expression>
d. Square brackets indicate a choice of one element among two

Or more possibilities. For example:

THEN <statement>
line number IF <expression> | THEN <line number>
GOTO <Iline number>

e. Braces indicate an optional statement element or a choice
of one element among two or more optional elements:

THEN <statement> {ELSE <statement> |
line number IF <expression> THEN <line number>|' ELSE <line number>
GOTO <line number>

The use of some terms in this document may be unfamiliar to the
new user. The following definitions and explanations are valid
throughout this manual:

a. BASIC prints on the teleprinter whereas the user types
on the keyboard.



b. A statement is a single BASIC language instruction. Each
BASIC program line is preceded by a line number and termi-
nated by the RETURN key. A program line may contain a
single statement or several statements separated by colons
(see Section 2.3.1).

c. Commands cause BASIC to perform some operation im-
mediately and are not preceded by a line number.

A command is terminated by typing the RETURN key.

d. A user program consists of a series of statements
written by a person using the BASIC-PLUS language.

e. The RSTS-11 terminal is in most cases an ASR-33
Teletype'. However, RSTS-11 can accommodate a wide
variety of other terminals such as a DECwriter or
VT@5 display. The RSTS-11 user terminal is alter-
natively referred to as terminal, teleprinter, or
keyboard, depending upon whether a part or the
whole device is indicated. The use of terminals
and other peripheral devices is described in the
RSTS-11 System User's Guide.

f. The term BASIC is used interchangeably to indicate
the BASIC language and the BASIC Interpreter (the
system program which accepts and executes BASIC
programs) .

1 Teletype is a registered trademark of the Teletype Corporation.



CHAPTER 2

FUNDAMENTALS OF PROGRAMMING IN BASIC-PLUS

2.1 EXAMPLE BASIC PROGRAM

The program in Figure 2.1 is an example of a user program writ-
ten in the BASIC-PLUS language. It illustrates the syntaf‘and ele-
ments of the language as well as standard formatting of statements

and the appearance of terminal output.

The user program (the lines numbered 10 through 200) may at this
time mean little, although the remark in the first line (line 10)
and the printed results (following the word RUNNH) show that the pro-

gram computes interest payments.

A user program is composed of lines of statements containing
instructions to BASIC. Each line of the program begins with a line
number that serves to identify that line as a statement and to in-
dicate the order in which statements are to be evaluated for execution.
Each statement starts with a word specifying the type of operation to

be performed.

2.2 LINE NUMBERS

Each BASIC program line is preceded by a line number. Line
numbers:

a. indicate the order in which statements are normally
evaluated;

b. enable the normal order of evaluation to be changed;
that is, the execution of the program can branch or
loop through designated statements (this is explained
further in the sections on the GOTO, GOSUB, and
IF~-THEN statements in Chapter 3); and

c. enhance program debugging by permitting modification
of any specified line without affecting any other
portion of the program.

Line numbers are in the range 1 to 32767. BASIC maintains pro-
grams in line number sequence, rather than the order in which lines
are entered to the system. It is good programming practice to num-
ber lines in increments of 5 or 10 when first writing a program, to
allow for insertion of forgotten or additional lines when debugging
the program.

!The syntax of a language is the collection of rules governing the
combination of language elements.

2-1



LISTNH

10
20
36
40
50
6@
70
g8a
S3
100
110
120
139
148
152
160

178
188
156
200

REMARK - THIS PROGRAM COMPUTES INTEREST PAYMENTS

INPUT "INTEREST IN PERCENT" ;J

LET J=J/188

INPUT "AMOUNT OF LOAN"; A

INPUT "NUMBER OF YEARS™; N

INPUT "NUMBER OF PAYMENTS PER YEAR"; M

LET Nz=N*M: I =J/M: B=l+]

LET R-AXxI/(Cl-1/BtN)

PRINT

PRINT ™ AMOUNT PER PAYMENT ="

PRINT " TOTAL INTEREST ="

PRINT

LET B=A

PRINT "INTEREST APP TO PRIN BALANCE OF PRIN"

LET L=Bxl: P=R-L: B=B~P

PRINT INT(L*10t2+,5)/108t2, INT(P*x18t2+,5)/1012,
INT(B%1212+.5)/71012

IF B>=R GOTO 158

PRINT INTC((B*I)%1812+,5)/18t2, INT((R-B*I)*1812+,5)/10812

PRINT "LAST PAYMENT =" INT((B*I+B)*1012+,5)/10812

END

s INT(Rx1@812+,5)/1812
¢t INTC(RkN=-A)*10124+,5)/1812

READY

RUNNH

INTEREST IN PERCENT? 7.5
AMOUNT OF LOAN? 2588

NUMBER OF YEARS? 2

NUMBER OF PAYMENTS PER YEAR? 4

AMOUNT PER PAYMENT = 339.44
TOTAL INTEREST = 215,51
INTEREST APP TO PRIN BALANCE OF PRIN
46.88 292.56 2207.44
41,39 298.85 1989,39
35.8 383,64 1685,75
38.11 309.33 1296,42
24,31 315,13 581,28
18.4 321,84 660.24
12,38 327.86 333.18
§.25 333.19

LAST PAYMENT = 339.43

READY

Figure 2-1

Example BASIC Program



When a program is executed (with the use of the RUN command),
the BASIC processor evaluates the statements in the order of their
line numbers, starting with the smallest line number and going to the
largest.

2.3 STATEMENTS

Each line number is followed by a BASIC statement. The first
word of a BASIC statement identifies the type of statement and informs
BASIC of the operation to be performed and how to treat the data
(if any) which follows the word.

2.3.1 Multiple Statements on a Single Line

More than one statement can be written on a single line as long
as each statement (except the last) is terminated with a colon. Thus
only the first statement on a line can (and must) have a line number.
For example:

13 INPUT A»RB,C

is a single statement line, while:
20 LET X=X+1: PRINT X»Y,Z: IF Y=2 GOTO 14

is a multiple-statement line containing three statements: a LET, a
PRINT, and an IF-GOTO statement.

Any statement can be used anywhére in a multiple-statement line
except as noted in the discussion of the individual statements.

2.3.2 A Single Statement on Multiple Lines

A single statement can be continued on successive lines of the
program. To indicate that a statement is to be continued, the line
is terminated with the LINE FEED key instead of the RETURN key. The
LINE FEED performs a carriage return/line feed operation on the ter-
minal and the line to be continued does not contain a line number.
For example:

18 LET J7=C7=X4%x3)%(7=A/
(A-B)=-17)

where the first line was terminated with the LINE FEED key is equiva-
lent to:
13 LET W7=C9-Xa4x3)%(Z=L/C(LA-BY)=17)

Note that the LINE FEED key does not cause a printed character to
appear on the page.

The length of a multiple-line statement is limited to 255 charac-

ters. 2-3



Where the LINE FEED key is used, it must occur between the ele-
ments of a BASIC statement. That is, a BASIC verb or the designation
of a subscripted array element (see Section 3.6.2), for example,
cannot be broken with a LINE FEED.

