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PREFACE

This manual describes the BASIC-PLUS programming language. In-
formation is organized for the benefit of the beginning programmer, as
it allows the reader to gradually acquire increased programming capa-

bilities.

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 ver-
sion of BASIC.

While it is always good programming practice to use the % charac-
ter to indicate integer format of variables, as described in Chapter
6, the sample programs in this manual do not always follow this
convention. For the sake of clarity in illustrating various program-
ming concepts, the % character is omitted occasionally in these
examples, but should be included in user programs to save storage
space as well as computing time.

For information on all of the current manuals pertaining to
RSTS/E operation, consult the RSTS/E Documentation Directory.

I1BASIC is a registered trademark of the Trustees of Dartmouth College.
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PART I

RSTS/E AND THE BASIC-PLUS LANGUAGE

Thls first Part descrlbes the RSTS/E system, its hardware and-

user features, and the sxmplest level of the BASIC language.(_BASIC

N

as descrlbed here is essentlally Dartmouth BASIC as orlglnally
“developed. Eart II describes the extended capabllltles of BASIC—
IHPhUS. As part of the 1ntroductory material, the reader will flnd
references to some of the extended capabllltles.' Part III descrlbes
vthe complete range of BASIC-PLUS I/O, 1ncludlng Record I/0 and
1nformatlon on partlcular I/O dev1ces.

As a 1anguage, BASIC is easyfto learn. BASIC-PLUS'provides,
many advanced features Wthh allow BASIC to be a useful tool for

the more experlenced programmer., BASIC does not, however, penal—*

‘ize the beginning user. Almost any. problem can be solved w1th ‘the
statements available in Part I. The statements and features in
¢

Parts II and III allow ‘the user to write more eff1c1ent code to

better use mach;ne tlme and core space.



CHAPTER 1

AN INTRODUCTION TO RSTS-11

In this manual, the RSTS-11 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

1-1



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 16K 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,
providing for an interactive man/machine relationship.

1
The term "K" refers to 1§24 (decimal) words of storage in a computer
Hence, 2K=2048 words and 8K=8192 words.



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 PASIC 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 <line 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 <Iine 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.



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).

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.

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

The RSTS-11 terminal is in some cases an ASR-33
Teletype!. However, RSTS-11l 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.

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

thevprogram.

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

2-1



LISTNH

18 REMARK - THIS PROGRAM COMPUTES INTEREST PAYMENTS
280 INPUT "INTEREST IN PERCENT" sJ

38 LET J=J/l1@@

48 INPUT "AMOUNT OF LOAN"; A

58 INPUT "NUMBER OF YEARS"; N

6@ INPUT "NUMBER OF PAYMENTS PER YEAR": M

78 LET NzNxM: I:zJ/M: B=l+]

88 LET R=zAX1/(l=-1/BtN)

$2 PRINT

18@ PRINT " AMOUNT PER PAYMENT ="3; INT(R*108t2+,5)/1012

1186 PRINT " TOTAL INTEREST =" 3 INTC(R*N=-A)*1812+,5)/1012
128 PRINT

138 LET B=A

149 PRINT "INTEREST APP TO PRIN BALANCE OF PRIN"

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

168 PRINT INT(L*1212+,5)/10t2, INT(Px1@12+.5)/1812,
INT(B*13t2+,5)/1812

178 IF B>=R GOTO 158

188 PRINT INTC(BxI)*10t2+,5)/18t2, INT((R-BxI)*1812+,5)/1012

198 PRINT "LAST PAYMENT ="; INT((B*I+B)*1012+.5)/1012

208 END

READY

RUNNH

INTEREST IN PERCENT? 7.5
AMOUNT OF LOAN? 2500

NUMBER OF YEARS? 2

NUMBER OF PAYMENTS PER YEAR? 4

AMOUNT PER PAYMENT = 3395.44

TOTAL INTEREST 215,51
INTEREST APP TO PRIN BALANCE OF PRIN
46.88 292,56 2287.44

41,39 298,85 1569,39

35.8 383,64 1685.75

32.11 309,33 1296, 42

24,31 315,13 981,28

18.4 321.084 §62.24

12,38 327.086 333,18

6,25 333,19
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 or a
backslash. Thus only the first statement on a line can (and must)

have a line number. For example:
18 INFUT A.E.C
is a single statement line, while:
28 LET M=M+1: PRINT X, Y, 2% IF Y=2 GOTO 1@

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

Any statement can be used anywhere 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 WP=cW-RHd®ZisiZ-R/
CA-BI-172

where the first line was terminated with the LINE FEED key is equiva-
lent to:
18 LET WF=(W-@d®Zis{Z-A S HA-B1-172

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.

186 IF A1=8
THEN 186

is acceptable where a LINE FEED follows @, but:

18 IF H
1=8 THEN 166
ILLEGAL COMDITIONAL CLAUSE

is not acceptable nor is:

18 IF Ad1=8 THEM 1
aa
MODIFIER ERRCOR AT LINE 16

and each illegal form generates an error message. A number of multi-
word elements are processed as one word and cannot be broken by a
LINE FEED. For example, AS FILE, FOR INPUT AS FILE, FOR OUTPUT AS
FILE, GO TO, INPUT LINE, and ON ERROR GO TO are each treated by the
system as one word.

2.4 SPACES AND TABS

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

ments easier to read. For example:

18 LET B = Dz + 1

instead of;

1BLETR=D*2+1
or

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

2n FOR I=1 TO 19

30 FOR J=1 TO 14

40 A(lsJ) = K/CI+J=1)+AC1,J)
54 NEXT J

674 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, relational,
or logical operators.

The following are examples of expressions acceptable to BASIC-

PLUS:
Arithmetic Expressions Logical Expressions
4 X<y
A7*(B4+2+1) ((A>B) OR (C=D)) AND A/B<>C/D

Not all kinds of expressions can be used in all statements, as is ex-
plained in the sections describing the individual statements. In the
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
-.gp9001

The following are not acceptable numeric constants in BASIC:



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

cal formulas as shown below:

%i is expressed as 14/3
v 7 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:

.@P@@123456 can be written in BASIC as 123.456E-6
12345600049. can be written in BASIC as 123456E4
~1234567899¢. can be written in BASIC as =-1.2345679ELy

The E format representation of numbers is very flexible since a number
such as .001 can be written as 1E-3, .0lE-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-g4; 1E @g4.)

The combination E7, however, is not a constant, but a variable.
The term 1lE7 is used to indicate that 1 is multiplied by lO7

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

X=g or in the range 10_38 < ABS(X) < lO+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 Ol. (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 +* to denote the

exponentiation operation. For example:
A**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* (D42)))

the innermost parenthetical quantity is calculated first.

b. In 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, -A4B 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. In 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 1is 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 expressions 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 == A==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. For this discussion, A and B

are relational expressions having only TRUE (-1) and FALSE (d)

values. Logical operators can also be used in certain logical
operations involving integers. (See Section 6.5 and 6.6.) The
logical operators are as follows:

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.

A B A AND B
T T T
T F F
F T F
F F F
A B A XOR B
T T F
T F T
F T T
F F F
A B A IMP B
T T T
T F F
F T T
F F T

Lo IS T = I
H A3 1 3w

M3 3 3

oo LES T T I b
o3 M 43w
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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
IT 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 COMPITES THE
11 REM - ROOTS 0OF A QYJADRATIC EQ{JATION

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 R=z+4*SQRCC) 'SET A EGUAL TO INITIAL WHLLUE

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

140 'COMMENT
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.

18 REM THIS FPROGRAM COMPUTES THE
11 REM ROOTS IF A ®UADRATIC EQUATION

28 REM THIS FPROGRAM COMFUTES THE
rROQTS OF A GUADRATIC EQUATION

@ ! THIS PROGRAM COMFUTES THE
ROOTS OF A GQUADRATIC EQUATION

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:

18 LET H=¥+1

286 LET W2={A4-RHIZIx*(Z-A-ED
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.

3-2



The LET statement can be a simple numerical assignment, such as
58 LET A=Z5

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:

18 K=12#%iS+70
than
18 LET H=12#0S5+72

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:

19 X=44: Y=X42+Y1l: B2=3,5*A

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

variables in the same statement. For example:

18 LET X, ¥.2 = 5. 7

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/O (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/0 statements

provide a means of obtaining tangible output.

More advanced I/O 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 <vqlue list>

A READ statement causes the variables listed to be assigned se-
guential 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:

158 READ ¥, Y. 2,51, Y, B8
228 LATA 4,2:1. 7
348 DATA €. PZE-3, ~-1F4. X214, I 1445827

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:

X=4

Y=2

2=1.7
X1=6.73E-3
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:
33 RESTOURE

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. 1In 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:"

2@ FOR I=1 TO N: READ X: PRINT X,

25 NEXT I

32 RESTORE

35 PRINT: PRINT "SECOND LIST OF X VALUES"
48 PRINT "FOLLOWING RESTORE STATEMENT:"
45 FOR I=1 TO N: READ X: PRINT X,

5¢ NEXT 1

62 DATA 4,1,2

70 DATA 3,4

28 END

REACY

RUNNH
VALUES OF ¥ ARE:

1 2 3 4
SECOND LIST OF X VALUES
FOLLOWING RESTORE STATEMENT:

4 1 2 3
READY



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 {li{st}

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 A=zl: LET B=2: LET C:=3+A
28 PRINT
38 PRINT A+B+C
READY
RUNNH
7

READY
All numbers are printed in the form:

space?
E p_ j <number> <space>

The PRINT statement can be used anywhere in a multiple statement

line. For example:

18 Azl: PRINT A: A=A+5: PRINT: PRINT A

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

RUNNH
I

6

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:

19 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 6 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=l: LET B=2
20 PRINT A,B,,A+B

