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INTRODUCTION TO BASIC I

HP BASIC/BOOO is a programming language designed for use at a keyboard términal.

It may also be used for batch jobs on paper tape and cards, To use BASIC at a
terminal, the terminal must gainaccess to the BASIC/3000 Interpreter through
the HP Multiprogramming Executive Operating System (WPE/3000), The BASIC/3000
Interpreter is the contro; program for BASIG/BOOO. .
BASIC/3000 consists of statements for writing program;:ibmmands for controlling
'program*operation. This section describes how to log on and log off, how to
énter_commands and statements and make corrections, A few simple programs are
used for illustration, buf the actual programming language is not described

until Section 1I,

This manual assumes that the user knows how to connect his terminal, and is
familiaxr with hls terminal keyboard. Special keys with particular functions

in BASIC are described in this section.

In this section only, characters t&ped by the computer are underlined to
distinguish them from user input. Subsequent sections assume that this dis-

tinction is clear to the user.



SPECIAL KEYS

Return Must be pressed after every command and statement,

It terminates the line and causes the teleprinter

to return to the first print position, BASIC returns

a line feed, N
Linefeed . Advances the teleprinter one line, _
CTRL When pressed simultaneously with another key,

converts the key to a control character that

is usually non-printing,

CrRL H  (8°) Deletes the previous character in a line, It prints
the character \ for each character deleted,

CTRL X (x°) Cancels the line currently being typed, It typeé
| three exclamation points on the iire and then givey
a return and line feed to the beginning of the next

line,

BREAK Stops all BASIC/3000 activity and returns the user
to the operating system (MPE/3000), BASIC/3000 can

be re-entered by typing RESUME,

CTRL Y (¥©) . Susperds a particular BASIC/3000 program or command
and returns to the BASIC/3000 Interpreter. To return

control to a program, .type GO,
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PROMPT CHARACTERS

| . BASIC/BOOO uses a set of prompting characters to signal to the user that certain

input is expected or that certain actions are completed,

> The prompt character for the BASIG/BOOO Interpreter; a BASIC

command or statement 1s expected,

3 The prompt character for the MPE Operating System; MPE

commands such as HELLO or BASIC are expected,

? User input 1is expected during execution of an INPUT or

ENTER statement.

??  Further input is expected during execution of an INFUT

statement,

p | BASIC expects a continuation line when the previous line

| . was terminated by a &,

A full line has been deleted with CTRL X,

\. A single character was deleted with CTRL H,

??? A BASIC command was misstyped; re-enter it correctly,
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LOGGING ON AND OFF

Logging On |
Once the terminal is connected and ready, the user presses the carriage

return, MPE responds with a colon (1) at the beginning of the line, The

user may now log on, He should know his user and account jdentification codes,

and also the user and account passwords,

To log on, type: : $HELLO JOANG.STUDENT

JOANG and STUDENT are sample USER PASSWORD?

user an§ account identifica- XXXXXXXXX

tion codes, A period must

_ ACCOUNT PASSWORD?
be typed between thenm, ‘

The computer types a mask . XXXXAXXXX
over which the passwords

. are typed, This preserves SESSION WUMBER _ :
MON, JAN ©, i575,

HP32200A K1 .23

password privacy.

The last line identifie§ the Multiprogramming Executive Operating System (MPE/3000),

‘Entering BASIC

Following log on, the MPE Operatiné System signals it is ready for the next
command by printing a colon., The user may now request the BASIC/3000 Interpreter
by typing BASIC,

To enter BASIC, type: :_BASIC

BASIC signals that it has
L'-I"SIC 1 .:"

control with a greater-than -

sign at the start of the

. line, >

BASIC commands and statements can now be entered, Each commanii or statement is

prompted by the greater-than sign at the start of a new line,
I
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. The computer types a colon: :

Leaving Easic

YT

When the user is through, he returns control to MPZ/3000 with the EXIT command,

To leave BASIC, type: SEXIT

END 'OF PROGRAMNM

The computer priniss
and MPE/3000 signals that

it has resumed control - ; '

with a colon,

Logging Off
Hher_x a session at the terminal is finished, the user logs off with the MPE
command BYE, He must have already exited from the BASIC Interpreter by typing

EXIT, When MPE prints a colon, the user can type BYE,

To log off, types. =~ 3BYE
FOhN, Jall 8
24D OF SESS

., 1973, 1:22 Br
104 .

MPE records the da.'l_:e and

the time,

Suspending Basic

The user may want to return to the MPE Operating System temporarily. He can

leave BASIC, return to MPE control, enter MPE commands and then return to the

same point in his BASIC progranm, | To do this, he uses the SYSTEM comfnénd or the

BREAK key. For operation of the BREAK key, see Special Keys, this section,.

To suspend BASIC operationi \ SYSTEM

The usexr may then enter any MPE commands, When he wishes to return to BASIC,

he iypes RESUME, The system responds with a > .
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CORRECTING ERRORS

Several types of errors may be made while logging on, We will conslder spelling
mistakes, format errors and incorrect passwords or codes., The methods for

correcting these errors are general and can be used in BASIC as well as under

control of MPE,

Corrections can be made while the line is belng entered if the error is noticed
before RETURN is pressed, The control character CTRL H (H®) can be used to
correct - a few characters just typed, or the control character CTRL X (x°) can

be used to cancel the line and start fresh,

Suppose the user misspells the

command HELLO, H® will delete
-$HELO\LO JOANG.STUDENT
the last character and print a
‘ USER PASSWCES?

back slash, The user retypes
the character correctly and fin-
ishes the line, When he presses
RETURN, the line is entered

correctly,

If several characters have been typed after the error, H® must ve typed for

each character to be deleted,

In this case, four characters $HELO JCN\\N\LO JOANGWSTUSENT

including the blank are USER PASSWORD?

deleted,
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Another method is to use X© to cancel the line, x° must be typed before RETURN

is pressed,

To cancel the line, type x° *HELO!1!

Three exclamation points are
typed and the computer responds
with a return and line feed, The

user retypes the line; ' HELLO JOANG+STUDENT

If a mistake is made in a line and then the return key is pressed, the incorrect
line is entered, The computer then prints a dlagnestic message., The message

printed depends on the type of mistake,
_ o
A misspelled word or an error in the command format results in x message!

FORMAT EHHOH,

In this case, a couma Is bLvied

‘ "$HELLO JOANG,STUDENT
instead of a perlod to separate FORNAT ERROR

the user and account identification
codes,

¢HELLC JOANG.,STUDENT

The u can t ain: -
e user Iy ag USER PASSWORD?

If the password itself or the identification codes are entered incorrectly, the

conputer prints another messa.geg:.ILLEGAL ACCESS,

Suppose the user typess: ~ SHELLO JOANG.STLDIT
TLLEGAL ACCESS

the computer respondss

The account identification and passwords must be spelled correctly if the user

‘ is to have access to the systenm,




BASIC COMMANDS AND STATEMENTS

, COMMANDS , -

- . < BASIC/BOOO connands instruct the BASIC/BOOO Interpreter to pexrform certain control
functions, Commands differ from the statemenfs used to write & program in the
BASIC/BOOO language, A command instructs the Interpreter to pexrform some action
immediately, while a statement 1;rzhstrucfion to perform an action only when

| the program is run, A statement 1s always preceded by a statement number; a

command never 1is,

Any BASIC/3000 command can be entered following the BASIC prompt character » .
Bach command is a single word that must be typed in its entlrety with no embedded
blanks, If miSspelled, it will cause the computer to send an error message., Some

commands have parameters to further define commahd overation,

For instance, EXIT is a command that signa;s completion of a BASIC program and
. return to the operating system, It has no parameters, Another command, LIST.

prints the program currently being entered, It may have parameters to specify

that only part of the program is to be listed, or to indicate a particulér list

destination,

STATEMENTS, Statements are used to write a BASIC/3000 program that will
subsequently be executed, Each statement performs a particular operation,

. Every statement entered beccomes part of the current progiam and is kept until

explicitly deleted or the user exits from BASIC with EXIT,

A statement 1s always preceded by a statement number, This number is an inteéer
between 1 and 9999, The statement number indicates the order in which the
statements will be executed, Statements are ordered by BASIC from the lowest

to the highest statement number, Since this order is maintained by the inter-
preter, it is not necessary for the user to enter statements ih.execution oxrder

so long as the numbers are in that order,
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Following each statement, the return key is pressed to inform the '1nterpreter
that the ;statement is complete, The interpreter returns a line feed and
prints the character > on the next line to signal that the statement is
.accepted. If an error is made entering the statement, the computer prints

an error message,

BASIC/3000 statements have a free forrat., This means that blanks are

1gnofed.
For instance, all these >3¢ PRINT S
- statements are equivalent, >3ZPRINTS

>30 PRIKT S

> 3B8PRINTS

Any statement except REM (to introduce remarks) can continue on more than
one line, Each lins ¢to bte continued must erd with the character &3 only
the first line has a statement number, When the computer expects a continuation

line, it prompts with two greater than characters,

The statement 100 PRINT 35+5

is entered on two linest




Error Messages

If an error is made in a line and the line is entered with return, the interpreter
types a message., The message conslsis of the word ERROR followed by @ and a
number. indicating about how many nonf-blank characters were read before an error

was detected.

If this line is entered: >32 PRING S

the cﬁmputer prints a ’

message. . |
.The usexr then presses thg return key and enfers the correct line after the BASIC

prompt charactexr >

It thg mistake is not obvious, type any character after the message instead of

pressing return, The computer will print a diagnostic message,

>33 PRING S
For instance: ERRORE2: _

UJRECOGNIZABLE STATEKEST TYPE

Typing a semi-colon causes the diagnostic message to be printed, Any other

- character could have been typed with the same result,

I-10

' .,,_..,
e e O R AR —




Changing or Deleting a Statement

If an error is made before the return key is pressed, the error can be corrected

with CTRL H (H®) or the line may be cancelled with CTRL X (). (See Correcting
Errors, above), After return is pressed, the error can be corrected by deleting

or changing the statement,

To change a statement, simply type the statement number followed by the correct

statement,
To change this statement: . >33 PRINT X
‘retype it as: >33 PRINT S

A change such as this can be made aqizzhe before the program is run,

To delete a statement, type the statement number followed by a return,

Statement 30’is deleteds >30

The DELETE command, described in section II, is useful to delete a group of

.statements.
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BASIC PROGRAMS

Any statement or group of statements that will run constitutes a program,

A program can have as few as one stafement.

Thls 1s-an example of a

; >182 PRINT 3545
program with only one '
statenent,

100 is the statement number (also referred to as a statement label or line number),
PRINT is the key woxrd or instruction that tells the interpreter the kind of action
to perform, In this case, it prints the result of the expression that follows.
35+5 1s an arithmetic expression, It is evaluated by the interpreter, and when

the program is run, the result is printed,’

The statement 100 PRINT 35+5 is a complete program since it can run with no
other statements and produce a result, Usually a program contains more than

one statement, The three statements below are a program,

_?l:l INFUT .—.,D,C,:,.‘: :

">zl LET S = (A#ZH4C+2+) /5

>39 PRINT S
This program, which calculates the average of five numbers, is shown in the
oxrder of its execution, It could be entered in any order if the statement

nunbers assigned to each statement were not changed,

This program runs exactly ‘ )
27 LET S=(n+B+C+T+E) /5

like the program above, >173 1dPUT A,E,C,D,E
>32% PRINT S
It 1s renerally a good idea 45 ni-“er statements in incrarents of 10, This

allous room to intersrerse odditional atatenents as needed,
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User's Work Area

When statenents are tyned at the terminal, these statements becore part of
the user'’s work area, All statements in the vser's work area constitute
the current program, When commands are executed that affect a program, such

as LIST or RUN, the entire current program is affected,

Any statement in the user's work area can be edited or corrected; the
resulting statement will then replace the previous version in the user's

work area,

When the user exits from BASIC with the EXIT command, the work area is
cleared, If, however, he only suspends BASIC operation with the SYSTEM

command or the BREAK key, the user's work area is not changed,
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LISTING A PROGRAM

At any time while a program is being entered, the LIST command can be used
to produce a listing of the statements that have been accepted by the
" computer, LIST causes the computer to print at the terminal a_list of

the current program,

.After deleting or changing a line, LIST can be used to check that the

deletion or correction has béen made,

A correction is made >12 U\I NPUT A 4B ,C4D,E
>2@ PR\\LZIT S = (A+,+C+D+ )/5

while entering a : ,53 PRIJT S
programs
To check the correction, >LIST

o 13 INPUT £,3,C,D,F
1ist the programs _ 24 LET S= (h+B+C+.,+ Y/75°

3.5 PRINT 5

Note that the greater-than prompt character is not printed in the listing, but
is printed when the list is completé to signal that BASIC is re;dy for the next

command or statement,
Should the statements ha.ve been entered out of order, the LIST command

will cause them to be printed in a.scending order by statement number,

For instance, the progran 528 LET S = (A+B4CHDHE) /5

>33 PRINT S

1 t '
s entered in this orders >139 1WPUT w,B8,C,D,E

The list is in correct >LIST
7713 I9PUT &,B,C,D,E
order for execution: 22 LET Sz (A+B+C+D+E) /5
33 PRINT S

>
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RUNNING A PROGRAM

After the program 1s entered and, if desired,checked ‘with LIST, it can ve

executed with the RUN command, RUN will be illustrated with two sample
prograns,

The first program has one lines >123 PRINT 35+5
When run, the result of the

_ >RUN
expression 35+5 1s printeds 42

Because the program contains a FRINT statement, the result is printed when the

- progranm is run,

The second sample program averages a group of five numbers, The numbers must be

input by the user,

>19 INPUT A4,B,C,D,E
>28 LET S = (a+3+4C+D+EDX/5> - .«
>38 PRINT S

Each of the letters follo.iig the word INPUT ani separated by commas namco a
variable that will contaln a value input by the user from'the terminal, When
the program 1s run, the interpreter signals that input 1s expected by printing
a questlion mark. The user enters the values following the question mark, Each

value must be separated by commas,

The statement LET S ='(A+B+C+D+E)/5 assligns the value of the expression to the
right of the equals sign to the variable S on the left of the equals sign, The
expresslon first adds the variable values within parentheses and then divides'

them by 5. The result is the value of S,

When the program is run,

the user enters input values

and the computer prints the >RUN
.?7’5.6,8’9
results T
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DELETING A PROGRAM

If a program that has been entered and run is no longer needed, it can be
deleted with the SCRATCH command, Typing SCR or SCRATCH deletes whatever

program has been entered by the user during the current session,

The first program entered was 100 PRINT 35+5, After it has run, it should
be scratched before entering the next program., Otherwise both programs will
run when RUN is typed., They will fun in the order of their statement
mnbers, For insiance, if both programé are currently in the user's work

area, the program with numbers 10 through 30 executes before line 100,

Both 111 >RUN .
programs w run 27,5,3,6,!
when RUN is typed :54.

To avold confusing results, a program that has been entered and run can be

deleted with SCRATCH:

After entering and running . >122 PRINT 35+5
SRUN
a2

the program is scratcheds 3SCRATCH

The users work area is now cleared and another progrém can be entered,

The second progranm is

» 512 1iPUT 4,5,C,0,2
entered S22 LET Sz (AotCiDri) /s
532 PEILT S
>3xUa
715,25,32,11,25
2204

|
|

Unless this program is to be run again, it can now be scratched and a third

program entered,
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DOCUMENTING A PROGRAM

Remarks that explain or comment can be inserted in a program
with the REM statement, Any remarks typed after REM wlll be printed in
the program listing but will not affect program execution, The remarks
cannot be continued on the next line, but as many REM statements can be
entered as are needed,

The sample program to
>5 ki THIS PROGRAM AVEZRAGES

average 5 numbers can >7 REN 5 &UFBERS
515 REM 5 VALUZS MUST BE IWPUT
be documented with 525 KEM S CONTALNS THE AVERaGE

several remarkss

The statement numbers determine the position of the remarks within the

existing program, A list will show them in order:

List of sample program SLIST
: "~ 5 REM THIS PROGRAM AVER:
including rewarks: : 7 REN 5 NudB RS AVERAGES

16 INPUT A,B,C,D,Z
15 RZM 5 VALUES MUST BE IWNPUT
20 LET S=(A+B+C+D2+%) /5
25 REM S CONT&INS THEZ AVERAGE
32 PRINT S

> )

When run, the program will execute exactly as it did before the remarks

were entered,
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ESSENTIALS OF BASIC II

The first section introduced the user to BASIC programming, This section
describes the statements nceded to write a simple BASIC program, It also
describes the commands used to run a program, to edit & program, and to save

and manipulate library progranms,

The section begins with a description of expressions used in BASIC, and
-the constants, variables, functions -and operators used in the formation

of expressions,
Subsequent sections discuss particular features of more advanced BASIC

The simple PRINT statement and RUN command used in Sectioh I are ugsed again
in this section prior to the explanation qf the full capabilities of PRINT

and RUN,



EXPRESSIONS

An expression combines constants, variables, or functions with operators in

an ordered sequence, When evaluated, an expression must resultsin a value,

An expression that, when evaluated, 1s converted to an integer, is called an
integer expression, Constants, varlables, and functlons represent values;

operators tell the computer the type of operation to perform on these values,

Some exanples of expressions ares

(P + 5)/27 : P is a variable that must have been e
| previously assigned a value, 5 and
27 are consta&é. The slash is the
divide operator, .Parentheses group
those portions of the expression
evaluated'first.

If P = 49, the value of the expression is 2,

(N-(R+5))-T N, R, and T must all have been assigned
values, <+ amd - are the add and subtract
operators. The innermost parentheses

enclose the part evaluated first,

If N=20, R=10, and T=5, the value of the
" expression is zero,

AY

Constants

A constant is either numeric or it is a literal string.
Numeric Constants, A numeric constant is a positive or negative decimal number

: tL\ p”{l’a:\\\\ 5
including zero, It may be written in any of tﬁége fé&ms:

¢ As an Iinteger ~ a serles of digits with no decimal point
e As a fixed point number - a serles of digits with one decimal point
e As a floating point number - an integer or fixed point number followed

by the letter E and an optionally signed integer
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Examples of Integers:
1234
o 70

0

Examples of Fixed Point Numberss
1234,
1234, 56
0123 | | -

Floating Point Numbers, In the floating point notation, the number preceding
E is a magnitude that is multiplied by some power of 10, The integer after
E is the exponent, that is, it is the power of 10 by which the magnitude is

multiplied..

The exponent of a fleating point number is used to position the decimal
point, Without this notation, describing.a very large or very small
number would be cunbersomei

1E435 = 1000OOOOOOO0000000000000000900000000

1E-35 = »00000000000000000000000000000000001 .