16 IF Al=8
THEN 180

is acceptable where a LINE FEED follows f#, but:

1A IF Al=0 TH
EN 127
ILLEGAL IF STATEMENT AT LINE 19

is not acceptable nor is:

IF A
1= THEN 169
ILLF3AL CONDITIONAL CLAUSE

nor is:

16 IF Al=0 THEN 1
IeYs

¥OPIFIFE EFROR AT LINE 10

and each illegal form will generate an error message.

2.4 SPACES AND TABS

Spaces can be used freely throughout the program to make state-

ments easier to read. For example:

14 LET R = D¥2+1

instead of:

17LETB=D*k2+1
or

1 1, ETR = D ¥ 2+l

The above statements are identical in effect.

TABS, like spaces, are used to make a program easy to read.
An example follows:



19 FOR K=1 TO 3

20 FOR I=1 TO 19

30 FOR J=1 TO 19

40 ACI,Jd) = K/ZC(I+Jd=1)+AC1,d)
54 NEXT J

63 NEXT I

73 NEXT K

2.5 EXPRESSIONS
An expression is a group of symbols which can be evaluated by
BASIC. Expressions are composed of numbers, variables, functions, or

a combination of the preceding separated by arithmetic or relational
operators.

The following are examples of expressions acceptable to BASIC-
PLUS:

Arithmetic Expressions Logical Expressions
4 X<Y
A7* (B+2+1) ((A>B) OR (C=D)) AND A/E<>(C,D

Not all kinds of expressions can be used in all statements, as is cx-
plained in the sections describing the individual statements. In i
following sections the reader is introduced to the elements which

compose BASIC expressions.

2.5.1 Numbers

Numbers, called numeric constants because they retain a constant
value throughout a program, can be positive or negative. Appendix F
explains the integer and floating-point number formats. Numeric

constants are written using decimal notation, as follows:

+2
-3.675
1234.56
-123456
-.geppa1

The following are not acceptable numeric constants in BASIC:

Wi
=S
~



However, BASIC can find the decimal expansion of those two mathemati-

cal formulas as shown below:

is expressed as 14/3

w|+=
o

V7 1is expressed as SQR(7)

These formats are explained in later sections.

Scientific notation allows further flexibility in number
representation. Numeric constants can be written using the

letter E to indicate "times ten to the power," thus:

.99@123456 can be written in BASIC as 123.456E-6
1234560040. can be written in BASIC as 123456E4
~-1234567890947. can be written in BASIC as =-1.2345679El¢

The E format representation of numbers is wvery flexible since a number
such as .00l can be written as 1E-3, .01lE-1, 100E-5, or any number of
ways. If more than six digits are generated during any computation,
the result of that computation is automatically printed in E format.
(If the exponent is negative, a minus sign is printed after the E;

if the exponent is positive, a space is printed: 1E-§4; 1E g4.)

The combination E7, however, is not a constant, but a variable.

The term 1E7 is used to indicate that 1 is multiplied by 107.

The range of floating-point numbers is (approximately) as follows:

X=g or in the range 10“38 < ABS(X) < 10+38

2.5.2 Variables

A variable is a data item whose value can be changed by the
program. A numeric variable is denoted by a single letter or by a
letter followed by a single digit. Thus BASIC interprets E8 as a
variable, along with A, X, N5, L@, and O0l. (Subscripted, integer, and

character string variables are described in later sections.)

Variables are assigned values by LET, INPUT, and READ statements.
The value assigned to a variable does not change until the next time

a LET. INPUT or READ statement is encountered that contains a new



value for that variable or when the variable is incremented by a FOR
statement. (These conditions are explained further in later sections.
All variables are set equal to zero (f) before program execution.

It is only necessary to assign a value to a variable when an initial
value other than zero is required. However, good programming prac-
tice would be to set variables equal to § wherever necessary. This

ensures that later changes or additions will not misinterpret values.

2.5.3 Mathematical Operators

BASIC automatically performs the mathematical operations of ad-
dition, subtraction, multiplication, division and exponentiation.
Formulas to be evaluated are represented in a format similar to stan-
dard mathematical notation. There are five arithmetic operators used

to write such formulas; they are as follows:

Operator Example Meaning
+ A+B Add B to A
- A-B Subtract B from A
* A*B Multiply A by B
A/B Divide A by B
4 A+B Calculate A to the B power, AB

BASIC-PLUS permits the operator ** in place of 4+ to denote the

exponentiation operation. For example:
A¥x*B

indicates the quantity A raised to the B power, AB. The ** operator
is included for compatibility with some other BASIC processors. The
symbol 4 is generally considered the BASIC symbol for exponentiation

and is used throughout this manual.

Unary plus and minus are also allowed, e.g. the - in -A+B or the
+ in +X-Y. Unary plus is ignored. Unary minus is treated as explained

below.

When more than one operation is to be performed in a single formu-
la, as is most often the case, rules are observed as to the precedence
of the above operators. The arithmetic operations are performed in

the following sequence, with (a) having the highest precedence:
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a. Any formula within parentheses is evaluated before the
parenthesized quantity is used in further computations.
Where parentheses are nested, as follows:

(A+(B* (D+2)))
the innermost parenthetical quantity is calculated first.

b. 1In the absence of parentheses in a formula, BASIC performs

operations as follows:

1. exponentiation

2, unary minus
3. multiplication and division
4, addition and subtraction

Thus, for example, -A+B with a unary minus, is a legal

expression and is the same as -(A4B). This implies that
-242 evaluates as -4. The one extension of this rule is
that the term A+-B is allowed and is evaluated as A% (-B).

c. 1In the absence of parentheses in a formula involving more
than one operation on the same level in (b) above, the
operations are performed left to right, in the order that
the formula is written. For example:

A/B/C is evaluated as (A/B)/C
A*B/C 1is evaluated as (A*B)/C
The expression A+B*C4D is evaluated as follows:
first, C is raised to the D power
second, the result of the first operation is multiplied by B
third, the result of the previous operation is added to A.

Parentheses are used to indicate any other order of evaluation. For
example, if it is the product of B and C that is to be raised to the

D power, the expression would look as follows:
A+ (B*C) 4D
If it is desired to multiply the quantity A+B by C to the D power:

(A+B) *C4D

The user is encouraged to use parentheses even where they are not
strictly required in order to make ~xpressions easier to read. Am-
biguities can exist only in the programmer's mind, the computer always

performs the operations as explained above.

2.5.4 Relational Symbols

Relational symbols are used in IF-THEN statements (see Section 3.5);
in conditional FOR loops (see Section 8.6); and in IF, UNLESS, WHILE
and UNTIL clauses (see Sections 3.5, 8.5, and 8.7) where it is neces-
sary to compare values. The relational symbols are as follows (where

A and B are variables or expressions):



Mathematical BASIC

Symbol Symbol Example Meaning
= = A=B A is equal to B
< < A<B A is less than B
< <= A<=B A is less than or equal to B
> > A>B A is greater than B
> >= A>=B A is greater than or equal to B
# <> A<>B A is not equal to B
x == ==B A is approximately equal to B.

The term "approximately equal to" means that the two quantities

look the same when printed. Within the computer, floating-point
numbers can differ by a miniscule amount in the last decimal place
but still be considered equal for all practical purposes. This last
decimal place within the computer does not always cause two numbers

to have a different value when printed. Numbers are carried inter-
nally at greater than 6 digits of precision, but are rounded to 6
digits for output or a ¥ comparison. Thus, two numbers identical
when rounded to 6 digits of precision are approximately equal, whereas
two numbers equal to the internally carried limits of precision are

truly equal (=).