READY

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

I@ A=l:B=2:C:=3

20 PRINT A,:PRINT B: PRINT C
READY

RUNNH
1 2
3

READY

!Terminals 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

180 LET Azl: B=2: C=3
28 PRINT A;B;C;

32 PRINT A+13B+1;3C+!
42 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
guotation marks (therefore each type of quotation mark can only be
printed if surrounded by the other type of quotation mark). For
example:

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

REABY

RUNNH
TIME'S UP
"NEVERMORE"™

READY

As another example, consider the following line:

48 FPRINT "AYERAGE GRADE IS": X

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

AYERAGE GRADE I& B8Z. 4

When a character string is priunted, only the characters between
the quotes appear; no leading or trailing spaces are added. Leading
and trailing spaces can be added within the quotation 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 previohs example could be expressed as:

49 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 “STIDENT NIJMBER"X,'"GRADE ="G3"AVE. ="A3
134 PRINT "NOe. IN CLASS ='""N

could cause the following to be printed (assuming calculations were

done prior to line 130):

STJDENT NIMBER 119454 GRADE = 87 AUE. = 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:
190 INPIYT ALR,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

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

28 LET J=J/1¢8

25 INPUT "AMOUNT OF LOAN"; A

3@ INPUT "NUMBER OF YEARS™; N

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

A@ N=NxM: I=J/M: Bz=i+l: R=AXxI/(l1-1/BtN)

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

5@ PRINT " TOTAL INTEREST =" sRxN-A

55 PRINT: B:=A

6@ PRINT "INTEREST APP TO PRIN BALANCE OF PRIN"
65 L=Bxl: P=R-L: B=B-P

67 PRINT L,P,E

7% 1F B>=R GOTO 65

75 PRINT BxI,R-BxI

3@ PRINT "LAST PAYMENT WAS "BxI+B

85 END

READY

RUNNH

INTEREST IN PERCENTI? S
AMOUNT OF LOAN? 2580

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 581,849 1614.,23
36,3202 308,641 1385.59
29,3758 315,585 996.087
22,2752 322,686 667,521
15,8147 329,946 337.375
7.59293 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 guotes from the other arguments of the INPUT statement. For example

10 INPUT "YOUR AGE IS ";aA

is equivalent to

1@ PRINT "YOUR AGE IS "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 5@
38 LET A=SQR(A+14)
58 PRINT A,AxA
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:

110 LET A=ATN(R2): PRINT A: GOTO 57

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<s tatement>
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.)



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*x(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>3 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.)



LISTNH

18 LET AzA+l: X:=At2

22 IF A>4 GOTO 55

25 PRINT X

38 PRINT "VALUE OF A IS" A
40 GOTO i@

55 END

READY

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

RUNNH
|

VALUE OF A 1S 1
U: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 (%)

d. unary minus (-), that is, a negative number or
variable such as -3, -A, etc.

e. multiplication and division (* and /)

f. addition and subtraction (+ and -)

g. relational operators (=, <, <=, >, >=, ==, <>)

h. NOT

i. AND

j. OR and XOR

k. IMP

1. EQV

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

ceed from left to right.



Examples of IF-THEN statements follow:

14 IF A>B THEN 100 !SIMPLE COMPARISON
2 IF A=B OR B=C THEN 209
32 IF A>B THEN A=-B 'ASSIGNMENT BY A LET STATEMENT

a4p IF X>Y IMP Y>7Z 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:

17 IF A=1 THEN PRINT A;:PRINT "TRUE CASE'": GOTO 29
15 PRINT "NOT = 1"

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

where A=1, the following line is printed:
1 TRIIE 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 "RB>C": GOTO 30
25 PRINT "A<=3"

Only in the case where "B>C" is printed is the state-~
ment GOTO 3f 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:

1@ PRINT 1, SQRC1)
27 PRINT 2, SQR(2)
38 PRINT 35 SQR(3)

S9@ PRINT 99, SQR(99)
1200 PRINT 108, SQRC13a)
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:

19 LET X=1

20 PRINT XsSOR(X)

30 LET X=X+1

49 IF X<=100 THEN 20
53 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. 1In 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 <ezpression> {STEP <ezpression>}

For example:
186 FOR K=2 TO z@& STEF ¢

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:

14 FOR I=1 TO 1&
20 PRINT I

33 NEXT 1
400 PRINT I

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:
12 FOR I = 1@ TO 1 STEP -1

the value printed by line 40 would be 1.



17 FOR 1 = 2 TO 44 STEP 2
20 LET 1 = 44
32 NEXT 1

The above loop is only executed once since the value of I=44 has been

reached and the termination condition is satisfied.

If, 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:

18 FOR I = 2 TG 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 I=2p 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 I1 = 1 TO 1¢ FOR I1 = 1 TO 14
EFOR I2 =1 TO 1f FOR I2 = 1 TO 1¢
NEXT I2 NEXT Il
EFOR I3 =1 TO 19 NEXT I2
NEXT I3
NEXT Il
Three Level Nesting
- FOR Il = 1 TO 1¢ FOR I1 = 1 TO 14
FOR I2 = 1 TO 10 FOR I2 = 1 TO 1¢
FOR I3 = 1 TO 1f FOR I3 = 1 TO 1¢
NEXT I3 NEXT I3
FOR I4 = 1 TO 1¢ FOR I4 = 1 TO 1¢
NEXT I4 NEXT 14
NEXT I2 NEXT Il
\— NEXT Il —— NEXT I2
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An example of nested FOR-NEXT loops is shown below:

5 DI¥ X(5,10)

14 FOR A=1 TO 5

20 FOR B=2 TO 18 STEP 2
37 LET X(AsB)= A+B

47 NEXT B

50 NEXT A

55 PRINT X(S5,19)

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¢0 FOR I=1 TO 19 STEF S5: NEXT I: PRINT "I="31

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 FUR I=1 TOU 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(@), 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(9)
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) | g, 1) | Bg,2) | B(g,3) / / |sup.

B(1,) | B(1,1) | B(1,2) | B(1,3) / / B(1,J)

B(2,9) | B(2,1) | B(2,2) | B(2,3) / / B(2,J)

m 83,1) | 83,2 | 833 [/ B(3,J)
Y

; ’4
B(I,g) | B(I,1) B(I,2) B(I,3) | N\ —N\ B(I,J)

Subscripts used with subscripted variables throughout a program can

be explicitly stated or be any legal expression.

It is podssible 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,#) 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:
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line number DIM <variable (n)>,<variable(n,m)>,...

Where the variables specified are indicated with their maximum sub-

script value(s).

For example:

19 DIM X(5)s Y(4,2), ACIZ,10)
12 DIM 14C130)
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, g 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
2@ DIM A(6,18)

38 FOR I:=0 TO 6

4¢ LET ACI,@) = I

5¢ FOR J=@ TO 19

68 LET AC@,J) = J

70 PRINT ACI,J);

88 NEXT J: PRINT: NEXT I

9% END

READY
RUNNH

DN DHB NN —D
LS RGS LS IGS IS IS B
o e=N
[SE SR SE-SESRS NI
(SIS SIS SIS N
[SESESESN SR SR
LSS SRS LSS W0 ,Y
LSS RSN S SRR
LSS SR SENE SNl
SIS IS IS S IV
DN —

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(f,0) 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/184)
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(f#)=@

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)=§)

C0S (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 e+X, where e=2.71828...

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

LOG1g (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. B

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

Sign Function, SGN(X)

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

@ if X is 0, and -1 if X is negative. For example: SGN (3.42) = 1,
SGN (-42) = -1, and SGN(23-23) = ¢.

LISTNH

1% REM - SGN FUNCTION EXAMPLE

22 READ A,B

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

3@ PRINT "SGNCA)="SGN(A)," SGN(B) =" SGN (B)
40 PRINT "SGNCINT(A))="SGNC(INT(A))

50 DATA -7.32, .44

60 END

READY

RUNNH

Az-7,32 B= .44
SGN(A)=-1 SGN(B)= 1

SGN(INT(AY)=-1
READY



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) /191D

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

program:

LISTNH

18 REM= INT FUNCTION EXAMPLE

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

48 PRINT "NO. OF DECIMAL PLACES™;
5@ INPUT D

60 LET B=INT(A*18tD+,5)/1081D

7@ PRINT "A ROUNDED ="

88 GO TO 2@

S3 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 = 109

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

A ROUNDED = 78

NUMBER TO BE ROUNBED? tC

READY

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

4C in the above program terminates
program execution. See the RSTS-11
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 - RANDOM NUMBER EXAMPLE
25 PRINT "RANDOM NUMBERS"

3¢ FOR 1=l TO 32

4@ PRINT RND(2),

50 NEXT 1

62 END

READY

RUNNH

RANDOM NUMBERS
771827 »78183 75174 473969 + T81555E~-1
203217 «5159 266445 «955597 «335541
412872 « 457387 «2835@8E-1 «538825E-1 «6765T5E~1
921722 921417 233082 « 185255 534515
+259796 « 748138 .152665 1708746 668488
474213 .828888 785414 « 172491 2286224

READY

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

40 PRINT INTC(1@%RND(@)),

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

RUNNK
RANDOM NUMBERS

7 7 7 4 ¢
2 5 2 9 3
4 4 0 o o
S 9 2 ! 5
2 7 I ! 6
4 8 7 7 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(g) +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:

48 PRINT ENL.
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

If 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 RANDOMIZE

28 FOR I=1 TO 5
25 PRINT “VALUE™ I " IS™ RND(®)

3@ NEXT 1

35 END

READY

RUNNH

VALUE | 1S ,797943
VALUE 2 IS ,3008@7S
VALUE 3 IS ,618988
VALUE 4 IS ,132141E-1
VALUE 5 1Is ,5@083%2
READY



RUNNH

VALUE 1 1S ,27384i
VaLUE 2 IS .225372
VALUE 3 IS .894867
VALUE 4 IS ,34@851
VALUE 5 IS .,991383
READY

The output from each run is different.