Examples of Floaling-Point Numberss

1E+23 ‘ f 1x 1923- = 1000Q0000000000000Q99Q00
1,0E23 (same as above)

+001E26 (same as above)

1,02E+4 = 1,02 x 10* = 10200,

1,02E-1 = ,000102

Within the computer, all these constants are represented as floating-point real
numbers with a magnitude whose precision is 6 or 7 digits and an exponent in

the range =77 to +77,

it e it e A, A2
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Literal Strings. A literal string consists of a sequence of characters in the ASCII
character set enclosed within quotes, The quote itself is the only character excluded

. from the character string, By using an integer equivalent of the graphic character,
even the quote may be included in a character string (see Strings, Section V),

Examples of Literal Strings:

“ABC" wn ° (a null, empty, or zero length string)
"{IWHAT A DAY!!" v w (a string with two blanks)
" x Y ‘ Z " '

Blank spaces are significant within a string,

Variables

A variable is a name to which a value is assigned, . This value may be changed during
program execution, A reference to the variable acts as a reference to its current
value, Variables are either numeric or string,

Numeric variables are a single letter (from A to Z) or a letter inunedia.teiy followed

. by & nunber {from 0 to 93

A AO
P P5
X X9

A variable of this type always contains a numeric value that
- 4s represented in the computer bya real floating-point number, Other numeric representa-
tions can lbe specifically requested with the type statement (see Variable Types, Section IV)

These types are integer, long floating-point, and complex,

-A variable may also contain a string of characters, This type of variable 1is identified
by a. variable name consisting of a létf:er and $,or a ietter, digit, and $;:
A$ A0S
P$ P53
‘ The value of a string variable is always a string of characters, possib]:y null or zero lengi
String variables can be used without being declared with a DIM statement (see scetion V)

only if the variable contains a single character,
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If a variable names an array (see Arrays, Section III), it may be subscripted,
When a variable is subscripted, the variable name is followed by one or two subscript
. ’ values enclosed in parentheses, If there are tw§ subscripts, they are separated by
a comma, A subscript may be an integer constant or variable, or any expression
ihat is evaluated to an integer values

A1) AO(N,M)

P(1,1) P5(Q5,N/2)
X(N+1) x9(1o,1o)

A simple variable and a subécripted variable may have the sahe name with no implied

relation between the two, The variable A is totally distinct from variable A(1,1),

Simple numeric variables can be used without being declared. Subscripted variables
must be declared with a DIM statement (see section III) if the array dimensions are
greater than 10 rows, or 10 rows and 10 columns, The first subscript is always the
row number, the second the column numbey, The subscript expressions must résult in

& value between 1 and the maximum number of rows and columns,

String arrays differ {roii numeric arrays in thai they have only one dimension, and

hence only one subscript, Also, the name of a string array and a simple string
(see String Arrays, Section V), _

variable may not be the same / String array names may be subscripted by a single

subscript:
A$(1) A0$(N)

| Functions .
A function names an operation that is performed ‘using one or more paraneter values
to produce a single value result, A numeric functlon is identified by a three-
letter name followed by one or more formal parameters enclosed in parentheses, If there is

more than one, the parameters are separated by commas, The number and type of the

parameters depends on the particular functlon,

‘ The formal parameters in the function definition are replaced by actual parameters
when the function is used, Since a function resulis in a single value, it can be

used in any expression where a constant or variable can be used,
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To use a function, the function name followed by actual parameters in parentheses
(known as a function call) is placed in an expression, The resulting value 1s use@

| . in the evaluation of the expression,

Examples of common functions:

SQR(x) where x is a numeric expression that results in a value O,

When called, it :retufns“the sq—pa.:r:e root of x, For instance,
if N = 2, SQR(N+2) = 2,
ABS(x) where x is any numeric expression. When called, it returns

the absolute value of x. For instance, ABS(-33) = 33,

BASIC/BOOO provides many built-in functions that perform common operations such
aé ﬁndin.g the sine, taking the square root, or finding the absolute value of a
number, The available functions are listed in Appendix E, In addf‘gion, the user
may define and name his own functions should he need to repeat a particular

operation, How to write functions is described in Section VI, User-Defined Functions,

. The functlons described so far are numeric functions that result in a numeric value, -
Functions resulting in string values are also available. These are identified by

a three-letter name followed by a $. String functions are described with user-defined

'_-i“ﬁnctions in Section VI; available built-in string functions are listed in appendix E,

Operators

An operator performs a mathematical or logical operation on one or two values
resulting in a single value. Generally, an operator is between two values, but
there are unary operators that precede a single value, For 1qstance, the minus
sign in A - B is a binary operator that results in subtraciion of the values; the

mifus sign in ~A is a unary operator indicating that A 1s to be negated.

The combination of one or two operands with an operator forms an expression. The
operands that appear in an expression can be constants, variables, functions, or

‘ other expressions,

8 . Y d.
Opcraters may be divided into types depending on the kind of operation performe

The main typcs are arithmotice, crelatioral, ard logical (or Boolean) operators.
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The arithmetic operators eres

- + Add (or if unary, no operation)
‘ - Subtract (or if unary, negatfée)
* Multiply
/ Divide

** or A Exponentiate (if ™ is used, it

is changed internally to *¥)
MOD Modulo; remainder from division

A+3B or +A
A=-B or-A -'_q
Ax B

A =B

AB' y

A-B x INT(A/B) (where INT(x) returns
the largest integer -

If A and B are positive. A MOD B
is the remainder from A/B.

In an expression, the arithmetic operators cause an arithmetic operation resulting

in a single numeric value,

The relational operators ares

- Equal
® -

< Less than

> Greater than T
= Less than or gqua.l to

>= Greater than or equal to .

<> or# Not equal (if # is used, it is
changed internally to < 7 )

A7 B

When relational operators are evaluated in an expression they return the value 1 if

the relation is found to be true, or the value 0 if the relation is false., For

instance, A = B 1s evaluated as 1 if A and B are equal in value; as O if they are

unequal,

Maximum and minimum operators ares

. MIN Select the lesser of two values
MAX Select the greater of two values

These oporators are evaluated as follows:s

A MIN B

A MAX B

A MIN B = A 1f A is less than or equal to By = B if B is less than A



Logical or Boolean operators are:

"I. AND Eogical “and" A AND B
OR Logical “oxr" , AORB
NOT Logical complement - NOT A

Like the relational operators, the evaluation of an expression using logical operators

results in the value 1 if the expression is true, the value O if the expression is false,

Logical operators are evaluated as followss

AAD B =1 (true) 4f A and B are both £ 0; = 0 (false) if A=0or B =0
AORB =1 (true) if 4 £ 0 or B # 0; = 0 (false) if both A and B = 0

NOT A =1 (true) if A = 0; = 0 (false) if A £ 0

A string operator 1s avallable for combining two string expressions into one;
+ Concatenation A$ + B$

The values of A$ and B$ are joined>to form a single string; the characters in B$ ;mmediately
. follow tha clast character in A$, If A$ contains "ABC" and B$ contains "DEF", then

A$ + B = “ABCDEF".(see Strings, Section V),

Evaluating Expressions

An expression is evaluated by - replacing each variable withrits valug)
evaluating any function calls, and performing the operations indicated by the
operators, The order in which operations is performed is determined by the

hierarchy of operatorss

x% (highest)
_Nor -

* / MOD

+ -

* (string concatenate)

MIN MAX

Relational (=,< >, «=, > <5)
AND

OR (lowest)

n .Q




The operator at the highest level is performed first followed by any other operato:s
. 1n}2§emrchy shown above, If éperators are at the.sa.me level, the order is from

left to right, Parentheses can be used to override this order, Operations

enélosed in parentheses are performed before any operations outside the parén-

theses, When parentheses are nested, operations within the innermost pair are

performed first,

For instances 5 + 6*%7 - is evaluated as 5 + (6x7) = k7
7/14%2/5 is evaluated as ((7/14)x2)/5 = +2 y

If A=1, B=2, C=3, D=3,14, E=0

thens A+B*C is evaluated as A +(BxC) = 7

A*B+C 1is evaluated as (AxB)4C = 5§
A+B-C 1is evaluated as (A4B)-C =0
. (A+B)*C is evaluated as (A4B)xC =9
. A M1 MAX ¢ MIN D is evaluated as ({4 MIN B)MAX C)MIND =C =3

When a unary opérator immediately follows anotherioperator of higher precedence,

the unary operator assumes the sanme precedence as the'precéding operator, For instance,

B**-B**C is evaluated as (B2)C = 1/64 or ,015625

In a relational expfession, other operators are evaluated first and then the relational

operator determines whether the expression is equal to i(true) or 0 (false):
(A*B){(A-C/3) is evaluated as O (false) since A*B=2 which is not less than

A-C/3=0,

In a logical expression, other operators are evaluated first for values of zero (false)

OY non-zero (%rue). The logical operators detérmine whether the entire expression is

equal to 0 (false) or 1 (true);

| ‘ E AND (A~C/3) 1is evaluated as 0 (false) since both terms in the expression

are equal to zero[{.ls:)

(A+B) AND (A*B) is evalualed as 1 (truc) since both terms in the expressicn

o



A=B OR C=SIN(D) is evaluated as O (false) since both expressions are false (0),

AORE is evaluated as 1 (true) since one term of the expression (A)
, . is not equal to zero,
NOT E is evaluated as 1 (true) since E=0

The evaluation of relational expressions using strings is described in Section V, Com-~

paring Strings,



STATEMENTS _

Statements essential to writing a program in BASIC are described here, Statements
in general are described in Section I, It should be recalled that all statements
mu;t be preceded by a statement number and are terminated by pressing the return
key, Statements are not executed until the progfam is executed with the RUN

conmand,

ASSIGNMENT STATEMENT

This statement assigns a value to one or more variables., The value may'be in
the form of an expression, a constant, a string, or another varlable of the same
type.

Form

¥hen the value of the expression is assigned to a single variable, the forms arez.'

Vo3

varlable = expressis

LET variable = expression

When the came value 1s to be assigned to rore than one variable, the forms are:

varlable = variable = ..,-=var1ab1e = exprassion

LET variable = variable = ;,. =variable = exvression
Several assignments can be made in one statement if they are separated by commas:

variable = expression, ..., variable = expression

LET variable = expression, ..., variable = expression

Note that the word LET is an optional part of the assignment statement,

Explanation
In this statement, the equals sign is an assignment operator, It does not indicate
as :-.I qrm c.{c epe m.:f‘cv

equality, but is a signal that the value on the right of the“equals-be assigned to

the variable on the left, If any ambiguity cxists between an equals sign and the

assignement operator, the equals sign is treated as an assignment operator,

210




¥hen a variable to be assigned a value contains subscripts, these are evaluvated first

- ‘from left to right, then the expression is evaluated and the resulting value moved

to the variable,

If a value is assigned to more than one variable, the assignment is made from right

to left,
Exanmples
10 LET A = 5,02 The variable A is assigned the value 5,02,
20.A = 5,02 This has the same result as statement 10,
30 X=Y7=Z=Z1=0 Each variable X,Y7, 2, and 21 is set to zero,
This is a simple method for initializing
vaxriables at the start of a program.
35 LET N=2 First N is assigned the value 9 in line 35, Iﬁ
40 LET A(N)=N=9 line 40 N is assigned the value 9, then the array
’ : element A(2) is assigned the value 9,
50 N=0 Statements 50 through 70 set the array element
60 LET N = N+l A(1) to 1.‘ By repeating statements 60 and 70,
70 LET A(N) =N - . each array element can be set to the value of
its subscript,
80 A=10.5, B=7.5 Variable A is set to 10,5, then B is set to 7.5.
90 B} = “"ABC", C$ = B$ The string variable B$ is assigned the value ABC,
then C$ is assigned the value of B$ (or ABC),
100 C$=B$="ABC" This statement has the same result as statement 90,

110 LET A=10,5, B=7.5, B$=CH="ABC"
Statement 110 has the same effect as the two

statements 80 and 90,



-‘I'.REM STATEMENT

This statement allows the insertion of a line of remarks in the listing of the

program, The remarks do not affect program execution,

Form

REM any characters

Like other statements, REM must be preceded by a statement number, Unlike other

statements, it cannot be continued on the next line,

Explanation
The remarks introduceaby REM are saved as part of the BASIC program, and printed
when the program is listed or punched, They are, however, ignored when the program

is executing,

Remarks are easier to read il REM is followsd by a punctuation mark, as in the

exanmples,

Examnples

10 REM:THIS IS AN ZXANPLE

20 REM:OF RENM STATENENTS.

30 REM--ANY CHARACTERS MAY FOLLOW RENM: "//%x**%x1135& ETC.
49 REM..REM STATENENTS &sRE NCT EXECUTED..

P A S




GOTO STATEMENT

GOTO overrides the normal sequential order of statement execution by transferring
control to a specified statement, Either a single statement label is specified, or

a list of statement labels., When a list is spccified, the statement to which control

transfers is selected accordirs to the value of an integer expression, The statement
is identified by its statement label (sometimes called the statement number or line

nunber),

Form

GOTO statement label

GOTO integer expression CF statement-label, statement label,,,.

The statement label may be any label in the current program, When the vrogram is

run, the label must exist,

If the multi-branch GOTO is used, the value of the integer expression determines

'the label in the 1list to which control transfers,

Explanation

If the GOTO transfers to a statement that cannot be executed (such as REM or DIM),
control passes to the next sequential statement after that statement., GOTO cannot

transfer into or out of a function definition (see Section VI), If it should transfer

‘to the DEF statement, control passes to the line following the function definition,

The labels in a multi-branch GOTO are selected by numbering them sequentially
starting with 1, such that the first label is selected if the value of the expression

is 1, the second label if the expression equals 2, and so forth, The value of the
expression must not be less than 1 or greater than the number of labels in the list,

If it is, the GOTO is ignored and control transfers to the statement lmmediately

following GOTO,

2-\3
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Examples »
The example below shows a simple COTO in line 200 and a multi-branch GOTO in line 600, .

120 LET 1=2

202 GOTQ 622

383 PRINT I

423 REM..TEE VELUE OF 1 1S ZEZRO
°2€¢ LZT I=I+1

60¢ GOTO I+! CF 323,502,829

1722 REM..THE FINAL VALUE OF 1 1S 2
820 PRINT 1

SRUN

When run, the program prints the initial value of I and the final value of I,



GOSUB/RETURN STATEMENTS
'GOSUB transfers control to the~beginn1ng.of a simple subroutine, A sub:outine consists -
‘ of a collection of sta.temehts that may be performed from more than one location in the v
program, In a simple subroutine, there is no explicit indication in the program of
‘which statements constitute the subroutine, A RETURN statement in the subroutine returns

control to the statement following the GOSUB statement,

Form

GOSUB statement~label

GOSUB interer exvression OF statement label, statement label,...
_RETURN

may
GOSUB may have a single statement label, orpbe multi-branched with more than one
statement label, In a multi-branch GOSUB, the particular label to which control
transfers is determined by the value of the -3integer expréééion, RETURN consists

simply of the word RETURN,

Explanation

A single-branch GOSUB transfers control to the statement indicaﬁed by the label,

A multi-branch GOSUB transfers to the statementklabel determined by the value of

the expression, As in a multi-branch GOTO, the integer expression must result in a value
between 1 and the number of labels iﬁ the list. If the value of the expression is

less than 1 or greafer than the length of the list; no transfer takes place, A

GOSUB must not transfer into or out of a function definition (see Section VI),

When the sequence of control within the subroutine reaches a RETURN statement,

control returns to the statement following the GOSUB statement,

Within a subroutine, another subroutine can be called, This is known as nesting,
When a RETURN is executed, control transfers back to the statement following the
‘ last GOSUB executed, Up to ten GOSUB statcments can occur without an intexrvening

RETURN; more than this causes a terminating error,
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Examples
' In the first example, line 20 contains a simple GOSUB statement; the subroutire is

in lines 50 through 70, with RETURN in line 70,

14 LET B=S?

22 GOSUB 59 _

32 PRIGT "SINCF B IS "3n

49 GCTO 82 :

54 REM: THIS 1S START OF SUEROUTINE

68 LET A=51%(B)

73 RETURW '

8¢ REN: PROGRalM CONTIRUES WITH KWEXT STATEMENT
>RUNH
SINZO0F B IS .3939552

The GOSUB statement can follow the subroutine to which it transfers as in the

example below,

13

LET 5=
. 25 GOTIJ '
33 REMe THIS 18 STurT 0F SU2EC0UT_ (2
: A9 LET A:zS1iiz)
5@ RETURY :
63 REM: OTHER STATEMERTS CEN APPEAR HERE
70 REM: THEY WILL NOT BE EXECUTED
82 A=24,B=50
98 PRINT A:B
1862 GOSUB 32
119 PRINT A )
128 REM: A4 SHOULD EQUAL .8935952
132 PRINT B
142 REpM: B SHOULD ERQUxL 952

YRUN
853992
Y

’




This exanmple
has a nested

.function not

19
29
339
40
50
§2
122
118
122
132
152
162
172
138
229
219
223
225
2372
249

259
o 267
272
233
298¢
295
30¢
SRUN
X =
Y =
Y +

shows a multi-branch GOSUB in 1line 20, The third subroutine executed
subroutine, An IP,.,THEN statement is used in the exampley should 1its

be clear, see Condltional Statements below in this section,

Azl

GOSUB A+1 OF 122,153,233

L=ET AzA+] :

IF A<3d THEN GOTO 2:&

GOTO 3¢%

RIfie STATZNZUT 52 BRANCHES AROULD sLL TKE SUZROUTIWNES

RTt: FIRST SUZROUTLHE In WULTIERANCH GOSU:
LZT X=SLR(&4+£3)

PRIAT "X = *;X

PETUE

REf: SECO&D SUBROUTinZ 1. MULTloRmsCh GOSLG

LET Y=€0S(X)

PRIAT "y = ";v

RETUR & _

REf: THIRD SUBROUTINE I HULTIERANCH GOSUE

KEM: IT CCNTAIWS # JNZSTED SUSROUTiHE

LET Y=Y+X

PRIST "Y + X = ";Y

GOSUS 262

RETURH

REfi: STRTENEANT 245 RETURNS CONTRCL TO STATEGEHT 33
REM: FIRST STATEMENT IN NESTED SUEROUTIHE

E=STHY)

FRINT "SIMEY = "3B

RETUK

REM: STATEMENT 292 RETURANS CONTROL TO STATEZVENRT 243
RENM: PROGRAM CONTIWUES WITH NEXT STATZNENT

>

2956863

= 5.28368

SINEY = -.841213

S T s by v e 8 - e




END/STOP STATEMENTS

The END and STOP statements are used to terminate execution of a progranm,
Either may be used, neither is required, An ENDT';s assumed following

the last line entered in the current progranm,

Form
END

STOP

The END statement consists of the word END; the STOP statement of the word STOP,

Explanation

Both END and STOP terminate the program run, END has a different function from
STOP oﬁly when programs are segmented (see Section X, Segmentation), When END
is.executed in a program segment that has been called by another program with

INVOKE, control returns to the statement after INVOKE,

Whenever STOP is used, the program terminates, STCi" in a program called with
INVOKE terminates all program execution, including any suspended programs,
Examples _ ‘ '

These three programs are effectively the same:

18 LET 64=2,E=3

208 C=fxx=-L%*B

30 PRIHKT C
>RUN

« 2158525

12 LET A=z2,B=3
20 Czhkk=f*x*3
308 PRIWNT C
40 ZN

>RUW
015825

1¢ LET 4:=2,5:3
205 Czike=f% x5
32 PrlLT ¢
44 STCP

>RUN

215825

When sequence is direct and the last statement in the current program is the

7 . g
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last statement to be executed, END or STOP are optional,

They have a use,

howevér, vhen sequence is not direct and the last statement in the program is

not the last statement to be executeds

43

LA )

120 LET A=2

122 GCSUE 143
133 END

149 LET B:=A+1
150 Xzhx*x (Bx*h)
183 PRIXT X

173 RZTURN

>RUN

ole

LZT A=2
X ohX%k24,
PEIGT X

The subroutine at line 140 follows

the END statement

The S7TCP statement at line 70 1is

skipped until the value of X exceeds

IF X<122 THEH GOTO 82

PRINT "Xz "sx
PRINT "az "p
STGCP
AZA+])

Jd GOTO 22

100,




LOOPING STATEMENTS | |
The looping statements FOR and NEXT allow repetition of a group of statements,

The FOR statement precedes the statements to be repeated, and the NEXT statement

directly follows them, The number of times the statements are repeated 1s

determined by the value of a simple numeric variable specified in the FOR statement,

Form

FOR variable = expression TO expression

FOR variable = exvression TO expression STEP expression

The variable is initiallf set to the value resulilng from the expression after the
equais. When the value of the variable passes the value of the expression following
TO, the looping stops, If STEP is specified, the variable is increment by the

value resulting from the STEP expression each time the group of statements is repeated,
This value can be positive or negative, but should not be zero, If a STEP value is

not specified, the variable is incremented by 1,

The NEXT statement terminates the loops

NEXT variable

the
The variable following NEXT must be the same as the variable afterAForresponding FOR,

Explanation

When FOR is executed, the variable is assigned an initial value resulting from
the expression after the equals, Then the following steps occur:
i, The initial value is compared to the final value; if it exceeds
the final value (or is less when the STEP value is negative),
control skips to the statement following NEXT,
2, Execute all statements between the FOR statement and the'NEXT statement,
3, The initial value is incremented by 1, or if specified, by the STEP

P

value, Return to step 1,
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The user should not execute the stétements in a FOR loop except through a FOR

statement,

Transferring control into the middle of a loop with GOTO or IF

can produce undesirable results,

FOR loops can be nested if one FOR loop is completely contained within another,

They must not overlap,

Examples

Each time the FOR statement executes, the user inputs a value for R and the

area of a circle with that radius is computed.and printed:

13
29
39
43
SRUN
71
AREA
22
LRES
24
tREA
78
LREA
7218
AREA

FOR A=1 TO0 5
IMPUT R

PRIGT

JzZXT A

OF
o
OF
CF

OF

(@]
U

iRCLE

vy, T
PR S

21
(@)

]

)

CIRCLE
CIRCLE

CIRCLE

"~RE&4

WITH

WITH

OF CIRCLE WITH ReDIUS "jH

R&DIUS

RADIUC

WITH RADIUS

WITH RADIUS

WITE

RADIUS

16

-
]

$715 "33 14xR¥AZ

The FOR loop executes six times, decreasing the value of X by 1 each time:

12 FOR
23 PRIAT X=5
33 NEXT X

>RU

-5

-6

-7

-9

-12

Xz TO -5 STEP -1

-7



The first X elements of the array P(N) are assigned values, When N = X, the

loop terminates, In this case, the value of X is input as 31

1.PUT X

FOR «=1 T0 X
LT PLnY=0+1
FRIAT PL3Y

NEIXT U

v

Y D

PRI O T o T R R

WUV D GO —

-

The examples below show legal and illegal nesting, A diagnostic is printed

when an attempt is made to run the second examples

12 REM..THIS ZEZXAMPLE 1S LEGAL
20 FOR Azl TO 12

32 FOR B=1 TO s

40 LET X(x,B)=2
59 NEXT B
63 WEXI A

12 REN..THIS XHAPL_ Is £
28 FOR 4=l TO 1¢ tLE GHL

32  FOR B=1 T0 5

40 LET X[&,B1=2
o0 VEIXT A
64 NEXT B

> RUN

'FOR' - "NEXT'® VARIABLES DON'T JATCH IR LIRE 52

X




CONDITIONAL STATEFENTS

Conditional statements are used to test for specific conditions and specify
program action depending on the test result, The condition tested is a numeric
expression that is considered true if the value 1is not zero, falsc if the
.vglue. is zero, Conditicnal statements are always introduced by an IF statemenf;
an ELSE statement may follow the IF statemenlt, Both IF and ELSE statements may

be followed by a series of statements enclosed by DO and DOEND,

Form

. IF expression THEN statement-label |

I

. IF expression THEN statement
IF expression THEN DO

statement

DOEND

An IF,,.THEN statement can be followed by an ELSE statement to specify action

in case the value of the expression is false, Like IF, ELSE can be followed

by a statement, a statement label, or a series of statements enclosed by DO,,.DOEND.

-, ELSE statenent-label

..c>” . ELSE statement
oY o T
ELSE DO

statement

DOEND
ELSE statements never appcar in a program unless preceded by an IF,,,THEN statement,

DO, ,..DOEND statements may follow only an IF,,.THEN or an ELSE statement,

2.-1%




The four diagrams below show all possible combinations of conditional statements,

Items enclosed by [ ] are optional; one of the items enclosed tw'{'}must be
immediately

chesen, Statements/following THEN and ELSE are not labeled; all other statements

must be labeled,

° label IF expression THEN label
statement
label ELSE 433bel
statement
® 1abé1 IF expression THEN DO
label statement
label DOEND A
label
lab B ==0C
[_a__ei ELS {statement}]
e o label IF expresslon THEN lébﬁl %
’ ' ' §i§i?§?¥i.;
1abel ELSE DO

label statement

label DOEND

o label IF expression THEN DO

label statement

label DOEND

label ELSE DO

label statement

label DOEND




Explanation

The expression following IF is evaluated, and if true the-program transfers
controi to the label following THEN or executes the statement following THEN,
If DO follows THEN, the program executes the series of statements terminated

by DOEND, The program then continues, If the expression is false, control
transfers immediately to the next statement or to the statement following DOEND

~if THEN DO was specified,

¥When an ELSE statement follows the IF.,,THEN statement, it determines the
specific action should the IF expression be false, Vhen the expression is true,
the ELSE statement or the group of ELSE statements enclosed by DO,,,DOEND is

‘skipped, and the program continues with the next statement after ELSE or DOEND,

A FOR statement can be specified in a DO,,.DOEND group; 1if so, the corresponding
NEXT must be within the same DO,.,DOEND group, (See FOR,,.NEXT statement description

"7 74n this section),

IF statements are nested when an IF statement occurs within the DO, ., DOEND group
of another IF statement, In such a case, each ELSE is matched with the closest

preceding IF that is not itself part of another DO,,.DOEND group,

Examples

The various types of IF statement are illustrated with the following examples:

16 IF A4=B THEZN 33 If A equals B, the program skips to line 30,
2% LET Az=B
32 PRIAT A,B otherwise, it sets A equal to B in line 20

and continues, In either case, line 30 is

executed,



12 IF 4=5 THEN PRIIT 3B

29

192
20

12
20
30
AQ
50
§0

10
20
30
42
59
60
12
89
S8
133
120
290
219
850
851
852

>RUN

FLSE PRINT A ,E

1F A=B THEN GOTO 122
ELSZ GOTO 222

IF A<122 THEW A=zA+5
ELSE DO
LET X=A
GOTO 122
DCEND
GOTO 19

180 PRIKT X

INPUT A
IF A<198 THEN DO
AzA+]
GOTO 229
DOEWD
“LSE DO
X=A
AzQ
GOSUB 85¢
DOEND
FEIAT "oz ldC”
END
PRINT "Az="3A
END
PRINT "X="3X
PRINT "az="¢hA
RETURWN

Az 16

If A equals B, the value of B is printed,
otherwise, both values are printed, The

program then continues,

Program control transfers to line 100 if

A equals B, to line 200 if not,

These two statements are identical in effect

to the preceding two statements,

If A is less than 100, it is increased by 5
and control skips to 1iné 60 where control
is returned to line 10, VWhen A is equal to
or greater than 100, X 1s set equal to A and

control skips to line 100,

If A is less than 100, it is increased by 1
and contrel goes to iine 200, If A is equal
to or gréater than 100, X is set equal to A,
A is set to zero and the subroutine at line
850 is executed,

The subroutine returns

control to line 100,

If a value less than 100 is input for A,

line 200 is executed and the program ends,

If a value greater than 100 is input for A,

the subroutine is executed, then line 100 is

executed and the progran terminates,

Q,fZZC




The examples below illustrate nested IF,,,THEN statements,

12 1H#PUT 4,5,C |
@ 28 IF (A+12)z(B+5) THEN 3O
3% &=
48 1F &>C THEN A=C
5  ILST C=8
62 DOZ:D
78 FR1.T nyB,C
>RUi
5,13,15 |
12 12 2

With the particular values input, the first IF is true and the second IF is
false, As a result both A and C are set equal to B, |
12 14PUT A,3,C

22 Ir A>5 THEWL DO
3D 1F E>C THEN DO

43 IF C=12 THZN DO
50 C=C+1
62 CCTO 229
13 BOEND
89 ELSE €GOTO 222
S92 DOEHD
122 ELSZ DO
‘ 110 IF C=18 THEN B=C+a
120 Z.50 B=C-A
130 GOTO 182
143 DOEWD
152 DOE[D

160 PRINT "&L<B,Az"3A

172 GOTO 232 -

183 PRINT "A>E,B<C,B="3B
198 GOTO 232

230 PRINT "A>E>C,C=18"
212 GOTO 236

223 PRINT "4>b>C,C<>12,C="}
£33 EZidD

>kUH

212,152,223
A<, nz 12

>hUN

?215,5,182

a>B,3<C,B=z &5

>sEUn

2%2,15,5

£>2>C4C<>130,C=

So that nested IF statements may be easier to follow, the LIST command ihdents

them as shown in these examples,

7.~7,7




PRINT STATEMENT

PRINT causes data to be output at the terminal, The data to be output is
specified in a nrint list following PRINT,
Forﬁ

PRINT

PRINT rrint-list
The print list consists‘of items separated by commas or semicolons, The list
ma&‘be followed by a comma or a semicolon, If the list is omitted, PRINT causes
a skip to the next lige.' Items in the list may be numeric or string expressions,
special print functions for tabbing or spacing, or FOR loops to provide repeated

output, The form of the FOR loop is:

(FOR statement, orint-1ist)’
whére the vrint 1list contains any items allowed in the PRINT list including

other FOR loops.

Explanation

The contents of the' print list is printed, If there is
more than one item in the print list, commas or semicolons must separate the

items, The choice of a comma or semicolon affects the output format,

The output line is divided into five consecutive fields: four of 15 characters

and one of 12 characters, for a total of 72 characfers. ¥When a comma separates
items, each item is printed starting at the beginning of a field, When a
semicolon separates items, each item is printed imnediately following the preceding
item, In either case, if there is not enough room left in the line to print the

entire item, printing of the item begins on the next line,



The separator between items can be omifted if one or both of the items

is a quoted string, In this case, a semicolon is inserted automatically,

A carriage return and linefeed are output after PRINT has executed, unless the
output 1list is terminated by a comma or semicolon, In this case, the next

PRINT statement begins on the same line,

If an expression appears in the print 1ist, it is evaluated and the result 1s

printed, Any variable must have been assigned a value before it is
printed, FEach character between quotes in a string constant is orinted,

including quotes,

If a FOR loop is included in the print 1ist, each item in the print

list associated with the FOR statement is printed once for each time the

FOR loop 1s executed,

Numeric values are left justified in a field whose width is determined by the
magnitude of the number, The smallest field is six characters. Numeric

output format is discussed in detail below,

Examples
¥hen items are separated by commas, they are printed in up'to five fields per line;

separated by semicolons, they directly follow one another, In the example below,

the items are numexric, so each ltem is assigned a mininum of six characters,

12 LET w=2B8=Cz2Dz2z13
cEJ iT t\l:E]:Cl:Dl::l :Zv
32 FihiaT kel,21, 2
44 ré;;g h;;;Cl;C; syl Cl st
22 rR1T m,ci1C,2
> U
15 15 22 15

o
o
w
\r
N
o
[
ro
()

15 el

——
U A
—
\J
e
—
n



In the example below, a DIM statement is used to svecify the number of characters

in each string; if omitted, the strings are assumed to have only one character,

1d DIw 335031,
22 C$=E3="n2C v
32 PRiaT 23,83 y

>R U W

AZC AzC

In the example below, the first PRINT statement evaluates and then prints three
expressions, The second fRINT skips a line, The third and fourth PRINT statements
conbine a string constant with a numeric expression, Ko fields are used in the
print line for string constants unless a comma appears a$ separator, The fourth
PRINT statement prints output on the same line as the third because the third

statement is terminated by a comma, —

13 LET R=E=CzD=z2z15
28 LET &1:=B1:=Cl=21=E1=22
32 PRINT A*B,p/C/DI+372,~+b
43 FRIGT
2 PRIST "ax%2 =Yj=xC,
62 PRIZT “THEZ SUM OF & wiD B iS"jA+b
>RUN
225 33¢35 3¢
A%3 = 225 . THE SUil OF A AHND & 15 34
A FOR loop  can be included in an output list,with its own output list all,

included within parentheses:

10 FCR I=1 TO 3

2¢  1:PUT R

33 A111:3.14%R%%2

43 HEXT 1

50 PRIGT (FOR I=1 T0 3,.00101)
RUN

2

23

2%

12.58 28.25 53.24

)

Note that NEXT is not nceded when the FOR statement is included in an output list,




Numeric Output Formats
Numeric quantities are left justified in a field whose width 1s determined by

the magnitude of the item, The width includes a position at the left of the
number for a~possib1e sign and at least one position to the right containing
blanks, The width is always a multiple of three; the minimum width is six
characters,

Integers,, qum\—ucle,

CAn Integer with a less than 1000 requires a field width of six characters:

sign number +trailing blanks

-3 digits

A

h’c“'uc! <. '
An integer with a,ﬁglae between 1000 and 999999requires a field width of nine

characters:

sign numggr trail{ﬁi blank$

G digits

L] i 1 i 1 !

Examples

A
The integers below are less than 1000’€§ngeater than -1000;

1@ PRINT 13999;22;-332;+2S5
>RUWN
I 9998 22 ~302 2595
These integers are between 1000 and 99999%0r between -~1000 and -99995¢%

13 PRINT 1223;+327515-599995345678
>RUN

1332 32751 -$959599 45878

These integers are mixed in magnitude, but none are greater than 999999 0r less

than -999999

18 FRINT 1518205999;5432751;522;-955955;-322; 4557334256;

o HP YN
[ 1238 989 321751 26 ~559595 =332 45878 298
582335 : '

If an integer has a negative sign it is printed; a positive sign is not printed,

n-3



Fixed-Point Numbers, A fixed point number requires a field width of 12 positions.
If the magnitude of the number 1s greater than or equal to ,09999995 and less
than 999999.5, or is less than ,1 but can be printed with six significant digits,
the ﬂumbe¥ is printed as a fixed-point number with a sign. Trailing

zZeros are not printed, but a @railing decimal point is printed to show
the number is not exact, The number is left-justified in the field with trailing

blanks, The sign 1s printed only if it 1is negative,

i}gn number trailing ;n;lanks
+

\ 6 ‘digits + decinal

Examples
12 PRINT 999999.4;.69999996;234567;.223344
RUN .
>999999. ol 2345617 228 L44

Floating-Point Numbers, Any nunber, integer or fixed-point, with a magnitude
: IS
greater wuan the megnituac of the numbers presented above, are printed as o

floating-point numberg’hsing a total field width of 15 positions:

sl numbexr Etexponent +trailing blanks
Y v J

6 digits + decinal | E

i y A . 2 I

Exanples

12 PRINT 25456733 .2222244
>RUN
2.34558385+36 4,422205-06

18 PRINT 25456789;.3@238@44
>RUi

2.34568%+27 4.40200E-21

12 FRINT .03223943;.3322257895
>RUH
3.94335E-25 2457895E-25

.20~




PRINT FUNCTIONS
The form of the tabulation function is:

TAB(integer expression)

The print position is moved to the column specified by the integer expression, Print
positions are numbered from 0 to 71, If the print position must be moved to the left
because the integer expreséion,is less than the current position, nothing is done, If
"“the expression is greater than 71, the print position is moved to the beginninz of the
next line,

The form of the spacing function is:

SPA(interer expression)

Blanks are printed for the number of spaces indicated by the expression, Nothing
occurs when the expression is zero or negative, If the number of spaces will not

fit on the current line, or the expression exceeds 71, a carriage return and line feed
is generated, |

The 1imit of 71 on TAB and SPA expressions does not apply to PRINT USING (see Section IX),

The form of the line skip function is:

LIN(integer expression)

The terminal performs a carriage return and as many line feeds as are specitied in
the expression, If the value is negative, the absolute values of the expression_is
used for the number of line feeds; no carriage return is generated, Normally, a
carriage return and one line feed is performed at the end of a PRINT statement unless
there is a tralling comma oxr semicolon, o

The form of the carriage control function is:

CTL(integer expression)

All characters preceding the CTL in the PRINT statement are printed immediately using
the integer expression as the carriage control, The CTL function is useful primarily
when the output device is a line printer, See the MPE/3000 documentation for use of

the carriage control,

A comma after any print function is treated as a semicolon,




Examples of Print Functlions
The TAB, SPA, and LIN functions are 11lustrated below:

18 PRINT TAB(8) ;" TITLEZ:PRINT KELDING"3SPa(12);"SUMMARY REPORT";
23 PRINT LIN(3)3"SETAIL LINES”
sUMNARY REPORT

>RUN '
TITLE:PRINT HEADING

DETAIL LIRES
Some frequently used carriage control characters ares

Double Space CTL(48)
Page Eject CTL(49)
~ Suppress Spacing CTL(43) -

The decimal numbers assocliated with the carriage control characters are used

as the integer expression in the CTL function, To illustrate:

13 LET Pz1,3 2800
23 PRINT CTL(49),"FAGE 10"sF

o I'n) [ e .r)
38 PRINT CTL(4B),"DETeil L1uze
42 PRIET TaBC15),X, CTL(43);
53 PRIHT TAE(1Z), "X=" '
>SRUN :

After ejecting to the top of a new page, the print items are output as:

PAGE NO 1

DETAIL LINE
X= 522

o or triple
The LIN function can generally be used to provide double/spacing, to suppress

spacing, or to provide a line fecd, For instahce,

Double Space LIN(2)

Suppress Spacing LIN(O)
LIN(~interer expression)