2.5.5 Logical Operators

Logical operators are used in IF-THEN and such statements (see
Section 3.5) where some condition is used to determine subsequent
operations within the user program. The logical operators are as

follows (where A and B are relational expressions):

Operator Example Meaning
NOT NOT A The logical negative of A. If A is true,

NOT A is false.

AND A AND B The logical product of A and B. A AND B has
the value true only if A and B are both true
and has the value false if either A or B is
false.

OR A OR B The logical sum of A and B. A OR B has the
value true if either A or B is true and has
the value false only if both A and B are
false.

XOR A XOR B The logical exclusive OR of A and B. A XOR B
is true if either A or B is true but
not both, and false otherwise.



IMP

EQV

A IMP B

A EQV B

The logical implication of A and B. A IMP
B is false if and only if A is true and B is
false; otherwise the value is true.

A is logically equivalent to B. A EQV B has
the value TRUE if A and B are both true or
both false, and has the value false otherwise.

The following tables are called truth tables and describe graphi-

cally the results of the above logical operations with both A and B

given for every possible combination of values. In logical operations,

the only possible values a term can have are true and false (T and F).

A AND B

T T I b

H A4 = 4w

L e B |

A XOR B

Lo I I I I [

m A3 9 3]

L I I |

A IMP B

L I T = I

" o3 1" 3 |W

H 3 M9

A B |A OR B
T T T
T F T
F T T
F F F
A B |aAEQU B
T T T
T F F
F T F
F F T

A NOT A

=
]




CHAPTER 3

ELEMENTARY BASIC STATEMENTS

This Chapter describes the simplest forms of the more elementary
BASIC statements. These statements are sufficient, by themselves, for
the solution of most problems. Once these statements are mastered,
the user can investigate the more advanced applications of these state-
ments and the additional statements and features explained in Parts
ITI and III.

The reader should understand that any problem which can be
solved with the more advanced techniques can also be solved with the
simpler statements, although the solution may not be as efficient.
As long as the user understands the details of his problem he can
represent it in BASIC on a number of levels ranging from the simple
to the sophisticated.

3.1 REMARKS AND COMMENTS
It is often desirable to insert notes and messages within a user

program. Such data as the name and purpose of the program, how to
use it, how certain parts of the program work, and expected results at
various points are useful things to have present in the program for

ready reference by anyone using that program.
There are two ways of inserting comments into a user program:

a. the REMARK statement, and

b. use of the exclamation mark (!)

The word REMARK can be abbreviated to REM for typing convenience,
and the message itself can contain any printing characters on the key-
board. BASIC completely ignores anything on a line following the let-
ters REM. (The line number of a REM statement can be used in a GOTO
or GOSUB statement, see Sections 3.4 and 3.8.1, as the destination of

a jump in program execution.) Typical REM statements are shown below:

13 REM = THIS PROGRAM COMPUTES THE
11 REM = ROOTS OF A QUADRATIC ER/IJATION

The exclamation mark is normally used to terminate the executable
part of a line and begin the comment part of the line. The ! character
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can also begin the line, in which case the entire line is treated as a
comment. For example:

125 LET A=2+4*%SOQR(C) !SET A EQUAL TOU INITIAL VALUE

139 PRINT A/2+1 'PRINT SECOND CALCULATED VALUE

14 VCOMMENT

in every statement other than the DATA statement, BASIC ignores every-
thing on the line following the exclamation mark. An exclamation mark
must not appear on the same line as a DATA statement unless it is part
of an item in the DATA statement. (Tabs are useful for inserting space

between the statement and comment parts of a line to improve readability.)

Messages in REMARK statements are generally called remarks, those
after the exclamation mark, comments. Remarks and comments are printed

when the user program is listed but do not affect program execution.

The lines below indicate three ways of putting the same remark on
two lines. Lines 10 and 11 are REM statements. Line 20 is one REM
statement broken into two lines with the LINE FEED key. Line 30 is
one comment (begun with a !) and broken into two lines with the LINE
FEED key.

1% REM THIS PROGRAM COMPUTES THE
11 REM RIOTS OF A QUADRATIC EQUATION

20 REM THIS PROJGRAM COMPUTES THE
ROOTS OF A QUADRATIC EQUATION

30 ! THIS PROGRAM COMPUTES THF
ROOTS OF A QUADRATIC ERUATION

3.2 LET STATEMENT
The LET statement assigns a numeric value to a variable. Each

LET statement is of the form:

line number{LET}<variable>=<expression>

This statement does not indicate algebraic equality, but performs the
calculations within the expression (if any) and assigns the numeric
value to the indicated variable. For example:

12 LET X=X+1

26 LET ¥2=(A4-X13)*%(Z~A/B)
In line 10, the old value of X is increased by one and becomes the new
value of X. 1In line 20, the formula on the right hand side is evalu-

ated and the numeric value assigned to W2.
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The LET statement can be a simple numerical assignment, such as

50 LET A=35

or require the evaluation of a formula so long that it is continued on

the next line (see Section 2.3.2).

BASIC-PLUS allows the user to completely omit the word LET from
the LET statement. The user may find it easier to type:

1 X=12%(S+7)
than
18 LET X=12%(S+7)

This is a convenience and does not alter the effect of the statement.
The LET statement can be used anywhere in a multiple statement
line, for example:
10 X=442 ¥Y=X12+Y1: B2=3+.5%4A

The LET statement allows the user to assign a value to multiple

variables in the same statement. For example:
16 LET Xs5YsZ = S5e7

causes each of the three variables to be set equal to 5.7.

3.3 PROGRAMMED INPUT AND OUTPUT

This Section describes the techniques used in performing BASIC
program I/0 (an abbreviation for the term Input/Qutput which includes
the processes by which data is brought into and sent out of the computer) .
The most elementary forms of the PRINT, INPUT, READ, and DATA statements
are presented here so that the user is able to create simple BASIC
programs.,

Using the LET statement, already described, and the following
executable statements, the user can easily write a BASIC programn,
If he should want to try his program, these simple I/O statements
provide a means of obtaining tangible output.

More advanced I/0 techniques are described in Part III.



3.3.1 READ, DATA, and RESTORE Statements

READ and DATA statements are used to enter information into the
user program during execution. A READ statement is used to assign to
the listed variables those values which are obtained from a DATA state-
ment. Neither statement is used without the other.

A READ statement is of the form:

line number READ <variable list>

A DATA statement is of the form:

line number DATA <value list>

A READ statement causes the variables listed to be assigned se-
quential values in the collection of DATA statements. Before the
program is run, BASIC takes all DATA statements in the order they
appear and creates a data block. Each time a READ statement is
encountered in the program, the data block supplies the next value.
If the data block runs out of data, the program is assumed to be fin-
ished and an OUT OF DATA message is printed by BASIC.