3.7.3 User-Defined Functions

Tn 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 can be defined anywhere in the program, even be-
fore its first use. The defining or DEF statement is formed as
follows:

line number DEF FNo(arguments) = <expresston (arguments)>
where o is any legal variable name. The arguments may 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:
2¢ LET R = FNA(4)+1
to be evaluated as R=17. As another example:

EF FNE:A, B = AH+X72
=FHB 14, 4, RE2

- <

causes the function to be evaluated with the current value of the
variable X within the program. In 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
18 DEF FNS(A) = AtA
2@ FOR I=1 TO S
38 PRINT I, FNS(I)
48 NEXT I
5¢ END

READY
Program #2:
LISTNH
18 DEF FNS(X) = X1*X
26 FOR I=1 TO 5
3@ PRINT I, FNS(ID
48 NEXT 1
5@ END

READY

cause the same output:

RUNNH

1 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:
18 DEF FNACKY

28 DEF FNBCH?
38 DEF FNCik>

HUE+IwK
FNACXI /2 + FNACR)
SRR(K+dI+1

noaon

The statement in which the user-defined function appears can have
that function combined with numbers, variables, other functions, or

mathematical expressions. For example:
48 LET R = FHACE+Y+Z3NACY T 2+00

A user-defined function can be a function of zero to five vari-

ables, as shown below:
2% DEF FHLOH. Y, 23 = SORCST2 + Y72 + 2720

A later statement in a program containing the above user-defined

function might look like the following:
29 LET B = FML<D, L, R2

where D, L, and R have some values in the program.
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LISTNH

| ! MODULUS ARITHMETIC PROGRAM
5 ! FIND X MOD M

18 DEF FNM(X,M) = X-MkINT(X/M)
15 1

20 ! FIND A+B MOD M

25 DEF FNACA,B,M) = FNM(A+B,M)
3B

35 | FIND AxB MOD M

43 DEF FNB(A,B,M) = FNM(AX*B,M)
41 !

45 PRINT

S@ PRINT "ADDITION AND MULTIPLICATION TABLES, MOD M"
55 INPUT "GIVE ME AN M" M

66 PRINT: PRINT "ABDITION TABLES MOD "M
65 GOSUB 880

78 FOR I=8 TO M-I

75 PRINT 13" ";

82 FOR J=0 TO M-I

85 PRINT FNA(I,J,M

98 MEXT Je: PRINT: NEXT I

128 PRINT: PRINT

112 PRINT "MULTIPLICATION TABLES MOD " M
128 GOSUB 848

130 FOR 1:=8 TO M-l

148 PRINT I;" "

158 FOR J=@ TO M-l

168 PRINT FNB(I,J,M;

178 NEXT J: PRINT: NEXT I

186 STOP

80@ !SUBROUTINE FOLLOWS:

818 PRINT: PRINT TAB(4);0;

828 FOR I=1 TO M-1

832 PRINT Ig3: NEXT I: PRINT

840 FOR I=1 TO 2%M+43

85¢ PRINT "-"3: NEXT Is PRINT
868 RETURN

870 END

READY

Figure 3-1

Modulus Arithmetic
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RUNNH

ADDITION AND MULTIPLICATION TABLES, MOD M
GIVE ME AN M? 7

ADDITION TABLES MOD 7

NN —R NV DS
HBWN—BONO WV
VWDHBWN—aOn

2 1 2 3 4 5 6

@ @ % © 2 © 2 @
1 g 1 2 3 4 5 6§
2 g 2 4 6 | 3 5
3 g 3 6 2 5 1 4
4 g2 4 1 5 2 6 3
5 g 5 3 1 6 4 2
8 g 6 5 4 3 2 1
STOP AT LINE 188
READY

Figure 3-1 (Cont.)

Modulus Arithmetic
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The number of arguments with which a user-defined function is
called must agree with the number of arguments with which it is de-

fined. For example:

I DEF FNA (X) = Xx2 + xX/2
23 PRINT FNAC(3,2)

will cause an error message:

ARGUMENTS DON'T MATCH AT LINE 20
In a DEF statement or function reference, where a function has

zero arguments, the function name can be written with or without

parentheses. For example:

18 DEF FHA = =72
28 RL1 = FMNEO:

When calling a user-defined function, the parenthesized arguments
can be any legal expressions. The value of each expression is sub-

stituted for the corresponding function variable. For example:

line 30 causes 16 to be printed.

If the same function name is defined more than once, an error

message is printed.

18 DEF FN
ZBDEF FNXX) =y
ILLEGAL FN REGEFINITION AT LINE 2@

The function variable need not appear in the function expression

as shown below:

10 DEF FNA (X)) = 4 +2
24 LET R = FNAC1@)+1
3% PRINT R
42 END
RUNNH

7

The program in Figure 3.] <ontains examples of a multi-variable

DEF statement in lines 10, 25, and 40.
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3.8 SUBROUTINES

When a particular mathematical expression is evaluated several
times throughout a program, the DEF statement enables the user to
write that expression only once. The technique of looping allows the
program to do a sequence of instructions a specified number of times.
If the program should require that a sequence of instructions be ex-
ecuted several times in the course of the program, this is also

possible.

A subroutine is a section of code performing some operation re-
quired at more than one point in the program. Sometimes a compli-
cated I/0 operation for a volume of data, a mathematical evaluation
which is too complex for a user-defined function, or any number of

other processes may be best performed in a subroutine.

More than one subroutine can be used in a single program, in
which case they can be placed one after another at the end of the
program (in line number sequence). A useful practice is to assign
distinctive line numbers to subroutines; for example, if the main
program uses line numbers up to 139, use 200 and 300 as the first

numbers of two subroutines.

LISTNH

1 REM - THIS PROGRAM ILLUSTRATES GOSUB ANDP RETURN
18 DEF FNA(X)= ABSCINT(X))

20 INPUT A,B,C

38 GOSUB 100

48 LET A=FNA(A)

58 LET B=FNA(B)

68 LET C=FNA(C)

72 PRINT
8@ GOSUB 1@8
98 STOP

1@@ REM - THIS SUBROUTINE PRINTS OUT THE SOLUTIONS

118 REM - OF THE EQUATION: AXt2 +BX + C = @

120 PRINT "THE EQUATION IS ™ A "#Xt2 + " B "X + " C
13@ LET D=B*B - 4%A%C

140 IF D<>@ THEN 172

'S8 PRINT "ONLY ONE SOLUTION,,, X ": -B/(2%A)

168 RETURN

17¢ 1F D<@ THEN 2080

188 PRINT " TWO SOLUTIONS...X ="}

185 PRINT (-B+SQR(D))/(2%A); "AND X ="3 (-B=SQR(D))/(2%A)
19¢ RETURN

2@0 PRINT "IMAGINARY SOLUTIONS... X = ("3

265 PRINT -B/(2%A) ","™ SQR(-D)/(2%A) ") AND ("

287 PRINT -B/(2%A) ",": -SQR(-D)/(2%A) ")"

218 RETURN

988 END

READY
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RUNNH

? 1,:5,-.5

THE EQUATION IS I xXt2 + .5 %X + =.,5
TWO SOLUTIONS,..X = .5 AND X ==1

THE EQUATION IS I *Xt2 + @ *xX + |
IMAGINARY SOLUTIONS... X = (¢ 8 , 1 ) AND (8 ,-1)
STOP AT LINE 5@

READY

Lines 100 through 210 constitute the subroutine. The subroutine
is executed from line 30 and again from line 80. When control returns
to line 90 the program encounters the STOP statement and terminates
execution.

3.8.1 GOSUB Statement
Subroutines are usually placed physically at the end of a program

before DATA statements, if any, and always before the END statement.

The program begins execution and continues until it encounters a GOSUB

statement of the form:
line number GOSUB <line number>
where the line number following the word GOSUB is the first line num-

ber of the subroutine. Control then transfers to that line in the

subroutine. For example:

50 GOSUB 220

Control is transferred to line 2@# in the user program. The first
line in the subroutine can be a remark or any executable statement.

3.8.2 RETURN Statement
Having reached the line containing a GOSUB statement, control
transfers to the line indicated after GOSUB; the subroutine is proc-

essed until the computer encounters a RETURN statement of the form:

line number RETURN

which causes control to return to the statement following the orig-
inal GOSUB statement. A subroutine is always exited via a RETURN

statement.

Before transferring to the subroutine, BASIC internally records
the next sequential statement to be processed after the GOSUB state-
ment; the RETURN statement is a signal to transfer control to this
statement. In this way, no matter how many subroutines or how many

times they are called, BASIC always knows where to go next.
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3.8.3 Nesting Subroutines

Subroutines can be nested; that is, one subroutine can call
another subroutine. If the execution of a subroutine encounters a
RETURN statement, it returns control to the line following the GOSUB
which called that subroutine. Therefore, a subroutine can call
another subroutine, even itself. Subroutines can be entered at any
point and can have more than one RETURN statement. It is possible
to transfer to the beginning or any part of a subroutine; multiple

entry points and RETURNs make a subroutine more versatile.

The maximum level of GOSUB nesting is dependent on the size of
the user program and the amount of core storage available at the

installation. Exceeding this limit results in the message:

MAXIMUM CORE SIZE EXCEEDED AT LINE XXX

where xxx is the line number of the line containing the error.

3.9 STOP AND END STATEMENTS

The STOP and END statements are used to terminate program execu-

tion. The END statement is the last statement in a BASIC program.
The STOP statement can occur several times throughout a single pro-
gram with conditional jumps determining the actual end of the program.

The END statement is of the form:
line number END

The line number of the END statement should be the largest line num-
ber in the program, since any lines having line numbers greater than
that of the END statement are not executed and are not retrieved

by the OLD command (although they are saved with the SAVE command).

NOTE

A program will execute without an END statement;
however, an error messade is printed if a pro-
gram is recalled having been saved without an
END statement.