Line Feed only

/) . :{{




READ/DATA/RESTORE STATEMENTS

Together, the READ, DATA, and RESTORE statements provide a means to input data
to a BASIC/3000 program, The READ statement reads data specified in DATA state-
ments into variables specified in the READ statemeht. RESTORZ allows the same

data to be read again,

Form

READ item=-list
.The items in the item liSt are elther variables or FOR loops, Items are sepa-
rated by commas, A FOR loop has the forms

(FOR statement, item-list)

whexre the item list contains variables or FOR loops separated by commas,

DATA constant, constant,,,.,

The constants are either numeric or siring, Constants in the DATA statement
are assigned to variables in the READ statement according to their order: the

first constant ‘¢ i»z {irsil variable, ihe second +¢ the secend ~nd <o forth,

RESTORE
RESTORE label

The labei jdentifies a DATA statenment,

Explanation

When a READ statement is executed, each variable is assigned a new value from
the constant list in a DATA statement, RESTORE allows the first constant to

be assigned again when READ is next executed or, if a label is specified, the

first constant in the specified DATA statement,

More than one DATA statement can be specified, All the constants in the com=-
bined DATA statements comprise a data list, The 1list starts with the DATA
statement having the lowest statement label and continues to the stétement with
the highest label, DATA statements can be anywhere in the frogram; they need

not precede the READ statement, nor need they be consecutive,

-y
Z’.‘)()




If a variable is numeric, the next item in the data 1list must be numeric; if

a variable is a string, the next item in the data list must be a string constant,
It is possible to specify the type of the next item with a type statement (see SectionlV)

@ < 1r the READ statement contains a FOR statement, the items following the FOR
statement within parentheses are assigned values once for each time the FOR
statement is executed, The FOR variable can be used in the item 1list, as can

further FOR statements,

A pointer is kept in the data list showing which constapt is the next to be
assigned to a variable, This pointer starts at the first DATA statement and
"is advanced consecutively through the data list as constants are assigned,
The RESTORE statement can 5e used to access data constants in a non-serial
manner by specifying a particular DATA statement to which the pointer is-

t0 be moved,

When the RESTORE statement specifies a label, the pointer is moved to the
first constant in the specified statemeht. If the statement is not a DATA
. statement, the pointer is moved to the first following DATA statement, When

no label is specified, the pointer is restored to the first constant of the

first DATA statement in the program,

Examples
oy DETA 34241 The data in statement 10 is read in
38 PRINT £,B,C statement 20 and printed in statement 30,
>RUJ
3 5 -7
5 DIM A3[31,B3%[33 Note the use of RESTORE in this example,
12 DivTA 3,5,7 - It permits the second READ to read the
22 RERD A,B,C same data into a second set of variables,
30 READ AS,ES ’
43 DATR "nBC",“ZZF"
>3 RESTORE
§¢ READ 2,%,F
75 PRINT nItB3,A3E3C; D33 F
RUN
ot 5 7

F 305 73

v
tn




In the following examples, the data from three DATA statements is read into

and a simple variable,

an 8-element array variable/ The same data is then restored and read into

‘ three simple variables,

19
20
30
49
5¢
sRUN
3
13

13
20
32
42

59 F

60
19
80
90
163
116
120
sRUN
3

o

DATA 3,5,7
DATA 9,11,13
DETA 15,17,1.9
RZAD (FOR I=1 TO 8,CI11), 3
PRINT (FO% I=1 TC 8,ClI)),D

RESTORE 29
READ B
RESTORE 39
READ C
PRIUT A,E,C

O —\un
\h
—— )
-)
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INPUT STATEMENT

The INPUT statement allows the user to input data to his program from the

terminal, INPUT has options that allow the user to save excess input and to
prompting

printAstrings before input. FOR loops may be included in the item list

associated with INPUT,

Forn  yypyp
INPUT item-list

The items in the item list may be variables; string constants, or FOR loops,

Items are separated by commas, FOR loops have the formi

(FOR statement, item-list)

where the item list contains variables or FOR ioops separated by commas,

A colon (3) may precede or follow the INPUT item list, When a colon follows
the 1list, excess input is saved in a buffer; when a colon precedes the list,

input is essignec from ez buffer before it is requested from the user at tne

An INPUT statement with no item 1list clears the input buffer; INPUT followed

only by a colon fills the buffer,

Explanation

_Hhen an INPUT statement is executed, a question mark (?) is printed at the
;terminal and the program waits for the user to type his input, The input is
in the form of constants separated by commas, If an insufficient muber of
con;tants is typed, the progran responds with two question marks {??). This
requests the user to input more constants, The type of data item, numeric ox

string, must match the type of variable it is destined for,

3

3
LGN
)



Like the READ and PRINT statements, the INPUT statement can include any number
of FOR loops, Each time a FOR statement is executed, the user inputs a constant

to match the variables in the item 1list assocliated with the FOR statement,

Numeric Constants, Numeric constants always begin ﬁith the first non=-blank

character preceding the comma or the end of the line,

String Constants, A’string may be unquoted, in which_case it begins with the
first non-blank character and ends with the last non-blank character in the line,
It may not contain qﬁota@ion marks, A string may also be quoted, in which case
it is delimited on éach side by quotes and is followed either by a comma or the

end of the line,

The INPUT statement can be requested to print a string constant instead of a
question mark by placing the string constant immediately before a variable,
When the value for the Qariable'is needed, the string is printed instead of the
usual qpestion nmark, Any number of these request strings can be included in

the variable list,

Examples

12 DIt C%I251)
23 1i4PUT A,B,CS
3P X=A%Bxx2
48 PRINT C3,X
>RUN
22,5,"X=A TIMNZS B SCUARED,X="
Xzh TIMES B SQUARED,X= 52

12 I3PUT “INPUT VALUE OF RADIUS *
23 X=3.14%xRxx2 Dils oR
30 PRINT "AREA OF X =",X

>RUN '

INPUT VALUE OF RADIUS 5
AKEA OF X = T952.5 %




This example illustrates the various prompts for input:

18 INPUT 4A," NUMBER?",B, C
23 PRINT A,B,C

>RUN ‘

715 :

HUMEER?763 .5

277

15 8345 7

If all input values are entered ai one time; only the first prompt is useds

12 IWPUT &,"aUNBER?",E,C
23 PRINT A,B,C
>RUN

5,635,171
?is' ’ 63 .5 1

The oxamfles below illustrate FOR loops in the INPUT item list:

i@ IBPUT (FOx i) yu 5 STEP 2,A4[11)
2@ PRINT (FOR I=1 TO 5 STEP 2.4[11)
>RUN
71,3,5
1 3 5

18 INPUT N,(FOR K=1 TO N,"WHAT'S NEXT?",3[K1)
2¢ PRINT (FOR K=1 TO WN,BIK1) .

>RUN

23

WHAT'S WEXT?1

WHAT'S NEXT?2

WHAT'S WEXT?3

| 2 3

18 INPUT N¥,(FOR S1=z1 TO N,(FOR I=1 TOC N,CIS1,11))
22 PRINT (FOR Si=! TO K,(FOR Iz] TC Ny CIS51,11))
>RUN
72
?21,2,3,4
l 2 3 4

240



The example below illustrates the use of the colon (:) to save input in the
buffer, and to assign input from the buffer, A colon following the input 1list
saves the buffer, a colon preceding the input list assigns values from the

buffer.

In this example, four input values are placed in the buffer, However, following
line 20 the buffer is cleared because there is no colon after E, Another value

must be input for F,

12 1J4PUT A
22 1HPUT

32 1WUPUT
43 PRINT i
>R U
71,2,3,4
229 .
I 2 3 S
By putting a colon after E as well as before it, the entire buffer is saved:

18 INPUT A
23 INPUT
38 1WPUT
42 PRINT A
sRUN
21,2,3 44
1

Bs
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BUF Function,

the type of the next data item in the buffer,

BUF(X)

The parameter X has no meaning; any expression can replace X as the actual

parameter,

The BUF function is used in conjunction with INPUT to detérmine

The results of executing BUF(X) are:

Value of BUF(X) Next Item in Buffer

real

string

no data in 5uffer
integer

long .

complex

The form iss

PP w2y AR

1
2
L
5
6
7
BU

Exanple

13 IRPUT =

28 IF BUF(2)=4 THZN GOTO 192

32 IF BUF(2)z=5 THzN DO
43 INPUT i

50 PRINT “"INTZGZR A=";A

692 GOIC 20
72 DVNNIJ

8¢ IF BUF(@)=1 THEN DO
93  INPUT :B:

122 PRIGT "REAL NO ="3B
118 GOTC 22

122 DOED

130 IF BUF(2)z2 THEN DO
142  IHPUT :CS:

153 PRINT “STRING C="3;C$

168 GOT0 22
172 DCERXRD
183 GOTO 232 _
198 PRINT "Z8D OF BUFFER"®

When run, the user can input any number of constants and they will be kept

in the input buffer, This example assumes that no long or complex numbers

will be input,
>R Uil

21 03, X" ,578,35.2,68.6,75, ",

RZiL w0 = 1.3
STH1ia C=R
1TZGER 8= 5758
RZal N0 = 35.2
FthL 10 = 66.6
SDTOGZR Rz 79
1 U LJ h
1405 €=C
.5. D OrF pUrrzZR

r-u)i—i

T
STH

BUF(X) will not return the value 3,

"C" .

-




ENTER STATENENT

The ENTER statement provides the program with more control over the input operation.
The statement can limit the amount of time allowed to input data from the input device
(e.g.,terminal) provide the program with the actualinput time, indicate whether the data is of
the correct type, and return logical device number of the user’s terminal.

Form

There are three forms of the ENTER statement:

ENTER # terminal variable

ENTER time limit expression, actual time l.)ariable, input varicble

ENTER # terminal variable, time limit expression, actual time variable, input variable
The terminal veriable after # is ursed to return the logical device number of the terminal;

the time limit expression specifies the time allowed for input; the actual time variable
is assigned the actual time used; and the input veriable is assigned the value typed in.

Explanation

The first form m sets the terminal variable eciual to the user’s terminal logical device
number.

The time limit expression specifies the length of time, in seconds, that the user is allowed
to enter his input. The value must be in the range 1 to 255. Ifitis 0'1eater 255 is used;
ifitis less, 1 1s used

The actual time variable is set to the épproximate time, in seconds, that the user takes to

.respond. If an improper input is typed, this value is negated. If the user fails to respond

within the allotted time, this variable is set to -256.

Only one value can be typed in for each ENTER statement and it is assigned to the input
variable. A string should not be entered enclosed in quotes, but it may contain quotes.
A string that is too long is truncated on the right.

The ENTER statement differs from the INPUT statement in that a “?” is not printed on
the user terminal and the system returns to the program if the user does not respond
within a specified time limit (there is no time limit onn INPUT). Also, the program does not
generate a linefeed after the user types in a carriage return.
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13 DIy C3(25)
27 IiTEn #h .
T TEREINAL N .= s

33 PRIST =734
2 PRICT "YCU HAVE 1 MIWUTE TO TYPE 25 CHARACTZRS FOR C3"

52 zZiLT=ZR 123,E,C3

63 PRINT LIn(l)'"huTUnL TINZ="3E

73 PRI T CS

83 PRINT LI«~C1)3"TYPZ VulLUZ rOR C™

$3 ZUTZIR #4,122,35,C

122 PRINT LIH(I);"HC1UA‘ TINE="3D
112 FRINT C
>RUH

R

NIOAL 0.z 17
YOU HAVE 1 “IHUTE TC TYFZ 25 CHARACTERS FOR €3 o
ENEZDDEID "GUOTES"C.K.
ACTUAL TIME= 3.82
IM3EDDED "QUOTES" C.K.
TYPE VALUE FOR C
27.958L-25

ACTUAL TINEz 12.3
"2.,79580%-24

The system enters the logical terminal number in thefga:iable A as a result
of 1line 20; A can then be referenced as in line 30, Since ENTER does not
provide a prompt character, it is useful‘to print some form of prompt parti-

cularly because there is a time limit.on the input,

Note that the system does not prbvide a line feed after inpﬁt. It is therefore

essentfal ,if any output is to be printed after the input line, to-provide a line

feed (use LIN function) within the PRINT statement, Without this line feed, a ¢

subsequent output line overprints the input line,

A common use of ENTER is to test students:

12 FPRINT "WHET 1S .25 TINZS 757"
29 ZUTER 33,T1,X
3217 X=.25%x75 THEJd GOTO 73
S PRINT LINCL),"SORRY,THT CORREST LJUSWSR IS™ $25%75
52 PRINT "TRY THUE UEXT PRoTL=y™ :
§3 COTO 82 ‘
79 FRILT LIRCI)3"CCRARZICT,YOU &N3JEEESD). I3 Ty"SzZCoxms"™
82 RINM.THZ NZIXT PEOZLEZI COULD ST. T He:zE
>ty
WHAT IS .25 TINTS 752
18.75
CORRIZT,YCOU RUSWIRID Id 4.31 SECOUDS

H . AR
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> BASIC _ -

. ¥hen a BASIC/BOOO program is prompting for input at the terminal as a result
, a“d ENT £
of the INPUT statement% the user can interrupt input and request a new level of the

BASIC/3000 Interpreter by typing DBASIC in response to the question,

The computer returns a greater than sign (>) to prompt for other BASIC

statements or commands,

The previous program is suspended until the user types EXIT.) =

EXIT in this case returns

' ovENTE FL
control to the INPUT statement in the previous progra.m The computer types

two question marks (??) to signal that it is wa.iting for further input.A
Exampie

EHE

12 PRIGNT SuP(‘V&)
>-./Ul‘
- $.69538

SEXIT

2273.659536

>

The user responds to the INPUT prompt signal with ) BASIC, He can then enter
and run another program, EXIT returns control to the original program, He now

entexrs the value he got as a result of the program run in >BASIC,

‘ When BASIC/3000 is entered with > BASIC, it cannot be entered again in the

same way, Thet 1s, there i1s no nesting of this feature,

244




comwarns | .
So far we have used a set of commands (LIST, RUN, SCRATCH) for simple program
. manipulation, Both LIST and RUN have paraneters and functions other than were

11lustrated, The full capability of commands used to run a program, to edit a

program, and to save a program in the library are described here, The commands ares

I RUN ™~ L
The Editing Commands: '
LIST |
SCRATCH
-DELETE
RENUMBER
LENGTH
Library Commands:
NAME
SAVE
GET
AP?END;
. " PURGE

CATALOG

Commands in general are descrited in Section I, It should be recdlled here
that commands do not have lahels; they are entered directly after the v »
rrompt character and are executed immediately, Unlike statements, commands -

may not contain embedded blanks except between parameters, Some commands

are abbreviated,

2-45




Certain conventions are used in the command descriptions |

_ ' UPPER-CASE Key words that must be spelled correctly
lower-case Words defined by the user '
C 3 k Enclose optional items
{ 3 -Enclose required items _
: | Separatesalternatives, one of which must be choseﬁ
) _ Indicate the preceding item may be repeated

In the command deécriptions, certain keywords are used:

programname  a BASIC/3000 program file
filename a non-BASIC/3000 file
asciifile an MPE/3000 ASCII file

l
Key word parameters may be in any order, i

"2—46
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The RUN command executes a BASIC/3000 program; the form is

RUN [programname] [, label] . S o
) [, OUT = asciifile] [, NOWARN] - B
- ... [, FREQ] [, NOECHO]

If programname is specified, the named program is retrieved from the user's
library and made the current program, The current program then is executed,
_ Any traces and breakpoints are deleted, (Traces and breakpoints are described

in Section VII, Debugging.)

If label is specified, execution starts at the first executable statement at
or after the label number, The starting statement must not be a function

definition,

OUT—asciifiie diverts all printed output and trace information to the speci-

fied asciifile,
NOWARN suppresses warning messages,

FREQ causes a table to be printed following program execution that summaiizes
the usage of all statements in all programs that are part of the run, There
may be more than one program in a run when segmentation is used (see Segmentation,

Section X),

NOECHO suppresses printing of program input when the input and 1list files are

not on the same device,
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19
20
30
49
50
".7 63
7108
82
93
182
113
122

" Examples of RUN

The progfam below is the current ﬁrdgramx.

1 10 8,Cl11),D
=1 TO 8,ClI1),D
READ &

RESTCRE 2% A

READ B | | | .
RISTGRE 32

READ C

PRINT 4,8,C

. First the entire program is run, then it is run starting at line 603

>RUN
— S - 5 . 7 9
. 13 15 17 1.S
e 3 9 15 .
‘.. >sRUN,63
3 9 15
Next the same program is run with a frequency table.
>RUH ,FREQ . _ . :
3 5 7 9
-3 S 15 :
FREQUERCY TAELE
TOTAL STATEMENTS = 12
TOTAL TIME = .481 SZCONDS
FREQUENCY EXZCUTION TIME
LABEL COUWNT PCT AVE TOTAL PCT
12 1 8 223 22D ¢
20 1 8 223 003 2
30 1 g8 o223 223 2
49 1 8 « 302 e 232 A
50 1 8 279 279 58
60 1 8 o223 o 228E 2
. : 70 1 8 o 2d2 e D20 g
89 1 8 233 2L 2
SJ 1 8 IOP/ 2D 2
122 1 8 ol 223 2
118 i g « 303 230 J
120 1 8 23T 2322 2
SYSTEM CVERHEAD 232 42

11
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EDITING COMMANDS _
The editing commands always affect the current program, that is, the program |
@ it s currently being entered at the terninal,

11T
The LIST commanci lists all or part of the current program; the form is
LIST [ first[-last]][, OUT = asciifile][ , RECSIZE = number]

Where first and last specify the range of statements to be listed and asciifile specifies
: the MPE/3000 file to list upon. If RECSIZE is specified, the number specifies the number
: . of characters per record for the list file. The default parameters are first = 1,{ast = 9999,
z the normal list file, and RECSIZE = 72. .

$

Example,\.

LIST  The entire current program is listed at the
terminal,

. ; LIST 1-100,0UT=FASTFILE,RECSIZE=130
‘ Statements i througi: 100 of the current program

are listed on the file FAS‘I‘FILE with record size f130.

Note that a. listing can be stopped by pressing the CTRL Y key, The user s returncd :
to BASIC control, ; | e e

U SCRATCH

: e SCRATCH command deletes the entire current program and 1ts(%x}£ne the form is

- SCRATCH or SCR IR -
: " SCRATCH al ! PWP ) . i
: _ also clears traces and brealgs (Traces and brea.kpoints are defined in
Section\ IICS\ b \O"‘( I.W\ AL SC vl l.-’J
Exa.mplet |
SCR The current program is deleted, and a new
_ . ) | current program can be entered in the users
work area,
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=! TE ‘ - A o 4 |
DELE | o
The DELETE command elews-the-user-to deletéspemﬁed statement[ -the form is

{DELETE | DEL } first [ - last ][, first [ - last 11..