READ and DATA statements appear as follows:

156 READ XsoYsZsX15Y2,09
337 DATA 452517
340 DATL €el3LE-3, =1vL£4321s 31415927

Note that only numbers are used in this particular DATA statement.
(Input of string data is treated in Section 5.3.) The assignments
performed by line 15§ are as follows:

[N
nun

4
2
1.7
X1=6.734E3
Y2=-174.321
Q9=3.1415927

Since data must be read before it can be used in a program, READ
statements normally occur near the beginning of a program. The loca-
tion of DATA statements is arbitrary, as long as they occur in the

correct order. A good practice is to collect all DATA statements



near the end of the program. A DATA statement must be the only state-
ment or the last statement on a line, while a READ statement can be

placed anywhere in a multiple statement line.

NOTE

Comments are not permitted at the end of
a DATA statement.

If it should become necessary to use the same data more than
once in a program, the RESTORE statement makes it possible to recycle
through the complete set of DATA statements in that program, beginning
with the lowest numbered DATA statement. The RESTORE statement is of
the form:

line number RESTORE
For example:

30 RESTORE

causes the next READ statement following line 3§ to begin reading data
from the first DATA statement in the program, regardless of where the

last data value was found.

The same variable names can be used the second time through the
data or not, as is most convenient, since the values are being read
as though for the first time. 1In order to skip unwanted values, dummy
variables must be read. In the following example, BASIC prints:

4 1 2 3

on the last line because it did not skip the value for the original
N when it executed the loop beginning at line 45.

LISTNH

12 REM PROGRAM TO ILLUSTRATE USE OF RESTORE
15 READ N: PRINT "VALUES OF X ARE:"

28 FOR I=! TO N: READ X: PRINT X,

25 NEXT 1

3@ RESTORE

35 PRINT: PRINT "SECOND LIST OF X VALUES"
48 PRINT "FOLLOWING RESTORE STATEMENT:"

45 FOR I=1 TO N: READ X: PRINT X,

56 NEXT 1

60 DATA 4,1,2

70 DATA 3,4

88 END

READY

RUNNH

VALUES OF X ARE:

I 2 3 4
SECOND LIST OF X VALUES
FOLLOWING RESTORE STATEMENT:

4 1 2 3
READY



When reading a BASIC program from the terminal paper tape reader
often the last line read is the READY printed by BASIC when the pro-
gram was listed (and punched on the tape at the same time). BASIC
interprets this as a READ Y command (in immediate mode) and, if there

are no DATA statements in the program, gives an "OUT OF DATA" message.

3.3.2 PRINT Statement

The PRINT statement is used to output data onto the terminal

teleprinter. The general format of the PRINT statement is:
line number PRINT {list}

where the list can contain expressions, text strings, or both. As
the braces indicate, the list is optional. Used alone, the PRINT

statement:

25 PRINT

causes a blank line to be printed on the teleprinter (a carriage

return/line feed operation is performed).

PRINT statements can be used to perform calculations and print
results. Any expression within the list is evaluated before a value
is printed. Consider the following program:

LISTNH
18 LET Azl: LET B=2: LET C=3+A
2@ PRINT
38 PRINT A+B+C
READY
RUNNH
7

READY
All numbers are printed in the form:

space
E p- ] <number> <space>

The PRINT statement can be used anywhere in a multiple statement

line. For example:
189 Azl: PRINT A: A=A+5: PRINT: PRINT A

would cause the following to be printed on the terminal when executed:

RUNNH
1

§
READY



Notice that the teleprinter performs a carriage return/line feed at the
end of each PRINT statement. Thus the first PRINT statement causes a 1
and a carriage return/line feed, the second PRINT statement is respon-
sible for the blank line, and the third PRINT statement causes a 6 and

another carriage return/line feed to be output.

BASIC considers the terminal printer to be divided into five zones
of fourteen spaces each'. When an item in a PRINT statement is followed
by a comma, the next value to be printed appears in the next available
print zone. For example:

18 LET A=3: LET B=2
2¢ PRINT A,B,A+B,A*B,A-B,B-A

When the preceding lines are executed, the following is printed:

3 2 5 () 1
-1
Notice that the sixth element in the PRINT list is printed as the
first entry on a new line, since a 72-character line has five print zones.

Two commas together in a PRINT statement cause a print zone to be
skipped. For example:
LISTNH

18 LET A=zl: LET B=2
20 PRINT A,B,,A+B

REARY

RUNNH
1 2 3

READY

If the last item in a PRINT statement is followed by a comma, no
carriage return/line feed is output, and the next value to be printed
(by a later PRINT statement) appears in the next available print zone.
For example:

LISTNH

18 Az1:B=2:C=3
20 PRINT A,:PRINT B: PRINT C

READY
RUNNH

1 2
3

READY

fTerminals with greater than 83 columns have additional print zones
in units of fourteen spaces.
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If a tighter packing of printed values is desired, the semicolon
character can be used in place of the comma. A semicolon causes no
further spaces to be output. A comma causes the print head to move
at least one space to the next print zone or possibly perform a car-
riage return/line feed. The following example shows the effects of
the semicolon and comma.

LISTNH

18 LET A=zl: B=2: C=3
28 PRINT A;:B;C;

3¢ PRINT A+13B+13C+l
4¢ PRINT A,B,C

READY

RUNNH
1 2 3 2 3 4
1 2 3

READY

The PRINT statement can be used to print a message, either alone
or together with the evaluation and printing of numeric values. Charac-
ters are indicated for printing by enclosing them in single or double
quotation marks (therefore each type of quotation mark can only be
printed if surrounded by the other type of guotation mark). For

example:

LISTNH
12 PRINT "TIME'S UP"
2@ PRINT '"NEVERMORE™®

READY

RUNNH
TIME'S UP
"NEVERMORE"

READY

As another example, consider the following line:

40 PRINT "AVERAGE GRADE IS";X

which prints the following (where X is equal to 83.4):

AVERAGE GRADE IS 83.4

When a character string is printed, only the characters between
the quotes appear; no leading or trailing spaces are added. Leading
and trailing spaces can be added within the guotation marks using the
keyboard space bar; spaces appear in the printout exactly as they are
typed within the quotation marks.
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When a comma separates a text string from another PRINT list item,
the item is printed at the beginning of the next available print zone.
Semicolons separating text strings from other items are ignored. Thus,

the previous example could be expressed as:

47 PRINT '"AVERAGE GRADE IS" X

and the same printout would result. A comma or semicolon appearing
as the last item of a PRINT list always suppresses the carriage re-

turn/line feed operation.

The following example demonstrates the use of the formatting

characters, and ; with text strings:

127 PRINT “STUDENT NIJMBER'"X,'"GRADE ='"G;"AVE. ="A3;
13% PRINT "NOC. IN CLASS ="N

could cause the following to be printed (assuming calculations were
done prior to line 130):

STIJDENT NUMBER 119058 GRADE = 87 AVE. = 85.44 NO. IN CLASS = 26

3.3.3 INPUT Statement

The second way to input data to a program is with an INPUT state-
ment. This statement is used when writing a program to process data
to be supplied while the program is running. During execution, the
programmer can type values as the computer asks for them. (Non-
terminal INPUT is described in Part III.) Depending upon how many
values are to be accepted by the INPUT command, the programmer may
wish to send himself a message reminding him what data is to be
typed at what time (this can be done with the PRINT or INPUT statement).