The STOP statement is of the form:

line number STOP
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and causes:

STOP AT LINE line number
READY

to be printed when executed. A CONTINUE command entered at this point
resumes execution at the statement following STOP.

Execution of a STOP or END statement causes the message:

READY

to be printed by the teleprinter. This signals that the execution of
a program has been terminated or completed, and BASIC is able to ac-
cept further input. The execution of an END statement also closes
all files in a BASIC program.
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PART II

* BASIC-PLUS ADVANCED FEATURES

This part of the\manual describes the special features'of»BASIC—
PLUS which make the language a superior tool for all manner ‘of data,‘
manipulation. Addltlonal capabllltles of the statements prev1ously'
described are included, .along" with new statements, character strlng
manipulating fa0111t1es, 1nteger mode varlables and arlthmetlc, and
intrinsic matrix functlons. Also descrlbed 1s ‘the lmmedlate mode of
operatlon whlch causes BASIC to treat 51ngle statements as commands.

) In general, the new technlques presented here allow the user to
erte programs whlch conserve core space and reduqe executlon t1me.~
With ‘the ablllty to manlpulate character strlngs, the\user can wrlte

‘sophlstlcated programs to handle a w1de range of data. .
- ~The’matrix functions allowithe user to perform matrix I/0 and
the matrix operations of ‘addition, subtraction, multiplication,

inversion and transposition.
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CHAPTER 4

IMMEDIATE MODE OPERATIONS

4.1 USE OF IMMEDIATE MODE FOR STATEMENT EXECUTION

It is not necessary to write a complete program to use BASIC-PLUS.
Most of the statements discussed in this manual can either be included
in a program for later execution or be given on-line as commands, which
are immediately executed by the BASIC processor. This latter facility
permits the RSTS~1l user to have an extremely powerful desk calculator

available whenever he is on-line.

BASIC-PLUS distinguishes between lines entered for later execution
and those entered for immediate execution solely on the presence {or
absence) of a line number. Statements which begin with line numbers
are stored; statements without line numbers are executed immediately

upon being entered to the system. Thus the line:
1% PRINT “THIS IS A PDP-11"

produces no action at the console upon entry, while the statement:

PEINT "THIS IS A phE-11"
THIS IS A PDF-11

HEALY
when entered causes the immediate output shown above. The READY mes-

sage is then printed to indicate the system readiness for further in-

put.

4.2 PROGRAM DEBUGGING

Immediate mode operation is especially useful in two areas : pro-

gram debugging and the performance of simple calculations in situations
which do not occur with sufficient frequency or with sufficient com-

plications to justify writing a program.

In order to facilitate debugging a program, the user can
place STOP statements liberally throughout the program. Each STOP
statement causes the program to halt, printing the line number at which
the STOP occurred; at which time the user can examine various data

values, perhaps change them in immediate mode, and then give the

CONT



command to continue program execution. However, a syntax error in
immediate mode or one of several other conditions could prevent

continuation of program execution with the CONT command.

When using immediate mode, nearly all the standard statements

can be used to generate or print results.

The user can also halt program execution at any time by typing
CTRL/C. Immediate mode can then be used to examine and/or change
data values. Typing the CONT command resumes program execution.

Whenever execution cannot be continued, the message:
CAN®*T CONTINUE
KREADY

is printed upon entering the CONT command.

4.3 MULTIPLE STATEMENTS PER LINE

Multiple statements cannot be used on a single line in immediate

mode. For example:

A=1t PRINT A
ILLEGAL IN IMMEDIATE MODE

.READY

The use of the FOR modifier (and all other modifiers described
in Section 8.7) is allowed. Thus a table of square roots can be

produced as follows:

PRINT I, SQR(I) FOR I=1 TO 1@
1
l.41421
1.73285
2
2.,23607
2.44949
2,64575
2,82843
3

2 3.16228

— QRN NDWNDWN—

READY
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4.4 RESTRICTIONS ON IMMEDIATE MODE

Certain commands make no logical sense when used in immediate

mode. Commands in this category include:

DEF
FNEND
DIM
DATA
FOR
NEXT

When any of these is given, the message ILLEGAL IN IMMEDIATE MODE is
printed.

4.5 PROGRAM INTERRUPTION BY CTRL/C

When a program is interrupted by typing the CTRL/C combination,
the integer variable LINE contains the line number of the statement
being executed when the interrupt occurred. The PRINT command is
used to display the contents of LINE.

+C

READY

PRINT LINE

389
READY



5.1 CHARACTER STRINGS

CHAPTER 5

CHARACTER STRINGS

The previous chapters describe the manipulation of numerical in-

formation; however, BASIC also processes information in the form of

character strings.

ters treated as a unit.

A string, in this context, is a sequence of charac-

A string can be composed of any combination

of the characters in Table 5-2.

Without realizing it, the reader has already encountered character

strings.

month, given its number:

LISTNH

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

Consider the following program which prints the name of a

INPUT “TYPE A NJMBER BETWEEN | AND 12";N
N<! OR N>12 THEN PRINT 'NUMBER OUT OF RANGE":u0TO 19

IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF

END

READY

RUNNH
TYPE A NUMBER BETWEEN 1 AND 12?7 9
THE 9 TH MONTH IS SEPTEMBER

READY

N>3 THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

VRN LD WO -

222222222

nnunununnuw

N

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

“THE" N “TH MONTH IS "3

"“THE FIRST MONTH IS JANUARY"
"THE SECOND MONTH IS FEBRIJARY"
"THE THIRD MONTH IS MARCH"
“"APRIL"

I.MAY"

'ld"JNE"

I'JULYII

"AYGHST®

"SEPTEMBER"

1@ THEN PRINT '"OCTOBER"
N=11 THEN PRINT
N=12 THEN PRINT

"NOVEMBER"
"DECEMBER"



In Chapter 3 the INPUT and PRINT statements were shown printing

messages along with the input and output of numeric values (see lines
10 and 15 above). These messages consist of character string constants
(just as 4 is a numeric constant).

In a similar way, there are char-
acter string variables and functions.

5.1.1 String Constants

Just as numbers can be used as constants or referenced by vari-

able names, BASIC-PLUS allows for character string constants.

Charac-
ter string constants are delimited by either single or double quotes.
For example:

145 LET Y$ = "FILE4"
33 B1$ = 'CAN'
8g IF A$ = "YES" GOTO 258

where "FILE4", 'CAN' and "YES" are character string constants.

5.1.2 Character String Variables

Variable names can be introduced for simple strings and for both

lists and matrices composed of strings (which is to say one and two
dimensional string matrices). Any legal name followed by a dollar
sign ($) character is a legal name for a string variable. For example:

AS
C7s$

are simple string variables. Any list or matrix variable name fol-

lowed by the §$ character denotes the string form of that variable.
For example:

Vs (N) M2$ (N)
C$ (M,N) G1l$ (M,N)

(where M and N indicate the position of that element of the matrix
within the whole) are list and matrix string variables.



The same name can be used as a numeric variable and as a string
variable in the same program with the restriction that a one and a
two dimensional matrix cannot have the same name in the same program.

For example:

A A(N)
A$ A$ (M,N)

can all be used in the same program, but
A(N) and A(M,N)
cannot. Likewise,
A$(N) and AS$(M,N)
cannot both occur in Fhe same program.
Just as numeric variables are automatically initialized to # when a
program is run, string variables are initialized to a null string

containing zero characters (the character string constant "").

5.1.3 Subscripted String Variables

String lists and matrices are defined with the DIM statement, as

are numerical lists and matrices. For example:

19 DIM S13%(5)

indicates the S$1$ is a string matrix with six elements, S1$(@) through
S1$(5), which can be separately accessed. If a DIM statement is not
used, a subscripted string variable is assumed to have a dimension of
10 (11 elements including the zero element) in each direction. Note
that the dimension of a string matrix specifies the number of strings
and not the number of characters in any one string. For example, if

the first statements in a program are:

18 FOR I=1 TO 7
29 LET B$(I)="PDP-11"
33 NEXT 1



they would cause a list B$(n) to be created having 11 accessible ele-
ments, B$(@g) through B$(1@). The elements B$(1l) through BS$(7) are set
equal to "PDP-11" and the others would be null strings (have no char-
acters). As a general rule, all lists and matrices should be dimen-

sioned to the maximum size being referenced in the program.

5.1.4 String Size

A character string can contain any number of characters limited
only by the amount of core storage available. However, the
LINE FEED key cannot be used to type a string on two or more terminal
lines. Since core storage is limited, strings can also be saved in

files on the system disk (see Section 9.6.2).

5.1.5 Relational Operators

When applied to string operands, the relational operators indi-

cate alphabetic sequence. For example:
55 IF A3CI) < A$CI+1) GOTO 100

When line 55 is executed the following occurs: AS$S(I) and AS$(I+l) are
compared; if A$(I) occurs earlier in alphabetical order than AS$(I+l),
execution continues at line 100. Table 5-1 contains a list of the

relational operators and their string interpretations.

Table 5-1

Relational Operators Used With
String Variables

Operator Example Meaning

= AS = BS The strings A$ and B$ are equivalent.

< A$ < BS The string A$ occurs before B$ in alpha-
betical sequence.

<= AS$ <= BS The string AS$ is equivalent to or occurs
before B$ in alphabetical sequence.

> AS$ > BS The string AS$ occurs after B$ in alpha-
betical sequence.

>= A$ >= BS$ The string A$ is equivalent to or occurs
after BS in alphabetical sequence.

<> AS <> BS The strings AS$ and B$ are not equivalent.

== A$ == BS$ The strings A$ and B$ are identical.

This operator is not available
prior to Version 5B (RSTS/E)
systems.




In any string comparison (except ==), trailing blanks are ignored.
That is to say "YES" is equivalent to "YES ". Where two strings of un-
equal length are compared, the shorter is padded with trailing blanks
to the length of the longer string. A null string (of length zero) is
considered to be completely blank and is less than any string of length
greater than zero unless that string consists of all blanks in which

case the two strings are equivalent.