. Where first and last are statement labels the statements referenced by the parameters
T /are deleted from the program. Each first-last pair specifies a range of statements which
T ’ >are to be deleted. If a first is given without a last, only the one statement is deleted.
z 7 Example; o« . S
\ >DEL 45375: APB-T100 . - Statements ’4—5, 75' and. a.ll statements
\ - “ inclusive-
-from 400 through 700 ) are deleted from
" the user's current program,
"RENUMBER

. The RENUMBER command allows the user to renumber any of the statements in the
current program; the form is _ . o i

"

{RENUM | RENUMBER} [ newfirst [ , delta [ , oldfirst [ - oldlast I[l]

> oldftrst and oldlast specify the range of original statements to te renumbered (defaults

Z . arel$9999). If only oldfirst is specified, the default for oldlast is 9953. The first of -
z these statements is assigned the number newfirst (default is 10) and each of the re-
‘: i mazinder is assigned a sintement number delta greater than its predecessor (default for
delta is 10). Any statement in the program which references a renumbered statement is

= changed as required for consistency.

Exanplé}
7 RENUMBER : | The statements in the current program are
| renumbered in increments of 10 starting with
| statement number.lo.

> RENUM 5,5,1-890 The old statement numbers 1 through -890 are
renumbered starting with 5 and increasing by
by 5. | |

LENGTH

“The LENGTH command reports the size of the current program; the form is

® " LENGTH| LEN
The length of the current program (in 1G6-bit words)'is printed.
Exemplet

7 LENGTH The length of the current program is printed,

-




Example Using Editing Commands

The user inputs a program; mistakes within lines are ccrrected with CTRL H,

>12 1iHPUGNT n,2,C,D,E

>23 REh..IUPUT 5 VALUES

»32 LET Sz (AB\+3+C+34+I)I N\ /S

>43 RZM+W524VERLGE CF 5 INPUT VALUSS
>53 PRINT S l Lo

LIST correctly lists the programs
>LIST
12 15FUT a,B,C,D,2
2¢ Rchi.I1dPUT 5 V.LUES
33 LET S=z(A+3+C+2+2) /5
_ 4% REMN..SzAVZRAGZ OF 5 1&PUT VALUZS
_ 53 PRIAT S
LENGTH gives the length in computer words:

.

sLENGTH
53 WORDS.

' The yemark lines are deleted and the program is listed!

33 LET S=(A+B+C+2+3) /5
S¢ FRIUT S

Next, the program is renumbered and listed again:

>R EHUMSER

>L1IST
1¢ IJPUT 4,B,C,D,=
20 LET S=z(A+B+C+HE) />
33 PRINT S

The program is scratched, When LISTVi§ now specified, there 1s no current
program; the computer returns a “:> 7 to prompt for further entrieé:

>SCRATCH
>LIST

>
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LIBRARY COMMANDS

When a current program is complete, and if it is to be used again, it should
be saved in the user's library. A copy of the current program identified by
a name 1is keiﬁt in the library when the program is saved, The current program
is not affected; it remains the current program until log off, or until it is

scratched with the SCRATCH command,

When a programl. is saved, it must be given a name eithcr with the NAME or
SAVE command. The program name is used to ge‘ﬁ, to append, or to purge a
program in the user's group library, The name must be unique among names
in a particula.r user's group library, It may ‘be duplicated by other usefs
in other groups. A catalog of the programs and files contained in the

user's library may be requested with the CATALOG command,

BAME

-

_alphabetic. o , R

The NAME command assigns a name to the current program; the form is

NAME programname

The programname specified is assigned to the current program. The programname can

f eight alphabetic and numeric characters, beginning with an
/

be any combination o

Examples
NAME PROGX. The current program is assigned the

name PROGX,



. . .
- ¢ . . o . -

SAVE T - - .

The SAVE command stores a copy of the current program in the user's library; the form is

SAVE [programname] [!] [, FAST][, RUN ONLY)

1f i s < '
programname 1s specified, that name is given to the saved copy, but not to the current
program, If programname is omitted, the namd of the current program is assumed;
Yereamientrms i .

in this case, the program must have been named before it can be saved.
If there is no file with the same name in the user's library, a new file is

created and a copy of the current program is stored in it, If a file already
exists in the library G7ith the same namej, the SAVE command is rejected unless
the exclamation mark is specified, in which case the original file is purged

and a new file created, : , -

. FAST causes the program to be saved in pseudo-compiled form so that it can be RUN
... more quickly. It also ensures that the program is valid (matching FOR-NEXT pairs, etc.).

A program saved for RUNONLY 1is assumed to be free of errérs and ready for execution.h
When a RUNONLY program is brought into the user's work area with GET, certzin
commands are illegal until a SCRATCH or another GET, For instance, a RUNONLY
‘ program cannct bs listed oxr medificd, The only oommende Jegal when a RUNONLY

program 1is current are:

ABORT
CATALOG
CREATE
DUMP
EXIT
GET
KEY
PURGE
RESUME or GO
RUN
SCRATCH
SPOOL
SYSTEM
TAPE

. XEQ




Examples:

SAVE PROGX

NAME PROGX
SAVE

SAVE PROGX | ,FAST,RUNONLY

. The name PROGX is assigned to the copy

of the current program that 1is saved in
the user's library,

The current program is given the name PROGX,
and then a copy 1s saved in the user®s library,

A copy of the current prbgram is assigned the
name PHOGX and stored in the user's library; any
other program with the name PROGX is purged from
the library, The program is saved in pseudo-
complled form and,if retrieved as the current
program only commands legal with RUNONLY can

be used,




GET

The GET command loads a specified BASIC/3000 procrram into the user’s working

space; the form is

GET programname

)‘Vhere programname is the name of & program to replace the current program.

GET deletes all traces and breakpoints.,

Examples
GET SEAPCH
= PURGE
) . The PURGE comman} removes a

SEARCH is a program saved in the user's
library, It is now also available in
the user's work area replacing any previous

mixyexk program in that area,

or program from the user’s library; the form is

PURGE {basicfilel programname | filename}

The file or program specified is deleted from the user’s library; it is not recoverable once

B it has been purged.

Examples

PURGE PROGX

PROGX 1s a file or program in the user's
library. 7Tt is no longer availabdble to
the user and its name may be assigned to

another file or progranm,
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.APPEND

The APPEND command appends a specified program to the user’s current program;

the form is

APPEND programname

The program specified is appended to the end of the current program. The last se;;u;nce
number of the current program must be smaller than the first sequence number of the _
appended program. Programs which have been saved in pseudo-compiled form (see SAVE

- command) and RUNONLY prosrams cannot be appended,

‘Example: ,

APPEND PROGX PROCX is a program saved in the user's
library. It is appended to the program
currently in the user's work area,

. - _CATALOG o -

The CATALOG command provides a list of programs orx fijes specified by the user,
The list includes the program or file nam,_ the type, the number of logical

records, and if desired, the record width,

The form is:

{ CAT\CATALb@ [f11eset|], ALL] [, RECS12E] [, OUT=asciifile] ESTART=f11ename_]

where:
fileset one or more files or programs, referenced by name,
group, Vhen fileset is omitted, all the files in
the user's .log-on group are listed, (See ’che.
next page for full description of filesect,)
‘ ALL . all ASCII and Binéry Tiles are included in the list;

if ALL is omitted, only BASIC files and programs are

listed,

9_c £




RECSIZE requests the record width for each file, If RECSIZE

is omitted, record width is not listed,

OUT=asclifile the file 1listing is diverted to the specified ASCII
file; if OUT is oritted, the 1list is on the 1list

device (e,g., the terminal),

START=f1lenane the listing starts with the speciflied file nane,

For each file listed, the file name, the type (BF for BASIC file, SP for

saved program, FP for fast saved progfam, A for ASCII, B for Binary) and the
numbef of records in the file are listed, The record width is listed if
RECSIZE is specified; the width is in bytes for ASCII files, in words othexrwise,
The listing is printed in as many columns as-will fit across the width of the

list device,

Output can be stopped with CTRL Y, as with the LIST command,

The fileset parameter has three fields that aliow the user to request descriptions
of one file alone, or various sets of files, The filename field indicates a
specific file or all files within the units designated by the other fields., The
group field denotes the group to which the files belong, The account field
denotes the account to which the group belongs, or it may specify all accounts

in the system, To specify all files, groups, or accounts, the user entexrs the

character @ in the appropriate field, The three fields are separated by periods,
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The table below shows the possible combination of entries in fileset;

File Field

Group Field | Account Field Entry Example Meaning

filename | groupname | accountname FILE.GROUP.ACCT | The file named, in the
group and account
designated.

filename | groupname FILE.GROUP The file named, in the
group designated under
the log- account.

filename FILE The file name, under
the log-on group.

@ groupname | accountname @.GROUP.ACCT |Allfiles in the group
named, under the
designated account.

@ groupi.ame e.euILy All files in the group
named, under the

- log-on account.

@ @ All files in 'the lov{g-
on group. This is the
default case,

@ '@ accountname @.e,ACCT All files in all groups
under the account named.

@ @' .0 All files in all groups under;

’ the log-on account.
@ @ @ @.0.0 All files in the system.




Exanple; Using Library Commands

A program is input, named, and saved in the usex's library, It is then scratched
as the current programs
>123 10PUT A,2,C

?
>122 LZT S=(n+c+C
>131 PRINT S

>Naniz ~VEIRAGZE
>SLVE
>SCRLTCH

A second program is entered, named and saved, The first program is then appended
to this progran to make a third program, It too is named and saved:

o »12 14PUT R
>22 Pz3.l4
>33 LizPxR*x*2
>42 PRILT A
>JANE AREA
>SAEVE
>iPPEND AVERAGE
>HAMNE CaLC
>Save

Any of these programs may now be brought back as the current program with GET,

To illustrate, each is retrieved and then listed:

>GeT AVE PAGL
>LIST
AVuR (J‘
125 14PUT h,B,C,J,_
128 LET S=(A+B+C+ i+ : )/5
132 PRIGT S
>CZT &REA
>LIST
ARTE
12 INPUT R
23 P=3.14
30 Ez=PXxR*x2
40 PRINT &
>GET CAlLC
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To determine whether a particular program is in the user's library, he can
type CATALOG followed by the program name, If there are not too many files

in the current log;on group, he can simply type CATALOG to get a list of all

the flles currently saved.

~In this example, the user requests a qatalog'of the program CALC, He then

types RUN CALC and the program will be retrieved from the library and runi

>cATALOG CAHLC

ACCCUAT=SYS GROUP =PU3

NAME RECORDS NANE RECOR3DS NAME RECORDS WAMZ rzCOR
GiLC SP 2

>RUHd CALC

CalLC

262

11324

254,56,43,81,;%34, 13

A9.6

If there is no further need for the saved programs, each may be purged

as follows:
>PURGE CALC -
>PURGZ AREA
>PURGZ AVZRAGE
The program CALC remains the current progran as a result of the RUN CALC command

until it is scratched or until the user exits from BASIC,

Saved programs remain in the library after log off and can only be removed with

the PURGE command,
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ARRAYS : III

(2\/ nu:CW)
An arrayAis a set of variables which is known by one name. The individual elements of ap
array are specified by the addition of a subscript to the array name; fer exaaple, ¥(7) is

the seventh elenent of avray M, .

Arrays have either one or two dimensions. A one-dimensional array consists of a single
column of many rows. The elements are specified by a single subscript, indicating the row
desired. Rows and columns are numbered starting with a.” A two-dimensional array consists
of a specified number of rows and a specified number of columns organized into a table. For
example, an array M of five rows and three columns can be represented as follows:

Columns
1 2 3
‘ 1| ML g 11.8)

2 [H/ 21 [H22) [12.3)

1wz | H(3D |nf2) |33
4 |n(an) [Ma2) [4as)

5 [MBD M52 [453)

Each clement of the array is specified by a pair of subscripts separated by commas; the
el Ind; - e 3 i .
first indicales the row and the second the column. Tpe subscript values must be

‘integer constauts,
Every array in a BASIC/3000 vrogram is defined in one of three wa.js:

© Through a DIM statement that specifics the array name, and the

number of rows and columns.

o Through a type declaration that specifies the same information as
. DIM ahd also declares the array to contain a particular data type.
© Through usage--numeric arrays that are used but 2re not explicitly

defined in a DI or type siatement have 1€ rows if onc-d:lmansional

or 10 rows and 10 colunns if tvo-dimensional,




The physical size of an array is the total number of elements originally
allocated to 1t; rj“ the logical size is the current number of rowé
times the current number of columns, The physical size of an array cannot

be changed during execution, but the logical size (that is, the number of rows
and colunns) can be changed with a REDIM statement sb long as the physical size

is not exceeded.

BASIC/BOOO permits arrays of all numeric data types as well as one~dimensional
string arrays, Remarks in this section refer to numeric arrays, unless other-

Wise noted, String arrays are described in section V,

This section describes DIM and REDIM as used for numeric arrays, In addition
it describes special statements used for computation and manipulation of one-

and two~dimensional arrays., All of these statements begin with the word MAT,

N



DIM STATEMENT
The DIM statement is used to reserve storage for arrays and to set upper bounds
on the number of lements in arrays., DIM statements may also be used with strings

(see Section V),

Form

DIM variable(inteser),variable(integer),...

where the variable is the array name, and the integer specifies the

number of rows in a one~dimensional array.

DIM variable(integer ,inteser),variable(inteser,integer),...

where the variable names a two-dimensional array, and the first integer

specifies the number of rows in the array, the second the number of columns,

Rows and columns are numbered starting with 1, The overall array sigze is the
numbexr of elements, In a one-dimensional axrav it is identical to the number

of rows; in a two-dimensional array it is the product of the rows and columns,

More than one array can be named in a DIM statement; they are separated by

commas,

Explanation

The elements of an array are specified by subscripted variables, The values

of the elements are undefined when the prbgram begins, The number of elements
in the array is defined by a DIM statement, a type statement, or by usage. The
DIM statement can appear anywhere in a program and is not executed, If control
transfers to a DIM statement, execution falls through to the next sequential

statement,



REDIM STATEXENT
The REDIM statement is used to vary the number of rows and columns in arrxrays,

REDIM.is also used with strings (see Section V).

Form

REDIM variable(intezer expression),variable(integer expression)y ...

. toq intezer expression), .
M variable(integer expression,i
- ( variable(integer exvression,integer expression)y ...

REDIM is like DIM except that the rows and columns can be specified with integer

expressions, The value of the exprgs;ion_must be positive,

When more than one array is specified in a REDIM expression, they are separated

by commas,

Explanation

The variables in a REDIM statement must have been previously dimensioned either
explicitly with a DIM or type statement, or implicitly through use, When using
REDIM to redimension an array, the number of ynvs and ecclumns can ba chanxed -
as desired provided these two conditions are met:

o0 The number of dimensions must not be changed,

o The total number of elements (rows times columns) must not

be increased beyond the initially dimensioned size,

Any data elements whose subscripts are included in both the old and new dimensions

retain thelr old values in the newly dimensioned array, New elements have

undefined values,

Arrays may be implicitly redimensioned in MAT READ, MAT INPUT and the MAT Initial-

ization and MAT Operation statements,



Examples

R R NSRS S

[SM]

[N

199 DIM w[23], L[5 5)
122 FOR X= l TO 23
133 ALX

143 KZIXT X

158 S04,11=12C
183 PRINT (FCR
172 REDIN n[lZ]
182 PR1LT (FOR

22yA1A1),214,1)

U) II

1 IC
(3,2
1 T3

1E,3ATAY),204,1)
EFach element in A is set to zero, then one element in B is set to 100, and the
resuits are printed, After redimensioning, the results are again printed, Note

that B(4,1) is not affected by REDIM since it is still within the bounds of the

redimensioned array.

2 A 2 Z

2 2 2 2

ol % Z ¢

2 7/ J &
2

2 g o 2

(4] Z oA 3
/]

In the example below, array C is dimensioned by use to have 10 rows and 10
columns, and array C5 to have 10 rows, An element in each afray i1s assigned
a value which, when the arrays are redimensioned,” are out of the bounds of

the array, Other elements within the hew bounds are then given values and

printed:
18 Cl4,1)=99
23 C50121=2
33 RE[..bOTh C uND C5 ARE DIMENSICUZD BY USE
43 REN...C anH 13 RCWS AWD 18 CO2LUVNS
O REZMeoCS WITH 1& RGWS
53 PRIIT Cl4,1)
73 PRINT Catlol-
8C REDIM clzg,21,C505])
93 REN..CC4,1) AND C5C14) 4RE NO LOSNGER DEFINED
130 C12,11=272
PIC Cers)=122
128 PRIET Cl2,11,C85[05])
>l
99
J
72 152



STORING DATA IN ARRAYS
'There are several methods of assigning values to arrays, Individual elements

can be assigned using the assignment statement:

‘ 16 LET A[5]1:=26
23 El1,91=4%4.5

In addition, individual elements can appear in INPUT and READ statementss

18 INPUT AL11,Al21,A03)
28 RZnD Bll,2)

If "embedded FOR loops are used, entire arrays can be filled element by element:

12 I4PUT (FOR &

I 1 TO
23 RZAD (FOR =1 T0O

= yAlNY)
1 T (FOR =1 TO 5,BIN,{)))

E
-~
9

5

To simplify the use of arrays, the MAT INPUT and MAT READ statements are
provided to fill entire arrays,

MAT READ/INPUT STATEMENTS

The MAT READ statement assigns values from DATA statements to entire arrays, row by
< row. If dimensions are specified, the array is given new logical dimensions. The MAT
‘ INPUT statement is ideintical 1o MAT READ except that the vabiee are taken from the

input device (e.g., terminal) as in an INPUT statement. '

Form

MAT READ array,array,...

MAT INPUT array,array,...
each array is either an array name (A,B7, etc) or an array name followed by

new dimensions (A(5), B(5,J)). The dimensions can be any expressions, The rules
for assigning new dimensions are given in the description of REDIM,

Explanation

If an array is dimensioned in MAT INPUT or MAT READ, the new logical size (i.e., the Lot L

number of elements) must not be more than were origi
. originally allocated to the arra
may the number of dimensions be altered. e



arra
If the array is a string, oﬁiy the number of elements can be changed by MAT INPUT

or MAT READ, The size of the elements in the string cannot be changed. (See

Section V for a description of strings and string arrays,)

None of the speclal extensions available with a simplef'IN?UT_such as

saving excess input, are allowed with MAT INPUT,

Examples

12 DIt ALS]),CL1C,4)
23 MaT READ A

25 RZSTORE

3% val R=ZAD C(5g,4)

43 PRINT All] A[5],h[9]

83 PRIGT C[l,l 1,C05,21,CI8,4]
1222 DaTa 1,2,3,4,5,8,7,8,9,12
1213 DATA 12,9,8,7,5,5,4,3,2,1
1330 DATA 3€,31,32,33,34,35,368,37,38,39
12483 DATA 42,41,42,43,44,45,46,47,43,49
>RIIN _

i 5 9

| 3 41

‘Array C 1is redimensioned by MAT READ in line
Three elements from each array are printed.A Note that the RESTORE and DATA

statements have the same functions with MAT READ as they do with READ,

30,

In the next example, the MAT INPUT statement expects input from the user., Both

arrays A and C are printed in their entirety using FOR loops as print items.

12 DIti AlS1,C(2,3)])

2¢ MaT INPUT &,C .