The INPUT statement is of the form:
line number INPUT <list>
For example:

13 INPYJT A,R,C

causes the computer to pause during execution, print a question mark,

and wait for the user to type three numeric values separated by

commas. The values typed are entered to the computer by typing the
RETURN key or the ESCAPE key (ESC on some terminals, ALT MODE on others).



In the example program following, four questions are asked at
execution time: INTEREST IN PERCENT?, AMOUNT OF LOAN?, NUMBER OF
YEARS?, and NO. OF PAYMENTS PER YEAR?. The programmer knows which
value is requested and proceeds to type and enter the appropriate

value.

LISTNH

12 REM PROGRAM TO COMPUTE INTEREST PAYMENTS
15 INPUT "INTEREST IN PERCENT"; J

26 LET J=J/1@@

25 INPUT "AMOUNT OF LOAN";: A

32 INPUT "NUMBER OF YEARS™; N

35 INPUT "NO., OF PAYMENTS PER YEAR"; M

49 N=N*M: 1=J/M: B=1+I: R=A*I/C1-1/BtN)

45 PRINT: PRINT "AMOUNT PER PAYMENT ="3R

5¢ PRINT " TOTAL INTEREST =" sREN-A

55 PRINT: B:=A

68 PRINT "INTEREST APP TO PRIN BALANCE OF PRIN"
65 L=BxI: P=R-L: B=B-P

§7 PRINT L,P,E

7¢ IF B>zR GOTO 65

75 PRINT BxI,R-Bxl

8% PRINT "1AST PAYMENT WAS "B*I+B

85 END

READY

RUNNH

INTEREST IN PERCENT? S
AMOUNT OF LOAN? 2520

NUMBER OF YEARS? 2

NO. OF PAYMENTS PER YEAR? 4

AMOUNT PER PAYMENT = 344,96l
TOTAL INTEREST : 259,688

INTEREST APP TO PRIN BALANCE OF PRIN

56.25 288.711 2211.29
49,754 295.207 1916.08
43,1119 301,849 1614,23
36,3202 388,641 1385.59
29,3758 315,585 590.0887
22,2752 322,686 667.321
15.2147 329,946 337.375
7.59893 337.37

LAST PAYMENT WAS 344,966
READY



As in the previous program, the question mark generated by BASIC
is grammatically useful if a printed question is to prompt the typing
of the input values.

The output for the program begins after the word RUNNH and in-
cludes a verbal description of the numbers. This verbal description
on the output is optional with the programmer, although it has a def-
inite advantage in ease of use and understanding.

When the correct number of variables have been typed in answer
to the printed ? character, type the RETURN key to enter the values to
the computer. If too few values are listed, the computer prints
another ? to indicate that more data is requested. If too many values
are typed, the excess data on that line is ignored.

Messages to be printed at execution time can be inserted within
the INPUT statement itself. The message is set off by single or dou-
ble quotes from the other arguments of the INPUT statement. For example

10 INPUT '""YOUR AGE IS ";A

is equivalent to

13 PRINT "YOUR AGE 1S "3
20 INPUT A

The use of the comma or semicolon character (or no character) to
separate a character string to be printed from input variable names is
analogous to the PRINT statement (see Section 3.3.2).

3.4 UNCONDITIONAL BRANCH, GOTO STATEMENT

The GOTO statement is used when it is desired to unconditionally

transfer to some line other than the next sequential line in the pro-
gram. In other words, a GOTO statement causes an immediate jump to a
specified line, out of the normal consecutive line number order of
execution. The general format of the statement is as follows:

line number GOTO <line number>

The line number to which the program jumps can be either greater than
or less than the current line number. It is thus possible to jump
forward or backward within a program.



Consider the following simple example:

18 LET A=2

28 GOTO 58

38 LET A=SQR(A+14)
58 PRINT A,A%A

When executed, the above lines cause the following to be printed:

2 4
When the program encounters line 20, control transfers to line 50;
line 50 is executed, control then continues to the line following line

50. Line 30 is never executed. Any number of lines can be skipped in

either direction.

When written as part of a multiple statement line, GOTO should
always be the last statement on the line, since any statement fol-
lowing the GOTO on the same line is never executed. For example:

11@ LET A=ATN(B2): PRINT A: GOTO 50

3.5 CONDITIONAL BRANCH, IF-THEN AND IF-GOTO STATEMENTS
The IF-THEN and IF-GOTO statements are used to transfer condition-

ally from the normal consecutive order of statement numbers, depending
upon the truth of some mathematical relation or relations. The basic

format of the IF statement is as follows:

THEN<statement>
line number IF <condition> THEN<line number>
GOTO<line number>

The specified condition is tested. If the relationship is found false,
then control is transferred to the statement following the IF state-
ment (the next sequentially numbered line). If the condition is true,
the statement following THEN is executed or control is transferred to
the line number given after THEN or GOTO. (An extension of this state-
ment, the IF-THEN-ELSE statement, is described in Section 8.5.)

3
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The deciding condition can be either a simple relational expres-
sion in which two mathematical expressions are separated by a rela-
tional operator, or a logical expression in which two relational or

logical expressions are separated by a logical operator. For example:

Relational Expression Logical Expression
A+2>B A>B AND B<=SQR(C)

Both types of condition, when evaluated, are either true or false; no
numeric value is associated with the results of an IF statement. The
relational and logical operators are described in Sections 2.5.4 and

2.5.5 and are presented in Appendix A for reference.
75 IF A%B>=B%(B+1) THEN LET D4=D4+1

In the above line the quantities A*B and B*(B+l) are compared. If the
first value is greater than or equal to the second value, the variable
D4 is incremented by 1. If B*(B+l) is greater than A*B, D4 is not incre-
mented and control passes immediately to the next line following line 75,

When a line number follows the word THEN, the IF-THEN statement
is the same as the IF-GOTO statement. The word THEN can be followed
by any BASIC statement, including another IF statement. For example:

25 IF A>B THEN IF B>C THEN PRINT ''A>B>C"
25 IF A>B AND B>C THEN PRINT "A>B>C"

The preceding two lines are logically equivalent and perform the fol-

lowing operation:
if B is both less than A and greater than C, the message
A>B>C

is printed, otherwise the line following line 25 is executed.

In the following example, the IF-GOTO statement in line 20 is
used to limit the value of the variable A in line 10. Execution of
the loop continues until the relationship A>4 is true, then immediately
branches to line 55 to end the program. (A program loop is a series
of statements which are written so that, when the statements have been
executed, control transfers to the beginning of the statements. This

process continues to occur until some terminal condition is reached.)
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LISTNH

18 LET A=A+1: X=At2

22 IF A>4 GOTO 55

25 PRINT X

3@ PRINT "VALUE OF A IS" A
48 GOTO 19

55 END

READY

when the above loop is executed, the following is printed:

RUNNH

V;LUE OF A IS |
V:LUE OF A IS 2
VzLUE OF A IS 3
VAEUE OF A IS 4

READY

(The novice BASIC programmer is advised to follow the operation of the

computer through these short example programs.)