5.2 ASCII STRING CONVERSIONS, CHANGE STATEMENT
Individual characters in a string can be referenced through use
of the CHANGE statement. The CHANGE statement permits the user pro-

gram to transform (the entirety of) a character string into a list of
numeric values or a list of numeric values into a character string.
Each character in a string can be converted to its ASCII equivalent
or vice versa. Table 5-2 describes the relationship between the ASCII

characters and their numerical values.

As an illustration, consider the following:

LISTNH

19 DIM X(3)

15 LET A$ = "CAT"

20 CHANGE AS TO X

25 PRINT X(B)3X(1)3X(2)3X(3)
3@ END

READY

RUNNH
3 67 65 84

READY

X (1) through X(3) take on the ASCII values of the characters in the
string variable A$. The first element of X, X(#8), becomes the number
of characters present in A$. If more characters are present in the
string variable than can be accommodated in the numeric list, the
message SUBSCRIPT OUT OF RANGE is printed. The first element of

the list becomes the number of characters in the string which have
been successfully transformed into numeric values, and is less than
or equal to the dimension of the list. Notice that line 10, above,
created a 4-element array, X. A DIM statement must be used in this
instance; otherwise, the system creates a default 12l-element array,

leading to possible illogical results.



Table 5-2

ASCII Character Codes

ASCII ASCII ASCII
Decimal Char- RSTS Decimal Char- RSTS Decimal Char- RSTS
Value acter Usage Value acter Usage Value acter Usage

@ NUL FILL character 43 + 86 A4

1 SOH 44 , 87 W

2 STX 45 - 88 X

3 ETX CTRL/C 46 . 89 Y

4 EOT 47 / o@ Z

5 ENQ 48 ) 91 [

6 ACK 49 1 92 \

7 BEL BELL 58 2 93 ]

8 BS 51 3 94 ~or *

9 HT HORIZONTAL TAB 52 4 95 — or «

19 LF LINE FEED 53 5 96 ~ Grave accent
11 vT VERTICAL TAB 54 6 97 a

12 FF FORM FEED 55 7 98 b

13 CR CARRIAGE RETURN 56 8 99 [+]

14  so 57 9 199 a

15 SI  CTRL/O 58 : 191 e

16 DLE 59 ; 192 £

17 DC1 68 < 193 g

18 DC2 61 = 194 h

19 DC3 62 > 185 i

20 DC4 63 ? 1g6 j

21 NAK CTRL/U 64 e 197 k

22 SYN 65 A 198 1

23 ETB 66 B 199 m

24 CAN 67 o 11p n

25 EM 68 D 111 o

26 SUB CTRL/Z 69 E 112 P

27 ESC ESCAPE! 78 F 113 q

28 FS 71 G 114 r

29 GS 72 H 115 s

3g RS 73 I 116 t

31 Us 74 J 117 u

32 SP SPACE 75 K 118 v

33 ! 76 L 119 w

34 " 77 M 12¢ X

35 # 78 N 121 y

36 $ 79 0 122 z
37 % 8g P 123 {

38 & 8l Q 124 | Vertical Line
39 ' 82 R 125 }
ag ( 83 S 126 ~ Tilde

41 ) 84 T 127 DEL RUBOUT
42 * 85 U

ALTMODE (ASCII 125) or PREFIX (ASCII 126) keys which appear on some terminals are
translated internally into ESCAPE.

NOTE

The decimal values 128 through 255 can appear in character strings. For most
practical purposes, the characters represented by N and N+128 (decimal) are the
same. However, the characters CHRS (N) and CHRS (N+128) do not test as equal if com-
pared. Users should be careful when performing output of these values since they may
have some significance in certain device-dependent operations (see Chapter 12).
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Another program which transforms a character string into a list

of numeric values is shown below:

LISTNH
1@ DIM A(65)
15 READ AS

28 CHANGE AS TO A

25 FOR 1:=8 TO A(®)

3¢ PRINT A(CI)3sNEXT I

35 DATA ABCDEFGHIJKLMNOPQRSTUVWXYZ
42 END

READY
RUNNH
26 65 66 67 68 695 718 71 72

B2 83 84 85 86 87 88 8% 90
READY

Notice that A(f) = 26.

73

14

75

76 77

78

79 88 8l

To change numbers into string characters, CHANGE is used as

follows:

LISTNH

12 FOR 1=0 T0 5

15 READ A(I)

20 NEXT I

25 DATA 5,65,66,67,68,69
38 CHANGE A TO ag

35 PRINT A
49 EN5 $
READY

RUNNH
ABCDE

READY



This program prints ABCDE because the numbers 65 through 69 are

the code

numbers for A through E.

Before CHANGE is used in the matrix-to-string direction, the pro-

grammer must indicate the number of characters in the string as the

zero element of the matrix. In line 15 of the previous program, A (@)

is read as 5. The following is another example of a numeric list to

character string conversion:

LISTNH

1§
15

DIM V(128)

INPUT "HOW MANY CHARACTERS"™ ;V (@)
FOR 1=1 TO V(@)

INPUT V(D)

NEXT 1

CHANGE V TO AS

PRINT AS$

END

READY

RUNNH
HOW MANY CHARACTERS? 3
? 67
7 64
? 817

cev

READY
Numbers which have no character equivalent in Table 5-2 do not
cause a character to be printed.

5.3 STRING INPUT

The READ, DATA and INPUT statements can be used to input string

variables to a program. For example:

18 READ AS, B, C, D
2@ DATA 17, 14, 13,4, CAT

causes the following assignments to be made:

AS = the character string "17"
B = 14
C = 13.4

reading D as CAT causes the message ILLEGAL NUMBER AT LINE 1§
to be printed.

Quotation marks are necessary around string items in DATA state-

ments only when the string contains a comma, or when leading, trail-

ing or embedded blanks within the string are significant, or when

lower case letters are to be preserved. Quotes (single or double)

are always acceptable around string items, even though not always

necessary. For example, the items in line 40 in the following pro-

gram are all acceptable character strings and would be read as printed.
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LISTNH

18 READ AS,BS,CS$,DS$,ES

20 PRINT A$;B$;C$;D$ES

3@ PRINT A$,B$,C$,D$,ES

49 DATA "MR. JONES",MISS SMITH, "MRS., BROWN", "MISS", '"MR"'

READY

RUNNH

YR+ JONESMISSSMITHMRS, BROWNMISS" MR"

YR. JONES MISSSMITH MRS. BROWN MISS "MR"
READY

A READ statement can appear anywhere in a multiple statement line,

but a DATA statement must be the last statement on a line. See also
the MAT READ statement which reads matrices (either numeric or string),
Section 7.2.

NOTE

The data pool composed of values from the
programmed DATA statements is stored in-
ternally as an ASCII string list. Where

a numeric variable is read, the appropriate
ASCII to numeric conversions are performed.
Where a string variable is read, the string
is used as it appears in the DATA statement.
If the item did not appear in quotes, lead-
ing, trailing and embedded spaces are ig-
nored. If the item did appear in quotes,
the string variable is equated to the en-
tire string within the gquotes.

The INPUT statement is used to input character strings exactly

as though accepting numeric values. For example:

16 INPUT "YOUR HAME": N#: "YOUR AGE". A
is functionally equivalent to:

PRINT "YOUR NRME";
INFUT N#

FRINT "YOUR RGE";
INFUT R

- A P o
DRI oS e

Another feature of the INPUT statement when used with character
string input is the INPUT LINE statement of the form:

line number INPUT LINE <string variable>



For example:

18 INFUT LINE A%

which causes the program to accept a line of input from the terminal
with embedded spaces, punctuation characters, or quotes. Any charac-
ters are acceptable in a line being input to the program in this man-
ner. The program can then treat the line as a whole or in smaller seg-
ments as explained in Section 5.5 which describes string functions.

No text string can be output with the INPUT LINE statement, this
facility is only available in the INPUT statement. For example:

1@ INPUT LINE "TExT"; A%
SYHNTRX ERRORE AT LINE 18

An INPUT LINE statement reads the entire line as typed by the
user, including the line terminating character. The line terminator
is one of the following:

a. Carriage return/line feed, generated by typing the
RETURN key (appends the ASCII values 13 and 1§ to
the character string);

b. Line feed, generated by typing the LINE FEED key
(appends the ASCII values 1f, 13 and # to the char-
acter string); or

c. ESCAPE, generated by typing the ESCAPE, ALT MODE

or PREFIX key, depending upon the terminal (appends
an ASCII 27 to the character string).

5.4 STRING OUTPUT

When character string constants are included in PRINT statements,
only those characters within quotes are printed. No leading or trail-
ing spaces are added. For example:

LISTNH

16 H=1 B:V=Z 91 AE="Ff="
26 FRINT A$; K" B="y

3@ FRINT "DONE"

48 END

READY



FUNKH
A= 1 b= 2 @1
DONE

RERDY

Semicolons separating character string constants from other list items
are optional. For example, in line 20 (above) note that the variable
Y is not separated from the character string " B=" by a semicolon.

Character string output can also contain the string functions de-
scribed in Section 5.5.

5.5 STRING FUNCTIONS

Like the intrinsic mathematical functions (e.g., SIN, LOG), BASIC-
PLUS contains various functions for use with character strings. These
functions allow the program to concatenate two strings, access part of
a string, determine the number of characters in a string, generate a
character string corresponding to a given number or vice versa, search
for a substring within a larger string, and perform other useful opera-
tions. (These functions are particularly useful when dealing with
whole lines of alphanumeric information input by an INPUT LINE state-
ment.) The various functions available are summarized in Table 5-3,.

5.5.1 User-Defined String Functions

Character string functions can be written in the same way as
numeric functions. (See Sections 3.7.3 and 8.1.) The function is
indicated as being a string function by the $ character after the
function name.