33 PRIHT (FOR 3z=1 TO S,sl:

43 PRINT (FCR =l 1C 2,(rC? =1 TO 3,ClH,01))

>RUN

29,8 746,5,4,3,2,1

2722,33,44,55,65, 77

o 8 7 8
4 3 2 1
22 33 44 &5

17

[FRY
.
L

v




|

| ) | |
- ' .
! c ; . .
.RINTING DATA FROM ARRAYS
The mechunisms for printing data from arrays are parallel to those used for filling arrays.
Individual elements can be printed using PRINT:

‘108 PRINT All11,A[21,AL3)

If embedded FOR loops are used, entire arrays can be printed element by element:

1006 PRINT (FOR N=1 TO 1S,AIND)
208 PRINT (FOR N=1 TO 15,(FOR M=1 TO 5,BIN,M1))
To simplify the use of arrays, the MAT PRINT statement is provided to print

entire arrays, MAT PRINT is also availlable for printing string arrays (see

‘ Section V) and for yrinting arraye 4o files feee Section VIII),

v
- o
.

L4

[

MAT PRINT STATEMENT

The MAT PRINT statement allows the printing of one or more complete arrays in a single
statement. The elemients are printed row by row and can be spaced out in fields or packed
together; as in the PRINT statement (Section II.).

Form
The form of a MAT PRINT statement is:
MAT PRINT mat print item, mat print item, ...

A MAT PRINT item is cither an array name or special function (TAB, LIN, CTL, and SPA);
items are scparated by a comma “or semi-colon. and the list is optionally terminated by

a comma ‘or semi-colon . IFOR loops are not allowed in MAT PRINT.
L

[}




Explanation

Each row of each ‘r]::t;:z:is printed separately, with double spacing between rows. If a
comma follows the array, each element starts in one of the five divisions of the line (see

. “PRINT Statement”, Section IIT)> If a semiZcolon follows the array, the elements are
printed packed together, as if each element were followed by a semi-colon. If nothing
follows the last array, a comma is assumed. All formatting is done according to the
specifications under PRINT statement. '

An undefined array element causes the program to terminate. A one-dimensional array
is printed as a single row,

Example . " : .

12 Didt Al13),BI5 2,21
20 AT READ A,BI
38 MAT PRINT A
42 PRINT
58 MAT PRINT B,LINC1), C,LINCI)
68 MAT PRINT A;LINC2),B;
1222 DATA 2.5,46.7,75,2,52.1,3,2,2,19.8,2
1312 DATA 1,2,3,4,5,5,7,8,9,12
1822 DATA 11,12,13,14,15,16,17,18,19,25

921, I
3,51,C

>RURN

2.5 46,7 75 ' 2 5¢.1
. 3 2 2 : 19.8 3

| 2 3 4 5

6 7 g S 12

11 12 : 13 ) 14 15

16 17

18 19

2.5 46,17 75 g 52,1 e g Z

15.8 3

| 2 3 4 5

6 7 8 9 13

11 12 13 14 15

Note the effect of the scmicolons following A and B in the MAT FRINT statement,
line 60, on the printed output, MAT RFAD in line 20 redimcnsions array Bj
redimensioning of arrars is not permitted in a MAT PRINT statement, '
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INITIALIZING ARRAYS

CON, IDN) provide the means to initlalize numeric

1al functions (ZER
. Three spec (ZER, " opt1°na'11y to redimension the arrays,

arrays with certain values, an

Form
The forms of MAT Mitialization sta.tements ares .

MAT numeric array=function

MAT numeric array=function(dimension)
The allowable functions are ZER, CON, and IDN.

integer
The (dimension) part is optional and consists of one or two expresswns separated by a

comma. It changes the logical size of the array.

Explanation
ZER sets all elements of the array to zero.
CON sets all elements of the array to one.

IDN assigns an identity array to the array specified. The identity array is all zeroes,
except the major diagonal which is all ones. The major diagonal starts in the upper left
. corner. Ifthe array is not square, ones are exiended »lvug ihe dagonal as far as possible.
If an array is redimensioned by ZER, CON or IDN, the new size cannot have more

elements than the original size, nor can the number of dimensions be altered,
Examples
18 DIN A15,5)

20 MAT w=ZER
39 MAT PRINT &

>RUN

dJ J 2z | z 4
J 2 3 2 z
2 2 3 ) Z -
J 2 9 | ) S
< ¢ o e . I

_ ‘ Function ZER scts each element in array A to zero,

LINY




13 DIN n~l4,4]
22 AT A=CGii(3,4)
33 MAT FRIJT s

‘ >RUN
! ! v l 1
| 1 1 l
l 1 1. 1

VAT-A= CON(3,4) redimensions array A to have 3 rows and 4 columns, and sets eaéh
element in the newly dimensioned array to 1,
19 DIN 4(5,5

29 MoT A=IDN(4,4)
32 14T PRIAT &

SRUY

1 z z )
3 1 ' ) Z
2 ¢ . 2

) ¢ , ) 1
o |

IDN(4,&4) :¢hanges the dimensions of A to 4 rows by 4 columns and sets the major diagonal
to 1, the remaining elements to zero, If the array is not square, the extra elements

are set to zero:

12 DIM al5,5)
03 WAT A21Dd(543)
32 1T PRINT A

>EUH

-1 Z 2
3 1 Z
g Z l
J J )
2 e Z




ARRAY OPERATIONS

This group of six statements provides functions which operate on one or more entire arrays -

MAT Copy’_Statement
MAT Add/ Sul;/f?_gtatement
MAT Multiply Statement
MAT Inverse Statement
MAT Transpose Statement

MAT Scalar Multiply Statement
The arrays named in each statement must be the same numeric type (see Variable Types,
Array Copying Section 1V),

. The MAT copy statement copies one array into another. The form is

MAT numeric array = numeric array

The array on the right is copied into the array on the left. The destination array must
have at least as many elements as the source and the same number of dimensions. It is
. redimensioned to have the same number of rows and columns as the source.

‘ Example
12 DIM A112,31,B203,2)
29 WAT RERD B2
32 MaT Al=BZ2

47 MAT PRINT fal
1322 DATA 2.5,48.7, 15,3, Su.l,.d,.,,J 15.9,0

>RUN ‘
2.5 ' 46,7
75 2
58.1 2

;’/ ‘1)



Array Addition/Subtraction v

N

\, _
The MAT Add/Sub Statement performs array addition or subtraction (element by
element) upon arrays of identical logical size and assigns the result to another array.

’ The form is

MAT numeric array = numeric array + numeric array

MAT numeric array = numeric array - numeric array-

The resulting array is assigned to the array on the left, which is redimensioned as in MAT
copy. Any or all of these arrays may be the same array,

Examples

19 DIN 512,21,a112,21,A202,2]

2¢ MAT READ Al ,A2

32 MAT Bz=A1+A2

4% AT PRINT A1,LINC2),42,LIN(2),3
12108 DATA 1,2,3,4,5,6,7,8,9,12

>RUN
X 2
3 4
7 8
6 8

The values in arrays Al and A2 are added to produce the values printed for array B,
Using the same data, Al 1s subtracted from A2 to produce the following results in B:

ID DII" Hl[Z,d],Aé[a,E],E[Z,Z]

2o 1T READ A1,42

30 tinT B=Al-AZ

45 tnT PRINT.B . . .
\315 lDATH 1,2’3,4’)’3,7,8,9,10

>RUA
-4 -4
-4 ‘ -4




Array Multiplication

. The MAT multiply statement performs an array multiplication on an array of

dimension n by m and an array of dimension n by p; that is, the number of
columns in the first array must equal the number of rows in the second, The

result,. a new array of dimension m by p, 1s assigned to a thixd array,
The form is '

MAT numeric array = numeric array * numeric array

Each row of the array to the left of * is mu_itiplied by each column of the array in the right

to produce the new element. The resulting array is assigned to the array to the left of
P10 i 4 the a :
operator, Thils array is redimensioned to dimension m by p a,syin the MA% Co;eay ssiemnent

statement, Any cr all of these ‘arrays may be the came array,
‘Example
12 DIN £1(2,3),A213,21,E(2,2)

23 naT READ al,k2 -
32 1aT BzAl®aZ

42 MAT PRIIT AlgLIdCl),p2sliidc B
198 DATa 1,2,3,4.5,6 % 155
2092 DATA 4,5,8,7,8,9

4'. >2 U
! 2 5 3

_ \ array Al

4 5 S {

4 5

array A2

8 7

3 S

42 46

. array B = A1*A2

G4 125

The method for performing a matrix multiplication is to multiply each element
of the first row of array Al by"_'t',he corresponding element of the first column of A2 and

to add the products, The result is the element B(1,1). Then each element in the first

rovw of Al is multiplied by the'cori'es_ponding elcment in the second column of A2 and thes:
are added to produce B(1,2). B(2,1) 1is the sum of the products resulting from the

’ multiplication of row 2 of Al and column 1 of AZj B(2,2) is the sum of the products

of row 2 of Al and column 2 of AZ, To illustrates

i N TN T —y 7 ey
txh (&) + 2x6 (12) +T;§8 (24) = 40 1x5 (5) + 2x7 (14) + 3x9 (27) = 46

M ~ N T v ) - MY
bxl (16) 4 5x6 (30) + 638 (48) = 94 x5 (20)+ 5x7 (35) + 6x9 (54) = 109



A second example multiplies the square array C by itself, In this case, the number of

columns always equals the number of rows, .

IS DIk Cl3,3]

23 VT 1.PUT C

33 UAT PRINT CyLIuCl)
43 ©AT C=CxC

53 wiaT PRIRNT Cj

rRUN
22,4,6,3,1,3,5,7,5
2 4 )

8 l 3

s 7 S

‘I' 111

_To achleve the result MAT C=C*C;

C(1,1) = 2x2 (4) + 4x8 (32) + 6x5 {30) = 66 -\
0(1,2) = 2xb (8) + bxt (&) + 6x7 (42) = sh e
C(1,3) = 2x6 (12) + 4x3 (12) + 6x9 (54) = 78
©(2,1) = 8x2 (16)+ 138 (8) + 3x5 (15) = 39 e
C(2,2) =8xl4 (32) + 1x1 (1) + 3x?7 (21) = 54

C(2,3) = 8x6 (48) + 1x3 (3) + 3x9 (27) = 78

C(3,1) = 5x2 (10) + 7x8 (56) + 9x5 (45) = 111

C(3,2) 5xk (20) + 7x1 (7) + 9x7 (63) = 90

€(3,3) 5%6 (30) + 7x3 (21) + 9x9 (81) = 132~



This next example multiplies a two-dimensional array with three rows and two

columns by a one dimensional array with two rows, The result is a one-dimensional

array with three rows,

12 DI Al3,2),8021,C03)
22 (AT Penb A
33 twT RZRD B

42 a1 Czh*D

53 DaTh 1,293,4,5,5,1,2 A
53 1T PRINT A3LIdC1),ByLINCL),Z;
>h Ui
| 2
3 A hnﬂu\ A
5 S
i 2 } Avvaq ® N
, . )
. * '
To achieve the result MAT C=A*R: \’\f/
‘ / f":\',/ Q
c(1)=1x1 (1) +2x2 (4) = 5 ' ~b};§' N
c(2)= 3xt (3) + 4x2 (8) = 11 |

c(3)= s5x1 (5) + 6x2_(12)= 17



Array Inversion

The MAT Inverse statement assigns the inverse of a square array (i.e.,, number of rows
equals number of columns) to another array. The inverse of an array is the array which,
when multiplied by the original array, results in the identity array. The form is

MAT numeric array = INV (numeric array)

gl
The arrays must be of type real,— long, or complex (see Section VIXE). The array to the left
of the * assisnement operater is redimensioned as in MAT Copy, The two arrays may be
the same, ”

Example

1Z DI «012,31,305,5]
28 aT 12PUT E

5 #aT £213VR)

43 44T PRLAT E,LIHCE),4

>BUN

2Ly Cy 0,232,237, 508y302y 38y 39by3yiglylysytglyiyl

1 ’ o Z & o
2 1 J J Z
3 2 ' l < <
4 3 A l <

1 2 o ) s
-2 l 2 Py 2
| -2 'l J ¥
2 ! -2 l s
o 0 1 -2 1

25 values are input to the square array B, then using INV, array A is set to the
inverse of B, Array A is redimensioned to the same dimensions as B,



*  Array Transposilion

. {r v
The MAT Transpose statement assigns the transposition of an nby m array tg/a mby n array.

. Transposition switches rows and columns. The form is

MAT nunieric array = TRN (numeric array)

The array to the left is vedimensioned as in the VAT Copy statement, The two arrays

may be the same,
Example

12 DIt #(5,3),3(3,5)
23 AT 1&PUT 3

33 bal azIRNE)

43 MAT PRINT B,LIH(2)4n

- >RUR
?1,2,3,4,5,6,7,8,9,12,11,12,13,14, 15
1 Z 3 4 5
6 7 3 S 1
11 12 13 14 15

() ! 8 11

2 7 12
S g 13
4 S ~ 14
5

12 15

Ar?ay A is the result of tra.nsposing array B with the TRN function, The columns
in B are the rows in A; the rows in B are the columns in &,

N
!
—



Array Scalar Multiplication

The MAT scalar multiplication statement multiplies all of the elements of an array by a
' specified value and assigns the result to another array. The form is

MAT numeric array = (numeric expression) * numeric array

The array to the left is redimensioned as in thé MAT Copy statement, The two arrays
may be the same,

Example
17 4=5 | '
23 MaT IWPUT 3
3€ PRIIT
42 HaT Al=(x2)*b

52 MAT PRINT &l

€3 Din L1103 ,4)

73 DIN BIZ,S)
21,2,3,4,5,6,7,8,9,18,11,12

12 27 32 43 52 62

72 80 93 133 112 128
Scalar multiplication simply multiplies each element of the array by the
specified numerlc expression, in this case N*z.or 10 since N=5, Each element
of the resulting array Al is 10 times the corresponding element in B, The

dimensions of Al are copled from B, The two arrays must be the same numeric type;

the numeric expression may be a different type.

The array C will have different values if we change the array dimensions by

changing the DIM statement in line 10:

12 DI w[5,31,B(3,4),C05,4)

>R U
C=aixt., COLCA)= 3 o
38 44 ¢ 03

g3 sg 113 123

o 128 152 17§ 223
| 175 226 239 272
o1z 26 32¢ 344

265 a14 365  4l5 J- 20




ROW/COL FUNCTIONS

Two functions which can be used in expressions return information about arra;f: ROW
® -ucoL '
The ROW function has the form
ROV (array)

and returns the number of rows in the array (a one-dimensional ard array consists of
one column, many rows).

The COL function has the form

COL (array)

and returns the number of columns in the array (returns 1 if the array is one-dimensional).

Examples
13 READ 5,3
2% T RIaD &INM,N] . .
33 PRIGT (FOR Izl T2 ROW(A), (FOX J=1 T2 COLCa),ali,J1d)
47 DATHh 3,5,14C,3,4,5,S,7,3,5,12,11,12,13,14,15
® -
1 2 3 4 5-
s 7 & 9 14
11 12 13 14 15

The dimensions of array A are read into the variables M and N, The functions

ROW(A) and COL(A) are used in the FOR loop to determine the print bounds for
printing the array,

-
—‘I)"
o



VARIABLE TYPES | v

In addition to the floating-point real numbers used so far in this manual ,
BASIC/3000 allows three additional representations of data: integer, long real,
and complex, Including real, these four number types apply to variables,

arrays, constants, expressions, assignments, functions, input and output,

TYPE STATEMENT QO
The Type statement. allocates'/space for vanables and arrays and assigns the m a specific
data type. Any particular variable or array can Q ly appear | in one Type Statement or
DIM Statement, ~—-

/

Form
’
. The form of the Type statement is

type tyve;pec -list

typespec ..

here type is either INTEGER, REAL, LONG, or COMPLEX. The list includes variables
and arrays to be assigned the data type of type. Arrays are defined in the same form as
in the DIM statement (Section III).

Explanation

A simple variable or array which does not appear in ag'I/‘ype statement is automatically type
REAL. The explicit typing of variables in a REAL statement is, therefore, redundant, except
within a function body, where all local variables must be declared in order to distinguish
. them from variabics of the same name outside the function. Type REAL numbers are
represented as 32-bit quantities consisting of a sign, exponent, and fraction. The range of
real numbers %(10‘77;1077) with approximately 6 to 7 digits of precision.
&+

Variables which appear in an INTEGER statement hold integers. The range
of integers is -32767 to 32767.

Variables which appear in a LONG T¥De statement hold long numbers. Long
representatlon is a 48-bit quantity with sign, exponent, and fraction. The range is
identical to, REAL, but LONG has a precision of 11 to 12 digits.

Variables which appear in a COMPLEX -T_}q)c)s/tatement hold numbers in complex form.
Complex representation is a 64-bit quantity consisting of two real numbers, one for the
real part of the complex number and one for the imaginary part. )

- — e o v —— St w— =




NUMERIC CONSTANT FORMS

¥When constants are used in an expression, DATA statement, or during execution of
" an INPUT or ENTER statement, they are represented in one of five forms: integer,

fixed-point, floating-point, complex,or long. Fixed and floating~point numbers are
type REAL,
Integer Form

An integer is a series of digits without a decimal point, A number in integer

form is represented externally (e.g. on the list device) as type INTEGER, ‘ot
internally as type REAL, Examples of integer form:
16 INTZGEZR &4,B
22 Azl0,B=15%
39 PRINT &,B
>RU

12 152 5923 5

When arithmetic operations are performed on expressions containing an integer constant,

the results are real numbters, However, when bcth opemnnds zors tyoe INIEGER, the

result is the nearest integer but with no rounding, For instance,

12 I4TEGER I,J
2 LET 1:=3,J=5
3¢ FRINT 3/5,3/d,1/5,1/J
>R U
.5 .6 ¢5 J

Fixed~Point Form

A fixed-point number is a series of digits with a decimal point, A number in
fixed-point form is represented internally as type REAL, For example:

12 RZAL #,5,C,D

22 LT13.45325.5,02.508567,D2155,97cu7

53 l"l\lml n,E,C,D

>:uil

73 5.5 285567 153,57

4-2-




hu#ﬂ'ﬁ“*’*
- V/‘

Floating-Point Form

A floating-point number is a fixed or integer form number followed by the lettexr
E and an optionally signed exponent The exponent repres7ﬁ€s
to multiply times the rumber., For example 32-11 equals ?xlo11

floating-point form are represented internally as tyre REAL,
floating~-point numbers:

13 RZAL A4 ,C4D _
ZZ r-o_’li,;—.l.']ZS!"AC 101‘4,;1-' ol 13

the power of 10

Numbers in
Examples of

zd r IT h’.._,‘.l,D

>R Ui o . o

3.J8232=-11 4.723652-4% 11236 lolClecddid
. A

A fixed or floating point real number that has an integer value between =32767
..and 32767 is printed as an integer on the list device,

4-2 b




Complex Form
‘A complex number consists of two numbers in integer, fixed-point or floating-point
form, separated by a comma and enclosed in parentheses, The first number is the

. real part, the second represents the imaginary part., Complex numbers are repre-
sented internally as type COMPLEX, Examples of complex numberss

>12 CONPLEIX A, ,C,4C,42

>Z2 @3(515),;:(5.23-3,3),C:(S,-A?f,L:(Z,J)

>:J\') r./-Iu‘l M ’: ,C ’J )

>3

( JETI225H02, S5.27322E+32) ( 3,23222E-3%, Sl220254+20)

( 3.C20305FH22,-4.7¢2282+41) ( SelCl52+00,y Jeo2Z20Z¢22
Long Form ’

Numbers in long form are identical to numbers in real form, except that the
letter E is replaced by the letter L, Long numbers have almost double the

precision of real numbers, Long numbers are represented internally as type LONG,
Examples of long numbers:

23 Az3L-11,E=4,751255L-8, C==1.1L5,3=1,1L-15

3¢ PRIAT A,5,C,D

>HUN

3.33J832¢332L-11 4.7512553282L-¢9

~1412462220303L+25 1128222425381 -15
Examples

This example assigns values to and prints two integer variables and an integer

array
1@ INTEGER A,Bl,dl5,3]
23 LET A=5,Bl=12
38 WMAT W=ZZ=R
49 PRINT £,Bl
>0 WAT PRINT NN
>RUN
> 19
2 o 2 2 4]
2 2 ] 2 ¢
g ¢ 2 Z 2
) 2 2 ] g
2 ) e @ 3
. Note that the tyre statement is used instead of a DIM statement to define the

dimensions of array N,

4-3



printed as

This example assigns values to and prints two real variables; one 1§Afloating-poi§t

and the other as fixed-point:

13 REAL I J

22 LET 1 2799340.6 J=2. 79;-3

33 PRINT I,d

>R UL .