In IF statements, the following priorities are associated with
each operator, in order to provide unambiguous evaluation of the con-

ditions specified (where a. has the highest priority):

a. expressions in parentheses

b. intrinsic or user-defined functions

c. exponentiation (+4)

d. unary minus (-), that is, a negative number or

variable such as -3, ~A, etc.
multiplication and division (* and /)

addition and subtraction (+ and -)

relational operators (=, <, <=, >, >=, ==, <>)
NOT

AND

OR and XOR

IMP

EQV

[ S S RO Lo SO B o N )

Within the operators indicated in any one group above, operations pro-

ceed from left to right.



Examples of IF-THEN statements follow:

12 IF A>B THEN 100 !SIMPLE COMPARISON
20 1IF A=B OR B=C THEN 200
3% IF A>B THEN A=-B 'ASSIGNMENT BY A LET STATEMENT

46 IF X>Y IMP Y>Z THEN PRINT "“QED"

An IF statement would normally be the last statement on a multiple
statement line (to avoid confusion); however, the following rules
govern the transfer path of the IF statement in other positions:

a. The physically last THEN clause is considered to be fol-
lowed by the next statement (or statements) on the line:

12 IF A=1 THEN PRINT A3;:PRINT "TRUE CASE": GOTO 2@
15 PRINT "NOT = 1"

where A#1, the following line is printed:
NOT =1

where A=1, the following line is printed:
1 TRIJE CASE

b. All other THEN clauses are considered to be followed
by the next line of the program:

20 IF A>B THEN IF B>C THEN PRINT "B>C": GOTO 390
25 PRINT '"A<=n"

Only in the case where "B>C" is printed is the state-
ment GOTO 3¢ seen and executed.

3.6 PROGRAM LOOPS

Loops were first mentioned in the section on the IF-THEN
and IF-GOTO statement. Programs frequently involve performing cer-
tain operations a specific number of times. This is a task for which
a computer is particularly well suited. With simple tasks, such as
computing a list of prime numbers between 1 and 1,000,000, a computer
can perform the operations and obtain correct results in a minimal
amount of time. To write a loop, the programmer must ensure that the
series of statements is repeated until a terminal condition is met.

Programs containing loops can be illustrated by using two ver-
sions of a program to print a table of the positive integers 1 through
100 together with the square root of each. Without a loop, the first
program is 101 lines long and reads:

18 PRINT 1, SQR(1)
22 PRINT 25 SQR(2)
33 PRINT 3, SQR(3)

990 PRINT 99, SQR(99)
1209 PRINT 129, S@R(100)
1210 END
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With the following program example, using a simple sort of loop,
the same table is obtained with fewer lines:

10 LET X=1

23 PRINT X»SQR(X)

30 LET X=X+1

43 IF X<=100 THEN 20
54 END

Statement 10 assigns a value of 1 to X, thus setting up the initial
conditions of the loop. In line 20, both 1 and its square root are
printed. In line 30, X is incremented by 1. Line 40 asks whether X
is still less than or equal to 100; if so, BASIC returns to print the
next value of X and its square root. This process is repeated until
the loop has been executed 100 times. After the number 100 and its
square root have been printed, X becomes 10l. The condition in line 40
is now false so control does not return to line 20, but goes to line 50
which ends the program.

All program loops have four characteristic parts:

a. initialization, the conditions which must exist for the
first execution of the loop (line 10 above);

b. the body of the loop in which the operation which is
to be repeated is performed (line 20 above);

c. modification, which alters some value and makes each
execution of the loop different from the one before
and the one after (line 30 above);

d. termination condition, an exit test which, when satisfied,
completes the loop (line 40 above)., Execution continues to
the program statements following the loop (line 50 above).

3.6.1 FOR and NEXT Statements
The FOR statement is of the form:

line number FOR <variable>=<expression> TO <expression> {STEP <expression>}

For example:

18 FOR K=2 TO 20 STEP 2

which causes program execution to cycle through the designated loop
using K as 2, 4, 6, 8,..., 20 in calculations involving K. When K=20,
the loop is left behind and the program control passes to the line fol-
lowing the associated NEXT statement. The variable in the FOR state-
ment, K in the preceding example, is known as the control variable.



The control variable must be unsubscripted, although a common use
of such loops is to deal with subscripted variables using the control
variable as the subscript of a previously defined variable (this is
explained in further detail in Section 3.6.2). The expressions in the
FOR statement can be any acceptable BASIC expression as defined in
Section 2.5.

The NEXT statement signals the end of the loop which began with
the FOR statement. The NEXT statement is of the form:

line number NEXT <variable>

where the variable is the same variable specified in the FOR statement.
Together the FOR and NEXT statements describe the boundaries of the
program loop. When execution encounters the NEXT statement, the com-
puter adds the STEP expression value to the variable and checks to see

if the variable is still less than or equal to the terminal expression
value. When the variable exceeds the terminal expression value, con-
trol falls through the loop to the statement following the NEXT statement.

If the STEP expression is omitted from the FOR statement, +1 is
the assumed value. Since +1 is a common STEP value, that portion of the
statement is frequently omitted.

The expressions within the FOR statement are evaluated once upon
initial entry to the loop. The test for completion of the loop is made
prior to each execution of the loop. (If the test fails initially, the
loop is never executed.)

The control variable can be modified within the loop. When control
falls through the loop, the control variable retains the last value used
within the loop.

The following is a demonstration of a simple FOR-NEXT loop. The
loop is executed 10 times; the value of I is 10 when control leaves the
loop; and +1 is the assumed STEP value:

16 FOR I=1 TO 19
200 PRINT 1

38 NEXT 1
40 PRINT 1

The loop itself is lines 10 through 30. The numbers 1 through 10 are
printed when the loop is executed. After I=10, control passes to line
40 which causes 10 to be printed again. If line 10 had been:

19 FOR1 = 1@ TO 1 STEP -1

the value printed by line 40 would be 1.



i# FOR 1 = 2 TO 44 STEP 2
20 LET I = 44
30 NEXT 1

The above loop is only executed once since the value of I=44 has been
reached and the termination condition is satisfied.

1f, however, the initial value of the variable is greater than
the terminal value, the loop is not executed at all. A statement
of the format:

1 FOR I = 2 TO 2 STEP 2

cannot be used to begin a loop, although a statement like the follow-

ing will initialize execution of a loop properly:
19 FOR 1=20 TO 2 STEP -2

For positive STEP values, the loop is executed until the control
variable is greater than its final value. For negative STEP values,
the loop continues until the control variable is less than its final

value.

FOR loops can be nested but not overlapped. The depth of nesting
depends upon the amount of user storage space available (in other
words, upon the size of the user program and the amount of core each
user has available). Nesting is a programming technique in which one
or more loops are completely within another loop. The field of one
loop (the numbered lines from the FOR statement to the corresponding

NEXT statement, inclusive) must not cross the field of another loop.