User-defined string functions return character string values,
although both numeric and string values can be used as arguments to
the function. For example, the following multiple-line function (see
Section 8.1) returns the string which comes first in alphabetical
order:
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1% DEF FNF$%(A%,B3)
20 FNF$=A%

3% IF A$>BS THEN FNF$=8B%
4% FNEND

The following function combines two strings into one string:

19 DEF FNC3(X3,Y3)I=X5+Y$

Numbers cannot be used as arguments in a function where strings

are expected or vice versa. Line 80 is unacceptable:

19 DEF FNA$(A%) = CHRS(LENCA$)+1)
82 LET Z=FNA$(4)

The message:

ARGUMENTS DON'T MATCH AT LINE 84

is printed.

The following code is a string function which returns the leftmost

five characters from the sum of three arguments:

LISTNH
75 DEF FNAS$(XsYs7) = LEFT(NIMS(X+Y+Z7)»5)
834 PRINT FNA%(109,2%,3)

READY

RUNNH
123

READY

NUMS$ (123) is a five-character string, as follows:

L1}

" (space) 123 (space)



Table 5-3

String Functions!?

Function Code

Meaning

LEFT (A$,N%)

RIGHT (A$,N$%)

MID (AS$,N1%,N2%)

LEN (AS)

CHRS (N%)

ASCII(AS)

DATES (N¢%)

Indicates a substring of the string A$ from the first
character through the NtB character (the leftmost N
characters of the string A$). For example:

PRINT LEFT(A$,7%)

ABCDEFG
Indicates a substring of the string A$ from the Nth
character through the last character in A$ (the right-
most characters of the string AS$ starting with the
Nth character). For example:

PRINT RIGHT(A$,202%)
THVWXYZ

Indicates a substring of the string A$ starting with
character N1, and N2 characters long (the characters
between and including the N1 through N1+N2-1 characters
of the string AS$). For example:

PRINT MID(A$,15%55%)
OPARS

Indicates the number of characters in the string A$
(including trailing blanks). For example:

PRINT LENC(AS$)
26

Indicates a concatenation operation on two strings.
For example "ABC"+"DEF" is equivalent to "ABCDEF".
"12"+"34"+"56" is equivalent to "123456".

Generates a one-character string having the ASCII
value of N (see Table 5-2). For example: CHRS$ (65) is
equivalent to "A". Only one character can be generated.

Generates the ASCII value of the first character in
A$. For example, ASCII("X") is equivalent to 88, the
ASCII equivalent of X. If B$ = "XAB", then ASCII (BS)
= 88.

where N=f§, this function returns the current date in
the form:
12-Aug-72

This quantity can be printed on output by simple ref-
erence to the function. It should be noted that dates
are output using both upper and lower case letters.
When the output device is not capable of generating
lower case letters, the ASCII values still imply

lower case. Where N#@, the function translates N into
a date string. (See Section 8.8.)

!'A$ in the immediate mode examples is assumed to be:
"ABCDEFGHIJKLMNOPQRSTUVWXYZ" .




Table 5-3 (Cont.)

String Functions

Function Code

Meaning

INSTR(N1%,AS$,BS)

SPACES (N%)

NUMS$ (N)

VAL (AS)

TIMES (N)

Indicates a search for the substring B$ within
the string A$ beginning at character position
Nl. Returns a value of @ if B$ is not in AS,
and the character position if B$ is found to be
in A$ (character position is measured from the
start of the string with the first character
counted as character 1). For example:

PRINT INSTR(5%,A%,"0P")
15

If BS is a null string (B$ = ""), the INSTR
function returns the value 1. The null string
is a proper substring of any string and is
treated conventionally as the first element of
A$ in null string search operations. In addi-
tion, if both A$ and B$ are null strings, the
INSTR function returns the value 1

Indicates a string of N spaces, used to insert
spaces within a character string.

Indicates a string of numeric characters
representing the value of N as it would be
output by a PRINT statement. NUMS (n)=(space)n
(space) if n>@ and NUMS$ (n)=-n(space) if n<f.
For example:

PRINT NUMS(C1+20)"A"
1 A

Computes the numeric value of the string of
numeric characters A$ (may include digits, +,
-, . and E). If AS$ contains any characters not
acceptable as numeric input with the INPUT
statement, an error results. For example:

PRINT VAL('1.5E1")
15

Where N=@, this function returns the current
time-of-day as a string of the form:

1:30 PM

where N<>@, the function translates N into a

time string (See section 8.8). If the
system was generated using the 24-hour time
option, 1:30 PM is returned as 13:30.




Table 5-3 (Cont.)

String Functions

Function Code

Meaning

STRINGS (N1,N2)

CVTS$S (S$,M%)

Creates a string of length N1 and characters
whose ASCII decimal value is N2. For example,
to create a string Y$ composed of 10 space
(blank) characters CHR$ (32%), execute the
following statement:

Y$ = STRING$(108,32)

See Table 5-2 for the decimal values of ASCII
characters.

Converts the source character string
S$ according to the decimal value of
the integer M%. For a complete explana-
tion of this function, see Section 12.5.




CHAPTER 6

INTEGER AND FLOATING POINT OPERATIONS

Numbers on the system can be represented and manipulated in either
integer or floating point format as described in Section 2.5.1. The
implications of representing numbers in a certain format and the
resultant benefits are described in this chapter. Certain operations
involving integer numbers are more efficient if performed using a
forced one-word integer format. The specification of a forced integer
format and the possible integer operations are described in Section
6.1 through 6.6. The results of performing operations by mixing the
formats are described in Section 6.7. Operations using standard
floating point arithmetic and floating point scaled arithmetic are
performed as described in Section 6.8.

6.1 INTEGER CONSTANTS AND VARIABLES

Normally, all numeric values (variables and constants) specified
in a BASIC program are stored internally as floating-point numbers.
If operations to be performed deal with integer numbers, significant
economies in storage space can be achieved by use of the integer data
type (which uses only one computer word per value). Integer arithmetic
is also significantly faster than floating-point arithmetic. Integer
variables (and constants) can assume values in the range -32768 to +32767.

A constant, variable or function can be specified as an integer
by terminating its name with the % character. For example:

100% A% FNX$% (Y)
-4% Als% FNL$% (N%,L%)

The user is expected to indicate where an integer constant is to be
generated by using the % character. Otherwise a floating-point value

is normally produced.



When a floating-point value is assigned to an integer variable,
the fractional portion of that number is lost. The number is not
rounded to the nearest integer value. (A FIX function is performed
rather than an INT function.) For example:

A=-1 ol

causes A% to be assigned the value -1.

6.2 INTEGER ARITHMETIC

Arithmetic performed with integer variables is performed modulo
2416. The number range -32,768 to +32,767 is treated as continuous,
with the number after +32,767 equal to -32,768. Thus, 32767% + 2% =
-32767% and so on.

Integer division forces truncation of any remainder; for example
5%/7%=0 and 199%/100%=1. Operations can be performed in which both
integer and floating-point data are freely mixed. The result is

stored in the format indicated as the resulting variable, for example:

25 LET X7%Z = NZ + FNA(R)*2

The result of the expression on the right is truncated to provide an
integer value for X%. The result of mixing integer and floating-point
data is explained in Section 6.7.

Where program size is critical, the use of the % character to

generate integer values is encouraged as it uses significantly less
storage space. For example:

12 FOR 1%=12 TO 1972
takes less storage space and executes faster than:

160 FOR I=1 TO 19



6.3 INTEGER I/0

Input and output of integer variables is performed in exactly the
same manner as operations on floating-point variables. (Remember that
in cases where a floating-point variable has an integer value it is
automatically printed as an integer but is still stored internally as
a floating-point number and hence takes more storage space.) It is
illegal to provide a floating-point value for an integer variable
through either a READ or INPUT statement. For example:

LISTNHK

1@ READ A, B%, C, D%, E
20 PRINT A, B%Z, C, D%, E
30 DATA 2+7,3,4,5:7,6.8

READY

RUNNH
DATA FORMAT ERROR AT LINE 18

READY



when line 3¢ is changed to
38 DATA 2.7,3,4,5,6.8
the following is printed:

RUNNH
2.7 3 4 5 6.8

READY

6.4 USER DEFINED INTEGER FUNCTIONS

Functions can be written to handle integer variables as well as
floating-point variables (see Sections 3.7.3 and 8.1). A function is
defined to be of integer type by following the function name with the

% character.

A function to return the remainder when one integer is divided
by another is shown below:

10 DEF FNRZ(IZ,J%Z) = I1%-J% * (1%/J%)

and could be called later in a program as follows:
109 PRINT FNRZ(A%Z,11%)
Integer arguments can be used where floating-point arguments are

expected and vice versa as the system performs the necessary conver-

sions. However, strings cannot be used where numbers are required (or
vice versa).

75 DEF FNAZ(X%) =X7Z-17%
83 LET ZZ=FNAZ(12.34)

is acceptable. Z eguals 11 after line 80 has been executed.

6.5 USE OF INTEGERS AS LOGICAL VARIABLES

Integer variables or integer valued expressions can be used with-
in IF statements in any place that a logical expression can appear.
An integer value of @% corresponds to the logical value FALSE, and
any non-zero value is defined to be TRUE. The logical operators (AND,
OR, NOT, XOR, IMP, EQV) operate on logical (or integer) data in a
bitwise manner. The integer -1% (which is represented internally as
sixteen binary ones) is normally used by the system when a TRUE value
is required.



Logical values generated by BASIC always have the values ~-1%
(TRUE) and @% (FALSE).