ACCEPTABLE NESTING UNACCEPTABLE NESTING
TECHNIQUES TECHNIQUES

Two Level Nesting

FOR Il = 1 TO 1¢ FOR I1 = 1 TO 1§
cFOR I2 = 1 TO 19 FOR I2 = 1 TO 14
NEXT I2 NEXT Il
CFOR I3 =1 TO 19 NEXT 12
NEXT I3
NEXT Il
Three Level Nesting
~= FOR Il = 1 TO 1§ FOR I1 = 1 TO 14
FOR I2 = 1 TO 1¢ FOR I2 = 1 TO 1§
FOR I3 = 1 TO 18 FOR I3 = 1 TO 19
NEXT I3 NEXT I3
FOR I4 = 1 TO 19 FOR I4 = 1 TO 19
NEXT I4 NEXT I4
NEXT I2 NEXT Il
— NEXT Il “—— NEXT I2
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An example of nested FOR-NEXT loops is shown below:

5 DIM X(S5,10>

18 FOR A=1 TO 5

26 FOR B=2 TO 10 STEP 2
30 LET X(AsB)= A+B

49 NEXT B

560 NEXT A

55 PRINT X(5,18)

Upon execution of the above statements, BASIC prints 15 when line

55 is processed.

It is possible to exit from a FOR-NEXT loop without the control
variable reaching the termination value. A conditional or uncondition-
al transfer can be used to leave a loop. Control can only transfer
into a loop which had been left earlier without being completed, en-

suring that termination and STEP values are assigned.

Both FOR and NEXT statements can appear anywhere in a multiple

statement line. For example:

1¢ FOR I=1 TO 10 STEP 5: NEXT I: PRINT "I=";I1

causes:

to be printed when executed.

Neither the FOR nor NEXT statement can be executed conditionally in
an IF statement. The following statements are incorrect:

15 IF I<>J THEN NEXT I
16 IF I=J THEN FOR I=1 TO J

3.6.2 Subscripted Variables and the DIM Statement

In addition to the simple variables which were described in
Chapter 2, BASIC allows the use of subscripted variables. Subscripted
variables provide the programmer with additional computing capabili-

ties for dealing with lists, tables, matrices, or any set of related
variables. In BASIC, variables are allowed one or two subscripts.

The name of a subscripted variable is any acceptable BASIC vari-
able name followed by one or two integer expressions in parentheses.

For example, a list might be described as A(I) where I goes from 1



to 5 as shown below (all matrices are created with a zero element,

even though that element is never specified):
A(g), A(1), A(2), A(3), A(4), A(5)
This allows the programmer to reference each of six elements in the

list, which can be considered a one dimensional algebraic matrix as

follows:

A(%)
A(l)
A(2)
A(3)
A(4)
A(5)

A two dimensional matrix B(I,J) can be defined in a similar man-

ner and graphically illustrated as follows:

B(g,9) | B, 1) | B2 | 3.3 / /[0
B(1,9) | B(1,1) | B(1,2) | B(1,3) / / B(1,J)
B(2,0) | B(2,1) B(2,2) B(2,3) | / / B(2,J)
B(3,9) B(3,1) B(3,2) B(3,3) B(3,J)

B(I,¢) | B(I,1) B(I,2) B(I,3) | >N—"I]\, B(I,J)

Subscripts used with subscripted variables throughout a program can

be explicitly stated or be any legal expression.

It is pdssible to use the same variable name as both a sub-
scripted and an unsubscripted variable. Both A and A(I) are valid
variables and can be used in the same program. However, BASIC does
not accept the same variable name as both a singly and a doubly sub-
scripted variable name in the same program (A(I) and A(I,f) would
refer to the same data item).

A dimension (DIM) statement is used to define the maximum
number of elements in a matrix. ("Matrix" is the general term
used in this manual to describe all the elements of a subscripted
variable.) The DIM statement is of the form:

3-20



line number DIM <variable (n)>,<variable(n,m)>,...

Where the variables specified are indicated with their maximum sub-

script value(s).

For example:

10 DIM X(5)» Y(4,2), AC10,10)
12 DIM 14C1088)

.Only integer values (such as 5 or 5070) can be used in DIM
statements to define the size of a matrix. Any number of matrices
can be defined in a single DIM statement as long as their

representations are separated by commas.

If a subscripted variable is used without appearing in a DIM
statement, it is assumed to be dimensioned to length 10 in each dimen-
sion (that is, having eleven elements in each dimension, @# through 1f).
However, all matrices should be correctly dimensioned in a program.
DIM statements are usually grouped together among the first lines of

a program.

The first element of every matrix is automatically assumed to
have a subscript of zero. Dimensioning A(6,10) sets up room for a
matrix with 7 rows and 11 columns. This zero element is illustrated

in the following program:

LISTNH

18 REM - MATRIX CHECK PROGRAM
20 DIM A(6,1@)

38 FOR I=0 TO 6

4¢ LET A(I,®) =1

5¢ FOR J=0 TO 189

68 LET A(@,J) = J

78 PRINT ACI,J);

88 NEXT J: PRINT: NEXT I

S€ END

READY
RUNNH

DAV EUCUN-=
e —
SN
Sevenaw
[ R R N K ~R ~J¥
[N N N -} ¥ RV
LR ~N ~N N N ~We,\
[~ ~N -N N ¥ ~N]
[ RN N N N ~Ne:]
(KN -~N N N “N¥
aeewew—

READY

Notice that a variable has a value of zero until it is assigned a

value.



If the user wishes to conserve core space he may make use of
the extra variables set up within the matrix. He could, for
example, say DIM A(5,9) to obtain a 6 x 10 matrix which would then
be referenced beginning with the A(#,8) element.

The size and number of matrices which can be defined depend

upon the amount of user storage space available.

Additional information on matrices can be found in Chapter 7.

A DIM statement can be placed anywhere in a multiple statement
line. A DIM statement can appear anywhere in the program and need
not appear prior to the first reference to an array, although DIM
statements are generally among the first statements of a program
to allow them to be easily found if any alterations are later

required.

3.7 MATHEMATICAL FUNCTIONS

Within the course of a user's programming experience, he
encounters many cases where relatively common mathematical operations
are performed. The results of these common operations can often be-
found in volumes of mathematical tables; i.e., sine, cosine, square
root, log, etc. Since it is this sort of operation that computers
perform with speed and accuracy, such operations are built into
BASIC. The user need never consult tables to obtain the value of
the sine of 23° or the natural log of 144. When such values are

to be used in an expression, intrinsic functions, such as:

SIN(23*PI/188)
LOG (144)

are substituted.

The various mathematical functions available in BASIC-PLUS
are detailed in Table 3.1.



Table 3.1

Mathematical Functions

Function
Code Meaning

ABS (X) returns the absolute value of X

SGN (X) returns the sign function of X, a value
of 1 preceded by the sign of X, SGN(g)=g

INT (X) returns the greatest integer in X which is
less than or equal to X, (INT(-.5)=-1)

FIX(X) returns the truncated value of X,
SGN (X) *INT (ABS (X)) , (FIX(-.5)=§)

COS (X) returns the cosine of X in radians

SIN(X) returns the sine of X in radians

TAN (X) returns the tangent of X in radians

ATN (X) returns the arctangent (in radians) of X

SQR (X) returns the square root of X

EXP (X) returns the value of etX, where e=2.71828...

LOG (X) returns the natural logarithm of X, log X

LOG1d (X) returns the common logarithm of X, loglgx

PI has a constant value of 3.1415927

RND (X) returns a random number between @ and 1;
the same sequence of random numbers is
generated each time a program is run
requiring the use of the random number
generator. The value of X is ignored.

RND alternate form for calling the random number

function.