The following Immediate Mode sequence illustrates the use of in-

tegers in logical applications in an IF statement:

§gugxz THEN PRINT " TRUE" ELSE PRINT "FALSE"

READY

IF =17 AND 8% THEN PRINT " TRUE" ELSE PRINT "FA "
FALSE INT LSE

READY

IF 47 AND 27 THEN PRINT " TRUE"™ ELSE PRINT "FALSE"
FALSE

READY

;;U:IZ IMP -17 THEN PRINT "TRUE"™ ELSE PRINT "FALSE"
[

READY

%;Ué<ﬂ XOR =17 THEN PRINT " TRUE" ELSE PRINT "FALSE"

READY

6.6 LOGICAL OPERATIONS ON INTEGER DATA

BASIC-PLUS permits a user program to combine integer variables
or integer valued expressions using a logical operator to give a

bit-wise integer result .

An integer value is represented internally in two's complement
notation as a sign bit and 15 data bits. Refer to Appendix F for the
description of the internal format of an integer. 1In a logical
operation, the corresponding bits of two integer values are combined
on a bit-by-bit basis determined by the logical operator used. The

logical operators are defined in Section 2.5.5.

For the purpose of logical operations, A and B as defined in the

truth tables shown in Section 2.5.5 are modified. A becomes the
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condition of one bit in one integer value, and B becomes the condition
of the bit in the corresponding bit position of another integer value.
The truth tables are as follows.

A B |A AND B A B |A OR B
T 1 1 T 1 I

1 g g 1 9 1

g 1 g /) 1 1

g g g g 2 g

A B |[A XOR B A B |A EQVB
1 1 g 1 1 1

1 g 1 1 g g

g 1 1 g 1 g
g9 g g g 1

A B {A IMP B A [ NOT A

1 1 1 1 [/}

1 '] g 1

g 1 1

g g 1

The result of a logical operation is an integer value generated
by combining the corresponding bits of two integer values according
to the rules shown in the truth tables above. For example, the
following command prints the logical product of the integers 85 and
28.

PRINT 8S5% AND 28%
20

READY

Each bit in the internal representation of 85% is combined with each
corresponding bit in the internal representation of 28% according

to the rules in the AND truth tables. By consulting the AND (logical
product) truth table, it can be seen that a bit is generated in the
bit position of the result only if both bits are 1 in the correspond-
ing bit position of the integer values 85% and 28%. The resultant
value of 2@ printed by BASIC is the integer value of the bits set in
the internal representation of the logical product.



The following command prints the logical sum of 85% and 28%.

PRINT 85% OR 28%
93

READY

From the OR (logical sum) truth table, it can be seen that a bit is
generated in the bit position of the result if either the corres-
ponding bit of the internal representation of 85% or 28% is a 1.
The resultant value of 93 printed by BASIC is the integer value of
the bits set in the internal representation of the logical sum.

The result of any logical operation can be assigned to an
integer variable. For example, the following statement assigns a
logical product to an integer variable which, in turn, can be printed.

LISTNH
186 Cx = 85% AND 282
20 PRINT C%

READY

RUNNH
29

READY

The logical operation can be used to mask a particular bit
pattern. For example, the following BASIC-PLUS statement is used to
generate the value of the low order eight bits, L%, of an integer
word, W%.

10 L% = W& AND 255%

The internal representation of 255% is such that the low order eight
bits (bits @ through 7) are all 1, and the high order eight bits
(bits 8 through 15) are all @. The AND operation (logical product)
generates a bit in L% only if a bit appears in the corresponding bit
position of both W% and 255%. Since 255% is known to contain all
zeros in the high order bits and all ones in the low order bits, the
result L% reflects the presence of bits set and cleared in the low
order eight bits of W%. Such a use of a bit pattern is called
masking, where the internal representation of 255% is such that it



provides a mask to hide one portion of a bit pattern (the high order
bits of W%) and reveals another portion of a bit pattern (the low
order bits of W%).

In summary, integer values can be combined as described in
Section 6.2 using arithmetic (mathematical) operators to give arith-
metic results. Integer values can be compared using relational
operators (see Section 2.5.4) and can be combined using logical
operators (see Section 2.5.5) to give either a TRUE or FALSE result
as described in Section 3.5 or to give 0% for false or -1% for true
as described in Section 6.5. 1In any case, the results of all rela-
tional and logical operations are integer values. When a logical
operation is performed in conjunction with arithmetic and relational
operations, the priority scheme as described in Section 3.5 is used
to determine the hierarchy of operations.

Thus, with the feature described in this section, integer
variables and integer valued expressions can be operated on by AND,
OR, XOR, EQV, IMP and NOT to give a bit-wise integer result.



6.7 MIXED MODE ARITHMETIC

The user can perform arithmetic operations using a mix of integer
and floating point numbers. To force a floating point representation
of an integer constant, terminate it with a decimal point. Use the %
character as described in Section 6.1 to force an integer representa-
tion of a constant. Constants without a decimal point or % character
are termed ambiguous. The remainder of this section describes the
results of arithmetic operations using a mix of numbers.

If both operands of an arithmetic operation are either explicitly
integer or floating point, the system generates, respectively, integer
or floating point results. If one operand of an arithmetic operation
is an integer and another is floating point, the system converts the
integer to a floating point representation and generates a floating
point result. For example,

PRINT 1R%/2%3 17243 1%/2¢3 14/72%
@ +5 +5 5

READY

In the first two operations, the system generates the explicit results;
in the second two, the system converts the explicit integer and gener-
ates floating point results.

When an ambiguous constant appears in an arithmetic expression
(for example, 10 as opposed to 10% and 10.), the system represents it
in integer format if an integer variable (for example, I%) or an in-
teger constant (for example, 3%) occurs anywhere to the left of the
constant in the expression. Otherwise, the system treats the ambiguous
constant as a floating point number. The system performs the opera-
tion according to the rules described above. For example,

PRINT 1%/72;5 1/2%3 1/2
@ «5 .5

READY

In the first operation, the system treats the 2 as an integer because
an explicit integer representation appears to the left in the expres-
sion. 1In the next two operations, the system treats the ambiguous
constants as floating point numbers since no explicit integer variable
or constant appears to the left of the ambiguous constant in the
expression.



Since the format of the results determines the results of many
operations, the user must explicitly impose the correct format by use
of the per cent sign or the decimal point. For example, compare the
following calculations, assuming A(2%)=0 in each expression.

PRINT A(2%2)+(32767+2)5 A(2%) + (32767.+2)
-32767 32769

READY

The result of the first expression is guided by the appearance of the
per cent sign and forces an integer result. The decimal point in the
second expression forces results in floating point format. The same
principle applies in the following example.

PRINT 1% + 1723 1. + 1725 1 + 1/2
1 15 1.5

READY

The explicit per cent sign and the decimal point determine the format
of the result and enables the user to control the result.

6.8 FLOATING POINT AND SCALED ARITHMETIC

Floating point numbers occupy either two 16-bit words or four
16-bit words of storage in memory. With the single precision package,
2 words are used; with the double precision package, 4 words are used.
Appendix F describes the internal format of the two packages.

With the 2-word format, the user can accurately represent numbers
up to six decimal digits, and, with the 4-word format, numbers up to
15 decimal digits. Both formats allow numbers in the range 10-38 to
10+38 approximately. An attempt to assign or compute a number outside
the allowed range causes the FLOATING POINT ERROR condition (ERR = 48).

The system performs output of numeric results of floating point
calculations as described in Section 2.5.1. To perform output of
numbers larger than six digits, the user can tailor the format as
described in Section 10.4.1 for the PRINT USING statement.

Since all fractional numbers cannot be represented exactly in
binary notation, certain calculations in floating point result in an
accumulated error. For example, the following calculation, run in

standard four-word floating point, results in an accumulated error.
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LISTNH

18 X = 0

20 X = X + .81 FOR 1%=1% TO 108002
30 PRINT X - 108: END

READY

RUNNH
-+177636E-11

READY

If no accumulated error exists, the result is 0. Running the example
code on a system using the two-word format generates a much greater
accumulated error (approximately .00295).

To perform decimal calculation on a system having the double pre-
cision floating point (4-word) math package, the user can employ the
scaled arithmetic feature to avoid accumulated error. Systems with
two word precision do not have scaled arithmetic. The user can specify
the number of decimal places in fractional numbers by use of the SCALE
command. (See the description of the SCALE command in Section 2.8 of
the RSTS-11 System User's Guide).

With the scaled arithmetic feature, the user can select a scale
factor between 0 and 6. The system uses the scale factor to preserve
the accuracy of fractional numbers to that number of decimal places.
The value 0 is a special scale factor which disables the scaled arith-
metic feature and allows the system to perform calculations using
standard double precision floating point arithmetic.

With a scale factor of n between 1 and 6 in effect, the system,
upon input of a floating point number, internally moves the decimal
point n places to the right and rounds it to an integer. The sys-
tem performs all subsequent calculations with the floating point
integers and, in turn, translates the result of each arithmetic opera-
tion into a floating point integer with the scale factor n. On output,
the system moves the decimal point to the left n places (descales) and
passes the result to the PRINT or PRINT USING routines to format.



A scale factor between 1 and 6 determines the accuracy of frac-
tional numbers. For example, with a scale factor of 2 in effect, the
following statement, upon input,

XO-OI

causes the system to move the decimal point 2 places to the right. If
any rounding is necessary, the system does it at this point. The
system then converts the result, 1, to a floating point representation.
Similarly, .l becomes 10 internally; and all numbers less than .005
become g.

The scaled arithmetic conversion thus avoids the loss of preci-
sion inherent in representing fractional numbers in binary notation
since the system can represent the integer accurately in floating
point format. This feature, therefore, allows more predictable arith-
metic results. For example, running the following calculation with a
scale factor of 2 yields a 0 result.

LISTNH

10 X =0

20 X = X + 01 FOR 12=1%2 TO 1060%
3@ PRINT X ~ 10@: END

READY

RUNNH
)

READY

The scaling factor of 2 eliminates the inaccuracy in representing a
fraction two places to the right of the decimal point.