Most of these functions are self-explanatory. Those which are

not are explained in the following section.

3.7.1 Examples of Particular Intrinsic Functions

Siyn Function, SGN(X)

The sign function returns the value +1 if X is a positive value,

g if X is §, and -1 if X is negative. For example: SGN (3.42) = 1,

SGN (-42) = -1, and SGN(23-23) = 4.
LISTNH
18 REM - SGN FUNCTION EXAMPLE
28 READ A,B

25 PRINT "A="A,"B:="D

3@ PRINT "SGN(A)="SGN(A),” SGN(B)="SGN (B)
48 PRINT "SGNCINT(A))="SGNC(INT(A))

58 DATA -7,32, .44

68 END

READY

RUNNH

A:-7.32
SGN(A)=-]
SGNCINT(A))=-1

B:- .44
SGN(B)= |

REABY



Integer Function, INT (X)

The integer function returns the value of the greatest integer
not greater than X. For example, INT(34.67) = 34. INT can be used
to round numbers to the nearest integer by asking for INT(X+.5). For
example, INT(34.67+.5) = 35. INT can also be used to round to any
given decimal place, by asking for

INT (X*1@4 D+.5)/1@%D

where D is the number of decimal places desired, as in the following

program:

LISTNH

10 REM~ INT FUNCTION EXAMPLE

20 PRINT "NUMBER TO BE ROUNDED";
38 INPUT A

4@ PRINT "NO, OF DECIMAL PLACES™;
56 INPUT D

68 LET B=INT(Ax1@tD+.5)/101D

7@ PRINT "A ROUNBED :="B

88 GO TO 24

9@ END

READY

RUNNH

NUMBER TO BE ROUNDED? 55,65342
NO, OF DECIMAL PLACES? 2

A ROUNDED = 55,65

NUMBER TO BE ROUNDED? 78.375
NO. OF DECIMAL PLACES? -2

A ROUNDED = la9

NUMBER TO BE ROUNBED? 67.89
NO. OF DECIMAL PLACES? -1

A ROUNBED = 78

NUMBER TO BE ROUNDEBR? tC

REARY

For negative numbers, the largest integer contained in the number
is a negative number with the same or a larger absolute value. For
example: INT(-23)= -23, but INT(-14.39) = -15.

NOTE

+C in the above program terminates
program execution. See the RSTS-1l
System User's Guide.




Random Number Function, RND (X)
The random number function produces a random number between 0 and

1. The numbers are reproducible in the same order for later checking
of a program. The argument X in the RND(X) function call can be any
number, 'as that value is ignored.

LISTNH

10 REM - RANBOM NUMBER EXAMPLE
25 PRINT "RANDOM NUMBERS”

32 FOR I=1 TO 3@

4@ PRINT RND(D),

58 NEXT 1

68 END

READY

RUNNH

RANDOM NUMBERS

771827 . 78183 «75174 «473969 «7181555E-1
«2083217 «5159 «266445 «955597 «335541
412872 0457367 «283508E~-1 «538025E-1 «8T6575E-1
921722 «921417 23308082 «185255 «534515
+259796 « 748138 «158665 « 178746 6568488
474213 .828888 785414 « 772491 286224

READY

In order to obtain random digits from 0 to 9, change line 40 to read:

48 PRINT INTCI@*RND()),

and tell BASIC to run the program again. This time the results are:

RUNNH
RANBOM NUMBERS

7 7 4 )
2 5 2 9 3
4 4 e g g
S S 2 | 5
2 7 | | 6
4 8 7 1 2
READY

It is possible to generate random numbers over any range. For exam-~
ple, if the range (A,B) is desired, use:

(B=A) *RND (@) +A

to produce a random number in the range A<n<B.



Since the parameter X in RND(X) is ignored, there is an alternate
means of calling the random number generator having no arguments: RND.
The following line is, therefore, acceptable:

468 PRINT RND»
similarly, if a number in the range (A,B) is desired, the formula:

(B-A) *RND+A

can be used.

3.7.2 RANDOMIZE Statement
The RANDOMIZE statement is written as follows:

line number RANDOMIZE

or, alternatively:

line number RANDOM

I1f the random number generator is to calculate different random
numbers every time a program is run, the RANDOMIZE statement is used.
RANDOMIZE is placed before the first use of random numbers (the RND
function) in the program. When executed, RANDOMIZE causes the RND
function to choose a random starting value, so that the same program
run twice gives different results. For this reason, it is a good
practice to debug a program completely before inserting the RANDOMIZE

statement.

To demonstrate the effect of the RANDOMIZE statement on two runs
of the same program, we insert the RANDOMIZE statement as statement 15
in the following program:
LISTNH
15 RANPOMIZE

20 FOR I=1 TO 5
25 PRINT “"VALUE™ I " IS™ RNN(@)

38 NEXT 1

35 END

READY

RUNNH

VALUE 1| IS .797943
VALUE 2 IS .380879
VALUE 3 1S .6189588
VALUE 4 1S .13214l1E-!
VALUE 5 IS .5@8392
READY
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RUNNH
VALUE 1 IS ,2730841
VALUE 2 IS ,225372

VALUE 3 IS .894867
VALUE 4 1S .348851

VALUE 5 IS .591383
READY

The output from each run is different.

3.7.3 User-Defined Functions

In some programs it may be necessary to execute the same sequence
of statements or mathematical formulas in several different places.
BASIC allows the programmer to define his own functions and call these
functions in the same way he would call the square root or trig
functions.

These user-defined functions consist of a function name: the
first two letters of which are FN followed by any valid variable name.
For example:

FNA
FNAl

The function is defined once at the beginning of the program be-
fore its first use. The defining or DEF statement is formed as
follows:

line number DEF FNo(arguments) = <expression (arguments)>
where o is any legal variable name. The arguments ﬁay consist of
zero to five dummy variables. The expression, however, need not con-
tain all the arguments and may contain other program variables not
among the arguments. For example:

14 DEF FNA(S) = S42
causes a later statement:
20 LET R = FNA(4)+1

to be evaluated as R=17. As another example:

5@ DEF FNB(A,»B) = A+X12
60 Y=FNB(14.4,R3)

causes the function to be evaluated with the current value of the
variable X within the program. 1In this case the dummy argument B
(which becomes the actual argument R3 in the function call) is unused.
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The two following programs

Program #1:
LISTNH
1@ DEF FNSCA) = AtA

20 FOR I=1 TO 5

3@ PRINT I, FNS(I)
40 NEXT I

58 ENP

READY
Program #2:
LISTNH
18 DEF FNS(X) = X1*tX
28 FOR I=1 T0 5
3@ PRINT I, FNS(I)
4@ NEXT I
5@ END

READY

cause the same output:

RUNNH

| 1

2 4

3 27

4 256
5 3125

READY
The arguments in the DEF statement can be seen to have no signif-
icance; they are strictly dummy variables. The function itself can
be defined in the DEF statement in terms of numbers, variables, other

functions, or mathematical expressions. For example:

1@ DEF FNA(X) = X12+43%X+4
20 DEF FNB(X) = FNA(X)/2 + FNA(X)
30 DEF FNC(X) = SQR(X+4)+1

The statement in which the user-defined function appears can have
that function combined with numbers, variables, other <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>