The range of integer numbers which can be represented accurately
decreases according to the scale factor in effect. For example, with
a scale factor of 2 in effect, two of the 15 digits must be used to
represent the two digits of fraction. There remains 13 places to
accurately represent the integer portion of the number.

With a scale factor in effect, the system handles output by PRINT
and PRINT USING statements in the standard manner. The PRINT state-
ment still handles 6 digits or less and uses the E format for numbers
larger than 6 digits. The PRINT USING statement formats numbers
according to the specified string.



The mathematical functions described in Section 3.7 can be used
in conjunction with the scaled arithmetic feature. With a non-zero
scale factor in effect, the system automatically descales the number
passed, computes the value of the function, and converts, with any
necessary rounding, the value returned to an appropriately scaled

floating point integer.



CHAPTER 7

MATRIX MANIPULATION

This Chapter deals with BASIC-PLUS matrix manipulation commands. Ma-

trices can be composed of variables of any type. A single matrix, how-
ever, is composed of a single type of data: floating-point, integer,

or character string. The MAT operations do not set the zero elements

[A(ﬂ» or B(#,n) and B(n,@)] of the specified matrix to conform with

the requested operation.

7.1 BASIC-PLUS ARRAY STORAGE

A BASIC-PLUS program can define the size of a matrix in one of
two ways: explicitly, by including the matrix in a dimension state-
ment, or implicitly, where the matrix does not appear in any dimension
statement. Implicitly dimensioned matrices are assumed to have ten
elements in each dimension referenced (size 10 for a one-dimensional
matrix and size 10 by 10 for a two-dimensional matrix, with each
dimension also having a zero row and column). Implicitly dimensioning
the matrix A(I,J), for example, has the same effect as explicitly in-

cluding the following statement:

19 DIM A(106,10)

Dimensioning a matrix (explicitly or implicitly) establishes two
quantities for the system: the default number of elements in each
row and column and the maximum number of elements in the matrix.
Through use of the MAT commands, described in this Chapter, the program
can alter the number of elements in each row and the number of columns
in the matrix as long as the total number of elements does not exceed
the number defined when the matrix was dimensioned. Changing the num-
ber of elements in either or both dimensions is termed redimensioning

the matrix.

When a matrix is redimensioned, the user program should take
care not to reference elements outside the currently dimensioned
range of the matrix. For example, if the range of matrix A is 5 by 7,
referencing A(3,8) is improper and, although no error is generated,
generally results in some element elsewhere in the matrix being

destroyed.



7.2 MAT READ STATEMENT

The MAT READ statement is used to read the value of each element
of a matrix from DATA statements. The format of the statement is as

follows:
line number MAT READ <list of matrices>

Each element in the list of matrices indicates the maximum amount of
the matrix to be read (which cannot be greater than the dimensioned
size of the matrix). The individual elements are separated by commas.
If the matrix name is used without a subscript, the entire matrix is

read. For example:

13 DIM A(20,20)
23 MAT READ A

The above lines read a twenty by twenty matrix of floating-point data.
Data is read row by row; that is, the second subscript varies most

rapidly. If line 20 had read:

20 MAT READ A(5,15)

a five by fifteen matrix would be read and the matrix A would be re-

dimensioned.

7.3 MAT PRINT STATEMENT

The MAT PRINT statement prints each element of a one or two

dimensional matrix. The statement is of the form:
line number MAT PRINT <matrix name> {;}

If the matrix name consists of an unsubscripted matrix name, the
entire matrix is printed. If the matrix name is subscripted, then
the subscript indicates the maximum size of the matrix to be printed
(but does not redimension the matrix). Only one matrix can be out-
put by a single MAT PRINT statement.

If the matrix name is followed by a semicolon (;), the data
values are printed in a packed fashion. If the matrix name is
followed by a comma (,), the data values are printed across the

line with one value per print zone. If neither character follows



the matrix name (the null case), each element is printed on a

separate line.

13 DIM AC193,10),B(20,20)

120 MAT PRINT Aj 'PRINT 10*103 MATRIX,PACKED FORMAT
139 MAT PRINT B(N.M), 'PRINT N*M MATRIX, 5 ELEMENTS
'PER LINE

One dimensional arrays can be printed in either row or column
format.

MAT PRINT V

where V is a singly dimensioned array, prints the array V as a
column matrix, and

MAT PRINT V.,
prints the array V as a row matrix, five values per line.
MAT PRINT V;

prints the array V as a row matrix, closely packed. For example:

LISTNH

180 DIM AC7)>X(5)

2@ MAT READ A,X

3% MAT PRINT A3 :PRINT:MAT PRINT X

40 DATA 21,22,23,24535536537551552,53,54,55
5@ END

READY

RIJNNH
21 22 23 24 35 36 37

51
52
53
54
55

7.4 MAT INPUT STATEMENT

The MAT INPUT statement is used to input the value of each

element of a predimensioned matrix. The statement is of the form:

line number MAT INPUT <list of matrices>



Input is read from the keyboard, as with a normal INPUT statement,

and a ? character is printed when the program is ready to accept the
input. The LINE FEED key can be used to continue typing data on suc-
ceeding lines. The RETURN or ESCAPE key is used to enter the data to
the system. MAT INPUT does not affect row zero or column zero of the

matrix.

The MAT INPUT statement allows input of integer, floating-point
or character string values depending upon the variable names. Where
more than one matrix is to be input by the same MAT INPUT statements,

the names are separated by commas. For example:

19 DIM AZ(2A),B(15)
20 MAT INPIT AZsB

causes the program to input twenty integer elements for the array

A% and fifteen floating-point values for the array B.
Where an array or matrix element is specified, for example:

200 MAT INWIIT NZ%(25)

only 25 elements of the array are input, regardless of the number of
elements originally specified when the array was dimensioned. The

array is then redimensioned. For example:

5% DIM A(20,20),8B%(2,2)

120 MAT INPJT A(2,51)
119 MAT INPUT B%,C3

The matrix A is redimensioned in line 1#g@. The INPUT statement pro-
ceeds to accept input until the entire matrix has been read or the
RETURN or ESCAPE delimiter is encountered. Several lines can be
input by terminating the physical keyboard line with a line feed to
indicate continuation on the following line.

Following the input of a matrix, the two variables NUM and NUM2
contain the number of elements input. NUM contains the number of
rows input or, for a one dimensional matrix, the number of elements
entered. NUM2 contains the number of elements in the last row. For
example, the following program inputs a variable size matrix (up to
10x10):



50 DIM AC103510)

108 INPUT "TYPE MATRIX DIMENSIONS'";N,M

110 MAT INPUT ACN,M)

120 !CHECK TO SEE IF ENTIRE MATRIX WAS ENTERED
139 IF NUMxNUM2=N*M THEN 1000

143 PRINT *"YOU DIDN'T ENTER THE WHOLE MATRIX"
150 GOTO 100

Unlike the INPUT statement, no text string can be output with the MAT
INPUT statement. For example:

109 MAT INPUT "TEXT' AZ
SYNTAX ERROR AT LINE 109

7.5 MATRIX INITIALIZATION STATEMENTS

A matrix initialization statement allows the user to create ini-
tial values for the elements of a matrix. The statement is of the

form:

{(DIM1,DIN2),

line number MAT <name>=<value> (DIM1)

The name specified is the name of a predimensioned matrix, and the op-
tional DIMI and DIM2 specifications indicate the size of the matrix
to be initialized. When specified, DIM1 and DIM2 cause the matrix to

be redimensioned. The value can be one of the following:

Value Meaning

ZER Sets all elements of the matrix to @ (this is
true of all matrices when they are first cre-
ated) . (Function does not set row @ or column
g.)

CON Sets all elements of the matrix to 1. (Function
does not set row g or column #.)

IDN Sets up an identity matrix (all elements are #
except for those on the diagonal, A(I,I), which
are 1). (Function does not set row § or column
g.)

If no dimensions are indicated (DIM1 and DIM2 are not specified)
in a matrix initialization statement, the existing dimensions of the

matrix are assumed to be unchanged. For example:

1 DIM A(175183)5B(15),C(203,20)

20 MAT A=ZER !SETS ALL ELEMENTS OF A=0

32 MAT B=CONC1®) !'SETS FIRST 10 ELEMENTS OF B=1l
4% MAT C=IDNC(10,103)

It should be noted that these instructions do not set row zero

or column zero.



7.6 MATRIX CALCULATIONS

Mathematical operators and two intrinsic functions are available

for use with matrices.

7.6.1 Matrix Operations

The operations of addition, subtraction, and multiplication can

be performed on matrices using the common BASIC mathematical symbols.

Each of the matrix operation statements is begun with the word
MAT and followed by the expression to be evaluated. Each of the ma-
trices involved must be predefined in a DIM statement. The subscripts
of the matrices need not be indicated on the statement. The matrices
indicated for any operation must be conformable to that operation. A

subset of one matrix cannot be indicated as part of an operation.

148 DIM ACSAY, BOZG:. COS@:

128 MAT C=AR+E

F:UNNH

MATEIX DTIMENSION ERROR RT LINE 12
RERDY

In order for line 120 to execute properly, line 110 should read:

118 DIM ACSAX BOSEY, COSE

Multiplication of conformable matrices is indicated as follows:

16 DIW Doda, S0, 005, 1680, Fdo18. 167
206 MAT R = [«C

By conformable matrices is meant that the number of columns in matrix
D is equal to the number of rows in matrix C. The dimensions of the
matrix R must be large enough to contain the number of columns in D
and the number of rows in C. The operation MAT A=A*B or MAT A=B*A

is illegal.
Scalar multiplication of a matrix is performed as follows:
1145 MAT C = C(E»*A

Each element of matrix A is multiplied by the scalar value (constant,

variable, or formula) K, indicated in parentheses.
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The form MAT A= (K)*A is legal. Matrix A can be copied into matrix C

(providing sufficient space is available in m<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>