I is printed as a floatirg-point number because its magnitude is greater than
999999,5; J is printed as fixed-point because its magnitnde is less than 999999.5
(see Numexric Output Formats in the PRINT statement description, Section II),

Note that I is rounded,

The following example inputs values to the type LONG variable P, then doubles

each value and prints it:

13 LOKG P

29 IRPUT P

33 LET P=P+P

42 PRINT P
>RUN
72.,7L+12
5.4020838C360L+10

sRU
22 5OL+12
5.82228208238L+12

>RUA
725 L+
o2

1l
oD ZS JAZL+11

The example below reads data into two complex variables and one complex array,

and then prints the variable and array values:

13 CINFLEX C9,i6,n115])
REZAD 3S5,6%

23

32 [T RZInD ii[2)

42 FRIAT CO,L10C1),1%,LIy

£e T PRI T H

9: :r.T!' (4093"5,102:—9),4
l:n: DHTH (5,9),(405,_52),(
>RU.
( 4.5;335;‘35, l.?JCJDC-JS)
( 4.?‘0.:“3_ :’Q, u..__u.f.,J + ’)
CO 720480, S.220225+00)
CALULa0T=08, 1o2licoinny)
(2 lllld ™0, 7002 05

( 40:/:/;.',\4'—+..:.:’-b.0-.:uuuu_':+2\i)
C 2.230005+0],

Secuinuitil)



PRINTING LONG AND COIMPLEX DATA

e
Numbers of all data types can be output on-thelist-file-using the PRINT statement. All
numeric quantities, regardless of type, are printed left-iustified in a field whose width is
always a multiple of 3. At least one blank is always printed on the right side of the field,

unless it is the last item on the line,

The output forn for values of_ type INTEurR and REAL 1s described under Numeric
Output Formats in the PRINT statement description, Section II,

The output form for long quantities is
by an exponent and a trailing blank,

sign fixed-point number

an 11 digit fixed-point number followed
The total required is 18 print positions,

Ltexponent trailing blank
P

Y

11 digits & decimal rt. |1

1 i H 1 1 (] 1 ' Y Il A 1

For example:

=2

X
Py Vs

28 ~4,3214572 -3

The output form for complex numbers is t\\o real numbers separated by a comma and
enclosed in parentheses (i.e., this is the same form as a complex constant). Ea ch part of
the number is printed as a separate 6-digit fixed-point number, foliowed by an exponent ..

The total required is 30 print positions including 3 trailing blanks;

real number ’ real number ) trailing blanks
— P L : 4
6 dif"‘tu & \ . 6 di 1ts &
( decimal pt, |E¥exp 4 cglec mal pt E 1 exp )
71 L : 1 ] 1 1 7 J Aot 1 ! ] [
- sign sign
For exampleti
12 COMPLZY &L o
23 L=ZT rx-(l.’_".’:’,l:ofw‘- <)
33 LTT 1 =2(12.5,1.35323)
45 FRI1ILT At
>nud L e i)
(1 E20225408, 1.35200E8-09) C 1ofSollitlly lediceltin

e lT34C082CaL+22



NUMERIC EXPRESSIONS

Variables of all data types and numbers of all data forms can be used in numeric expres-
sions. BASIC/3000 provides the arithmetic operations for all four data types as well as
automatic conversion when two operands are not of the samne type. The following table
summarizes the results of combining arithmetic elements with any operator (except AND

OR)I\OI‘ and relationals):

. Second Element Data Type

First Element Data Type | INTEGER %REAL LONG COMPLEX
INTEGER “=1 |INTEGER | REAL LONG COMPLEX
hEAL "1 |REAL REAL LONG COMPLEX
LONG 7] |LoNG LONG LONG COMPLEX
COMPLEX ] |COMPLEX | COMPLEX | COMPLEX [ COMPLEX

When the operators AND, OR NOT, =, <, >, <=,>=, and <> are used, the result is
always type REAL (0 for false, 1 for true). When relations are performed on complex
numbers, the real parts are compared first; the imaginary parts are compared only if the -
real parts are equal.

-

-

Examples

An integer combined with a real type in an expression resulis in a real number;
two integers result in an integer:

18 INTEGER 1,11
22 RZAL K
39 LET 1:=25,11=52,R=2.75
42 PRIJT I+11
50 PRIGT 1+R
sRUN
15
27.75

A real type combined with a long results in a long type number; a long type

combined with a complex results in a complex type numbers:

3 FTZal &
22 LCKG L
32 LET L= "J ZDL’ Bz2.75
42 rii.T L+
E3 CCHuPL=X C
67 C:(..7,,-l.2:)
7.5 rii .1 14C
S CCHhpPLEX C
>0

NEOY Y YN
—b .-<( -~.\,~.'.’.'~rl4+vi

(-3 .c;g,"/ﬁ Ei SO B N O Tap



CONDITIONAL STATEMENT

The numeric expression used to make a branching decision in a conditional statement
(Section II ) can contain, or result in, any numeric data type. The expression is

considered false if equal to 0, true otherwise.

NUMERIC ASSIGNIMENT

When the result of a numeric expression is assigned to a variable, it is converted to the
type of that variable. In a LET statement, the same result can be assigned to several
variables in turn, from right to left (A=B=C=5+D7). These variablts need not be of the same
type. If they are not, a conversion is performed at each step in the assignment.

The method of conversion used in assigning values to vanablee of differing data types is

summarized in this table:

Variable Type Value Type
INTEGER REAL
INTEGER LONG
INTEGER COMPLEX
REAL INTEGER
REAL LONG
REAL COMPLEX
LONG INTEGER
LONG REAL
LONG COMPLEX
COMPLEX INTEGER
COMPLEX REAL
COMPLEX LONG

/[-

Conversion Method

Round.

Round.

Round real part; drop imaginary part.
Float.

Round to real precision.

Di'op irhaginary part.

Float to long precision.

Extend mantissa with zeroes.

Extend mantissa of real part with zeroes;
drop imaginary part.

Float for real part; imaginary part
equals zero.

Imaginary part equals zero.

[ ———tie - M. e cerw

Round to real precision for real part;
imaginary part equals zero.

Note that this table applies wherever values are assigned to variables (INPUT, READ, ete.).



An example of multiple assignment with type conversion iss

3 11TIGE
23 RE4L &
® 32 CORFL

wG

‘

1) ¢r
Al
—

£
[
-
o
1y
>
(@]

[t ALY

[T

-

-1 0

DO
(1
(¢ R
w )
O—cr—-
1
[
.
\h
—
(&)

~
¢
v
-

AR R N R D )
( Couwdeon LT oy vevuwewwit oo I
-
L

Note that the long number is rounded up to 2 when it 1s converted to the integer
variable I, R and C also equal 2 since they are assigned after I, If line 50
is changed so that C is assigned before I, the rounding dees not affect C:

- —— i me- v

|
R T B
A T T
T e T
[V AR VEY IS I SEUYL S V]
4, LC.o:z L
. A A il §
o - Lal A.—g—u—_-—lod._
e v ~ T
Y SO | R ,L
=R
>
-~ o ey ey . .
<, ( an-(---:-'a.'.‘*'.;.,, u._J'-,uL1+uu) <

~~~~~~

| .500058080 0400
. If the constant 1,4 is assigned instead of 1.5, the numher is rounded to 1 when
it is converted to an integer and assigned to I, As a result of this integer

conversion, R is also set equal to 1:

R A - -

1o 1LT2GZIR I

2o REAL R

&2 TCiPLIX C

42 LC.e L

52 LZT R=zi=C=zl=zl.4L2

85 F=1 T 2,2,7,L
> UL :

Clec. il levilliiFl0) I

Lesi 2o 200 L+l 0

ENTERING NUMERIC DATA

Constants of all data forms can be entered using READ, INPUT, and ENTER statements.
Once entered they are converted to the fype of the receiving variable according to the
table under “Numeric Assignment.” \

yomawo

OTHER USES OF DATA TYPES

Numbers of all data types can be output with controlled format with the
'PRINT USING statenent, see Scction IX, Numbers of all data types can also
be written onto and rcad from mass storage data files, This process is

described fully in Section VIII,

4-8



NUMERIC ARRAYS

Axrrays can be of all data types, Each element of the array is a variable of

the specified type.

The type statement effectively provides the dimensions

of an array, All of the ¥AT statements dealing with arrays (see Section III),
apply equally to integer, real, long, and complex arrays, except that integer
arrays cannot be inverted with the MAT Inverse statement, Arrays of different

types cannot be mixed in a MAT statement,

Exanmples

1o IMTEZGTR I03,3)

27 LOSG LIZ,%]

53 RE~L Rl2,2)

43 CCHPLIX Cl2,2)

52 i1 1=Z%h

53 MaT R=COY

7% #4T C=1D0

83 AT L=ID

$9 wAT Lz(aoxx2)*L o .
123 ¥aT PRIANT IgLIaCl),ByLInC1),C3LInC),1L;3
SRUN

) o 2

) 3 2

3 3 2

l !

i 1
( 1.332300T420, 2.Z02A2E423)  ( Z.023I0ZHLD,
( 3.032525422, D.20822F22)  ( 1.2Z2IIEHLI,

- ~ - e - ¢ Lo I M|
§.050020 20 0L+ 22 0.2022203883L+20

[4M

AROPRCIGY ) I
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FUNCTTON CTASS

Numeric tmflt-in  functions are divided into four classes according to the nature

‘ of their result,

The following table defines the four classes of function, The type of result they

return is shown for the different argument types:

' ' . Type of Argument

class ' INTEGER/REAL LONG | _ COMPLEX
1 . REAL . LONG  REAL
e ; " REAL " LONG  COMPLEX
R e} - 'COMPLEX“'W"'%M'COMPLEX"' " COMPLEX
T, | mear ) \l REAL 7 REAL

R

The numeric functions are listed below according to thelr class, A complete list

of these functions with their meaning is contained in appendix E,

—

Class 1 Functions

- ABS(x) Absolute value of x,
ATN(x) Arctangent x,
INT(x) Largest integer less than or equal to x,
CEI(x) Smallest integer greater thaﬁ or equal to x.

Class 2 Functions

EXP(x) eX
LOG(x) log x
SQR(x) Square root of x,
SIN(x) Sine x,
cos(x) Cosine x,
TAN(x) ‘ Tangent x,

. SNH(x) Hyperbolic sine x,
CSH(x) Hyperbolic cosine X,
TNH(x) | Hyperbolic tangent x,
PIX(x) a0 % x

A-1N




Class 3 Functions
CNJ(x) Complex conjugate of x,
' . CPX(x,y) Complex number x+yi

Clasé 4 Functions

. RND(x) Random number,
REA(x) Real part of x.
IMG(x) Imaginary part of x,
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STRINGS . ~ SECTION V

, (wz\—j"./

BASIC/3000 allows the programmer to manipulate character strings through the use of string -
literals, variables, matricss, functions, operators (eonentenate-and-comparef, assignment
statements, and input/output statements. Many of the uses of strings are enhancements to
statements that have alrcady been described, such as READ and PRINT.

LITERAL STRINGS

A literal string is a sequence of up to 255 characters. Each character is represented irternally by
a number between zero and 255 as defined in the standard ASCII character set (sce

Appendix A). Some of these characters have graphic representations (they can be

printed — A, B, d, %), while others do not (they are nonprinting —- return, linefeed). Both

types of characters can be included in a literal string, but each is handled differently.

. 'l;onn
A literal string consists of a series of graphic characters surrounded by

quote maxrks:

*character string"

The quote mark cannot be included as a character in the character string,
The quote mark and nonprinting characters can, however, be included in

a literal string by using the integer numeric equivalent of the character preceded
by an apostrophe: '

'interser

The integer may be in the range 0-255, but it 1s good practice to restrict
this form to nonprinting characters and the quote mark (34)., Nonprinting

characters can be combined with quoted strings in a literal string,



Explanation

. Literal strings can include both upper case and lower case letters. When a literal string is

’ printed, each character value is printed literally on the output device. However, when a
program is listed, literal strings are listed with all graphic characters except the quote
mark in quotes and non-graphic characters represented in the apostrophe form.

Examples
" A mull string (a string of zero length)
WBASIC"
"p "
f13*10 Carriage return, line feed

*13*10"TRIPLE STRING"*7? The literal ends with 5 bell :
Bput oLy The literal is A vertical line B

o .

The qucte marx
4

The apostrophe literal form can be juxtaposed with another apostrophe literal;

quoted strings cannot be juxtaposed with one another,



Literal strings can be contained in string variables, simple or subscripted, Simple
string variables greater than c;\necharacter in length and every array string Variable
must be dimensioned in a DIM statement, The purpose of the DIM statement is to

. resexrve storage for strings and arrays and to establish their names and maximum

size,

Form

The DIM stétement consists of the word DIM followed by a list of variable and array
definitions separated by commas.

DIM variable(string size) variable(string size),...

where variable is the name of a simple string variable specified as a letter
"~ followed by a $ or a letter and a digit'folloued by a §, The string size is
an integer constant that specifies the maximum number of characters the string

can contain,

, DIM variable(array size,strine size),variable(string size),...

. 'The array size specifies the total number of elements 4n the awray; the S{cing
size specifies the maximum number of characters in each element, Only one-~dimensional

string arrays are allowed. Both array size and string size are integexrs, )

If more than one variable 1s included in a2 single DIM statement, they must be
separated by commas, Simple string and string array variables may be dimensioned

in the same DIM statement,

Explanation

, :’k\”‘.l

If a string variable does not appear in a DIM statement then it is impliciily defined as a
one-character simple varible. String arrays must be declared in DIM; there is no implicit
size for string arravs as there is for numeric arrays. String variables and elements of
string arrays are initialized to the null string. - T ’

The DIM statement can also be used to declare numeric arrays in the same or a
. different statement. See Section 111,



Examples

19 9o v31201,22105,121, 225112,2)
<d 3527 TITLE OF SZECTIC. 5™
\'J: ;"-.T .3:-.:/ ;3
4: .i;‘\T ;\:r.:} CE: .
c r 3 byl L S R VLN 1} e~ ~ - -~ . :
P -l oreYs o1 a3t vl A L L L L] : PR
63 Do v m ek wlLATET A EISeass LIS L UT ZUTRUT"
-r ~n r = - I " oS e LI LS ol LI T T T -
- 9 ) y 1y o ’ Dl L T ”4" ve s
72 FELLT 3,253:5]. 5502 P BaTyEST, T E4T,TED
- - ndyw0z:2],2505]
>EUN
TITLE OF SZCTICi 13 § P
sblivn 5 ~2 18FUT/CUTAUT

The entire simple string variable A$ is printed, followed by the 5th element

.of the string array C5$ and the 5th element of the string array B$.,

REDIM STATEMENT WITH STRINGS
The purpose of the REDIM statement is to dynam_ically vary the number of elements

. in a string array, but not the string size itself,

Form

The form of the REDIM statement is the word REDIM followed by a list of previcusly

dimensioned string array variables, each one followed by a new size specification
in parentheses,

REDIM variable (new array size)

The new array size may be specified as an integer 'tha.t_'results in a

value between 1 and the previously defined maximum size of the array, Only the

array slze may be redimensioned; the string size may not be changed, Simple

string variables may not be redimensioned,

-
.



Explanation

REDIM changes the size of a one-dimensional string array, but cannot increase the

original size,

The array must have been previously dimensioned with DIM,

Unlike

DIM, REDIM is an executable statement and its position in a program has meaning,

The REDIM statement can also be used to change th? dimensions of numeric arrays

in the same or a different statement, see Section IIT,

Examples

The nunmber of elements in the string arrays C5$ and B$ is reduced.in a REDIM

statement in line 100,

Then the values read inTto the 3rd element of C5¢ and

‘the 2nd element of B$ are printed following the value of the simple string A$,

The maximum length of the individual elements in C5$ and B$ is not affected by

REDIM; these lengthS___

12 DIN A%[ZZ],ES[S,IZ],CS$[13,2]
20 A$:"TITLF Cr SECTIC la"
30 DATH HPRHYS","SlRl‘uS . *ES
49 DATA "Al", k2" UL a4y mST
50 REDIMN 55[3],353[5]
8§ MAT READ E3
7% R=ZSTORE 42
83 AT REARD C53
93 FRINT K3,C55131,851(z)

>RUH

TITLE Cr SECTION 1S5 A3

@p
“

remain as specified in the original DIM statement,

AGES" " rFiLES", 1urU1/OUTHUT"
'El' ,"52"’_.’53"’"54" lr_
STR1XES



STRING VARIABLES

A string variable (simple or subscripted) is used to hold a string literal., The
.declared size of a string variable is called its physical length, The maximum
length of any string variable is 255 characters, A string variable not mentioned

in a DIM statement 1s a simple variable one character in length,

During execution, each string variable contains strings whose length cannot exceed
the variable's physical size, This dynamic length is called the logical length of
the variable and is initialized to zero (i.€,, the null str.ing) at the teginning of

program execution,

_Eofm

A simple string variable is referenced by its name and an optional substring desig-

nator in parentheses,

string name

string name (first character)

string name (first character. last chavacter)

string name (first character; nunber of characte:ps)

The string name is a letter followed by a $ or a letter and a digit followed by a $,

The string name may be followeci by a substring designator in parentheses,

The substring designator consists of one or two numeric expressions, separated by a
comma or semicolon. The first expression always specifies the first character position

' _ the substring. The ending character is determined by the second expression:
If the two expressions are separated by a comma, the second expression specifies the
ending character position; if they are separated by a semicolon it specifies the number of
characters. If there is only ont expression, the endin g character position is the last
character of the string.

A string array variable is referenced by the string name followed, in parentheses,

by a subscript and an optional substring designator serarated by a comma,

string name (subscript)

string name (subseript,first character)
ettt e e g e - e e "——— ——

strins name (subscrint,first character,last character)

string nane (subseript,first characterinumber of characters)

The subscript is an interer expression that specifies the element of the array to

- be selected, Since a string array may have only onc dimension, there may be only

5-6




one subscript value,

The substring desismator and the string name are specified in the same way for string

array variables as for simple string variables,

Unlike numeric array variables, a string array variable must not have the same name

as a simple string variable,
Explanation

Any string variable, simple or subscripted, can be qualiﬁed by a substring designator,
which is used to select a part of the string to be extracted.

If the substring is specified by a single expression, the substring equals the rest of the
string taken from the position indicated by the expression. .

If two expressions are separated by a cornma, the substring consists of the characters
from the position specified by the first expression to the position specified by the second
. expression valueJ (Note: the second expression can be one less than the first; this specifies

the null string).

If two expressions are separated by a semicolon, the substring consists of the characters in
the string variable starting at the position indicated by the {irst expression and taking the
number of consecutive characters specified by the second expression. In this case, the

expression may evaluate to zero, giving a null string,

If A$ is a simple variable:

A$(3,5) , N
ey . {a tbn Rl vy aebe | R PR
22 =8 oXC Tamough tho Sth character of the string

A$(3:3) is also the 3rd through the 5th character of the
string since,in this case, the second expression follows
a semicolon indicating the number of characters
rather than the last character,

A$(3) is '(:h<=T 3rd character through to the end of the string
A$(3;0) - is the null string,

A$(3,2) Is also the null string,

A$ | ~ every character in the string is selected,

If B¢ is an array variable:
B$(3) is the entire 3rd string in the string array,

B$(2,3,5) 1s the 3rd through 5th characters in the second string
of the strine array, -
B$(2,3;3) is also the 3rd through 5th characters in the second

strine;  the substrine starts at the 3rd character and

contains 3 characters,

A string arra S v . :
£ array variable must always be subscripted except in MAT statements

(sce String FAT Orcrafions, this ccetion),



The subscript and substring design=*or expressions may'be any jinteger expressions,
Suprpose the variables I and J are used, with T equal to 5 and J eanal +o 10:

c$(1) is the 5th character to the end of the string if C$
is a simnle striny variable; it is the entire %th

string or element if C$ is a string array variable,

c$(1,7) is the 5th throvrsh 10th character if C$ is a simple
string variable; it is the 10th character to the
end of the string of the 5th string if C$ is a string

array variable,

If a substring extends beyond the 1egicai length of a string variable, it is
filled out to the specified size with blanks,

Examples
12 i ASM013])
23 &£5="RELCDEFCHEIJ"
32 PRILT “STRI.LG 432755
4% PRIAT "SULSTRILNG £S$S(3)="3r505])
£2 FRIST “SUS3TRING n3(233)="3nlless ]
§% FRIGT "SUESTEIGE rn3(Z2,2)="3a3015,30]
73 PRINT m3lS,1 037 -WULL STRZNGY

>l

STRING AS3=A-CDZrCHIJ
SUSSTRING #5(3)-EFGHId
SUDSTRING &3(235)=BCOEF
SULBSTRING /5(2,5)=5CL0
zJULL STRI WG

In the example above, note the difference between A$(2;5) and A$(2,5).

In the example below, each array element is a two charactervsyring.

19 DIN 33012,2] |
28 REM..5S IS i STRIXG ARRAY
33 iinT REZaD B3

n‘:[;" "25" ";:S","G7","H8","13",“JL’“

43 DiTa "i 17, "S2","C3%,"IL", "
&g PRINT "RARAY TLERE.T T5(5)="353051
€2 PR14T "REEAY ZLIFEIT FI(2,2)3"3iolE,2]
70 BRINT "rEZAY ELTRELT 23(2,1310="30802,131)
S _
LRILY DLTIENT BI(S)Z D
CRUAY LN IUT fig,E)cE
PLnAY LUSELT SRS, 1310



STRING EXPRESSIONS

. String expressions consist of one or more source strings (literal strings, string variables,
string valued functions) combined from left to right - with the concatenate operator (+)
to form a single new string value. String expressions can be assigned to string variables

or compared with other string exrressions to form a numeric expression,

Form

The form is a list of source strings separated by “+”
string

“striny + string,,.

—.—w .

Each source string can be either a literal string, a string variable, or a

string function,

Explanation

A source string is any entity from which a string value is e*ctrqcted The value of the
source string is as defined under “String Literals”, “String Vanables and *String

Functions", An example of a literal string 1is "BASIC“ or '10; of a string
variable is A$, C5$(2), B$(2, 3), B$(2 2), or A1$(5,3,10); of a string
. function ie CHRE(208), ’

The “+” character, when used between two source strings, is the concatenate operator.
The concatenation of {wo strings produces a temporary string whose characters are those
of the first string immediately followed by those of the second. This temporary string can
be used in further concatenation operations, in string comparisons, or it can be assigned
to a string variable. '

The maximum length of any temporary string is 255 characters. The origihal operands
arc unaffecied by concatenation.

Legal string expressions:
A$ + B$(2) + *93 + *10'23"ABCD" + C5$(%4,3;5)
“BASIC" + C5$(2)

"BASIC"
c5$(2)
Examples
12 DIt #3153,56511.,12)
€0 LET /1 33"C00"  E3lE)="CnTSknTiou"
‘ 35 PRINT AS4D30L,)s 71+ 2"

COLCAHTEZLRTE

;>-'7



STRING ASSIGNMENT

The assignment operator (=) can be used to assign a string value (defined by a string
expression) to one or more string variables (or substrings of string variables). ‘Several
different assignments can appear in one LET statement.

Form

Some forms of LET are
LET variable = expression

LET variable = variable = ... =variable=exprecsion

LET variable = expression, variable = variable = expression, ...

The word LET is entirely optional and can be left off. The variable is an entire string
variable (simple or subscripted) or part of a string varidable (indicated by a substring
designator) into which a string value is to be copied. If several variables are separated
by equals (=) each is assigned a copy of the value. Numeric assignments as described in
Section II' can be mixed with string assignments in the same LET statement.

Explanation

The execution of a LET statement proceeds as follows. The subseripts of variables to be
assigned values are evaluated 4vom teft 1o rignt. The expression is then evaluated and
assigned to the variables, The same expression is assigned to each variable from left

to risht, The mmanner in which each assignment occurs depends upon the number of substring

subscripts specified for the destination variable, ~

If there is no substring designator, the entire variable is replaced by the string value. If
the new value will fit entirely into the variable, the logical length of the variable is set

to the length of the new value. If the variable is too small, the value is truncated on
the right and the logical langth of the siring is made equal to the physical length,

If there is one substring subscript, this specifies the starting position for the assignment.
The entire string value is copied into the variable starting with the indicated position and
continuing o the physical end of the variable or the end of the string value, whichever
comes first. The part of tnic variabie preceaing the subscripi is unchanged. The starting
subscript must be no more than one greater than the current logical length of the variable -
(i.e., there can be no undefined character positions in the middle of a string variable). If
/'(‘he variable is too small, the value is truncated on the right.

S50



If two ‘substring subscripts are specified, they define a field within the variable into which
_the st.rmg valueds stored. If necessary, the value will be truncated on the right or padded
out with blanks to fit exactly in the substring specified. The substring for the destinatio
must.not extend beyvond the physical length of the string variable and all previousl e
mentioned rules must be foilowed also. The new logical length of the variable is the I};rger

of the old logical len.gth or the Jast position of the substring. Any characters from the old
value to the left or right of the substring are unchanged.

Examvles

—
(+
-
™
Y o

5 PRINT AS o
LET A3031="A3CoEF”
3 PRINT wd
§7 LET £3(7531="1234"7
78 PRINT &3
83 A506,81="X"
9d4 PRINT A
100 A%=ASI1,41+"5673SC7
{1¢ PRIAT &%
sRUR
1234567352
123 4nBCDEF
1234AE123F
12345 37
1234567292

oS VN -
Gt T B

Note thzt the 1literal "1234" in line 60 is truncated to £it in substring A$(7;3).

In line 80, substring A$(6,8) is blank filled since "X" is only one character. The
final value of A$ is the same as it_s original value assigned in line 20,

The example below illustrates variations on assignments to subsirings of array elements;

10 DIN A%I(3,5] .

22 A%(1)1=A3[Z1=a%[3)="sbC0E"

30 LET n3(1,31=43121])

42 PRIGT AS[1),aS123,65(031

52 LET ASI2,4,51=4313)

S PRIIT A3[11,A50214n5103])

72 LET a3l3,2:2 1=n35le)zasll, 1,11

8¢ PHIUT aSl11,n3(21,43(3]
>= 0
Ashel A3CD= ASC D
r.\’.hfr l‘\FCl L I‘LCD:.
rohcC M ha oo



STRING RELATED FUNCTIONS

There are a number of predefined functions in BASIC/3000 that accept string values as
parameters a.nd/or return a string value as their result, (User-defined string functions

. . are described in Section VI,)

. CHR$(irtezer expression)

vwhere interer expression results in a value in the range 0 to 255 inclusive,
The value of CHR$ is the string character that corresponds to the value of
the expression in the standard character set (see Appendix A),

For example,

_l'.? rEl0T CHES(S3)

>ZUN

~

NUM(string expression)
NUM returns the numeric value of the first character of the string expression

cccording to the standard character code in Appendix A, For example, -

. }'3 PRIGT suUbcev sy
> U
65

LEN (string expression)

LEN returns the logical length of the string expression, For example,

1¢

21V A3(22)
29 AS="ARCD™
33 PRINT LEZNGD)
>RUN
4

POS (stringA, stringB)

where stringA and stringB are any string expressions; POS returns the smallest integer
that represents the starting position of a substring in strinsA that exactly

equals stringB, If strinsB is not a substring of siringhA, then POS equals zero,

For exanple,



WRD4(stringA,stringB)

where stringA and stringB are any string expressions. WRD returns the smallest integer

that represents the starting position of a substring in strincA that exactly

!

equals the value of strineB and is neither immediately preceded nor immediately

followed by a letter If the
. re is no such substring, WRD e
For example, . ’ s mewe.

foldd

PRluT wHO("STRLING A3 Zalnls X$","ZuUnLs™)
PRIGT WAalD("1Z2aZC34","~2C™)

UP3S(string expressicr)
UPSS returns a string value equivalent to string with all lower case letters upshifted.
UPS$(“abed%12”) is “ABCD%12”.

DEB3(string expreSsion)

DEB$ returns a string equal to the specified string expression, but with all

leading and trailing blanks removed, Embedded blanks remain, For example,

10 PRIN1 DEBS(T A E ")
>RUI
AE

ROW(string array)

where string array is any string array name without subscripts. ROW returns the
number of elements in the array since a string array is always one-dimensional,

For example,

19 DIt 55015,5)
23 PRIGT ROW(ZS)
30 RIDIN BAL12)
43 PRIT BCUH(BS)

SBU

15

10

COL(string array)

where string array is any string array name. COL returns the number of columns in the
array. Since string arrays are always one-dimensional, COL always returns a value of 1
for string arrays. For exanple,

39
"..

I 2315, 9)
B1ST COL (2 3)

C Ly

v

1
2
e
l




DATS$(x,y)

-

where x and y are integer numerié expressions which specify the first and last character
. - positions, respectively, of a substring within a full string which defines the current date
' and time. The full da_t/a/ time string is structured as follows:

Char 1-3: Day of the week (SUN, MON, TUE, WED, THU, FRI, SAT)
4-5: Comma and blank
6-8: Month of the year (JAN, FEB, MAR, APR, MAY, JUN, JUL,
AUG, SEP, OCT, NOV, DEC)
8: Blank
'10-11: Day of the month (1 to 31)
12-13: Comma ar:d Blank
.7 14-17:  Year
1819: Comma and Blank
20-21: Hour (1 to 12)
22: Colon
‘ 23-24: Minute (0 to 59)
25: Blank
2627 AMor PM

For example, to print the entire date/time string:

13 PRINT DATHC1,2T)
>k Ui
TUE, F=b 6, 1573,

S22 Al
To print only the date:

12 PRINT DaT3(5,17)
SUN

9
e

>
Fez 8, 1573
To »int orlv the tine:

12 PRINT BnT3(20,2T)
> UN -

d:21 il



COMPARING STRINGS

String expressions can be compared with relational operators to produce a result of true
(numeric 1) if the relation holds or false (numeric 0) if the relation does not hold. The

. relational operators are:
= Equal
<> Not equal
< Less Than
> Greater Than
<= "Less Than or Equal
>= Greater Than or Equal
Two strings are equal only if they have the same logical length and each character
matches. A string is less than another if its first character that does not match the other

is numerically less (according to the standard character code in Appendix A) or it is an
initia]l proper subset of the other (e.g., “AB” < “ABC” but "BA" > "ABC")

2 ead

A string comparison, thhm a numeric expression, since the result is a number. The string
relational operators have the same position in the hierarchy of operators as do the
numeric relations. For example, these are string comparisons;?

A$=B$
A3%=B$ OR C$>=D§$:
" (A$<>“BOB” ) + 5
See Section II for the meaning and hierarchy of relational operators, .

A common use of string comparisons is in IF statements.

Examples

13 DIM w3012),03012) )
23 READ 48,53
33 IF AS<ES THZN PRILT nd3"<"3cd
43 ZLS= DO
] IF R3=23 THZI PRIIT ASy"="3d
! IL3Z PRIGT A33">"3C 8
73 DOZND
35 GCTO0 2¢
SO DAaTa MacC”,"ez2CR","n C","E"
132 DiaTa "eLC"y"nll,"C", "

>

‘ RAC<ALCD

A-C<h

£.35CzAZC

C>

CUT Cr 0aTh 1w L1GZ E20

/5



READING STRINGS

The READ,DATA, and RESTORE statements can be used with string variables that
are simple or subscripted, with or without substrings, The string variable is
‘ . listed in the READ statement and a corresponding string constant must appear

in the DATA statement, A RESTORE statement can be used if the DATA statement is

to be read again by a subsequent READ statement, For a full description of
READ/DATA/RESTORE statements, see Section II.

String variables can be mixed with numeric variables in READ, but the corresponding

constant for each variable must match -- string constant for string variable and number for
numeric variable, The string censtant is assiegned to the variable according to the
rules defined in String Assignment, this section,

Strings can also be read from files as described in Section VIII, and string
arrays can be read with MAT READ as described in Section III,

Examples
12 DIt A%l2g1,B3(22
23 DAaTa “"BCE™, '15"JONZS”
33 RZAD a311,3)
42 ReiaD a3l438]
. 45 RED o>z EUS" "137J0 8"

52 LET B%="hi"
60 PRINT B33,A3

>RUN

H1 B0O3

JC.Z5

¥When the PRINT statement is executed, the character for line feed ('10) is not

printed but causes a line feed,

$-16



INPUTTING STRINGS

The INPUT statement can be used to assign string constants to string varxables from the

terminal.’ -

The rules for entering strings {from the terminal are

1. The apostrophe form of a string 1iteral (e.g.,

*40) is not allowed,

2. All strings must have quote marks around them except the last one entered on

each linc.

3. If the last string on a line does not begin with a quote, it starts with the first non-
blank character (i.e., it can have no leading bianks) and ends with the last non-
blank character before the carriage return (i.e., it can have no trailing blanks).

The rules used to assign the value to the variable are those described under “String

Assignment.”
" Examples
2 DIM #3l181,Li3lz,5]
23 1.PUT ~%,25101),z2310
32 FRIAT ~3,35011,2510
>F
THEZ WilUz CF Z3:=","
THZ VaLUZ CF b 3=

Note that the last value input is not quoted.

c, = " D e - S - e
PACR: 9 SCRY ,“l./-ru,v

1234

input, in which case quotes are not required,

ENTERING STRINGS

2IX5

Usually only one

string per line is

The ENTER statement allows one string variable to be assigned a value from the terminal
with control over the input operation. See Section IT for how this control is exercised.

All characters typed in (including quotes) are assigned to the variable using the rules

defined under - String Assignment.

ENTER does not prompt for input ,

line feed after the user's carriage return,

Examples

1T Dils &31321,83501L8)

22 PRIUT "YQU HaVE 39
30 ZuTzh 37,T,A%
43 FRIGT '"1o,T,43
¢ PRILT "YCU HAVEZ
65 oIk 125,X,E£5
76 PRLGT "1E,X 453
>Lidd
\ U KAVE 30 SECCLCS 1
2T & = "VelLUZ COF .37
lb 1z LT =%
‘.‘C'J HaVZ 15 SECCLC5 TO
S0 BEORFE QU
]' . fl.S—LEi

SECO.DS TO =ZiTzZR 33 ChHaRtnC
S=CouoS TO ZZiTza 1<

ZLTER &8 ChALaCTTZHS

y olzlad

v ‘v.".:..u: C[ :“ [ e 1254
22120 1a CHurnCTZRE

o Chn®usCTZRS

and does not provide a

T=Z=s

o



A common use of ENTER 1s for testing:

S-1¢

L] . a0 - -

lu D.Lll nb[\::'],:f:-[lu

N Sy i e o mpiter rrmme o iemseaes o e
&0 PXLIT “WEC VoS THRI FIRST raZoilZT OF THZ ULSW2"

‘ $3 a2 30010
J oLl an uu’l’n.b
- R Y L AT IR L T - - '
43 IF A3="G=CALE WhoH1NCTCL" TRKTZL GOTO 34
-3 el B b N s - LR 1}
2 FRLIAT 1M CrnaY 1=Y rplslli
SRR S S
3} :‘.-T:.:. C..:’K,;‘.J
- - - -~ W e an ~ye . . f S, .
75 1r £ 3<>™0ZCHCE WASHILLTOL" ThZW ZCTCZ 142
. - . . LA ey e ~ee -y~ . . .. e -
3.3 l"?.lnl 1-.) Cu.’\;‘._‘.: ,\‘. C\.Jl Tju{\ '; l; :.:.C :n:b TJ Foes v‘..'_.."‘"
A e A
$2 FRE1 LT "WHAT WeT RIS WirIZ'3I GRNITY
122 ZTUT=IR 12,K,E3 '
ST AT W - - -4
ll: Lt PR S A l:_'n.”. lasw :Cl: 3:

. - .- - . " - - UL L P T - ~ - st e
122 PRIGT "1ZUCCRRZCT,YCU TCCa™yii3mSZCCDS TL niSwIR"
132 zZ2

-~ == - ) -1 e ~— - - Ll a s Vo pes - - P I e T - -
142 PRLET "1&"SCAEN ,THI COrazZlT ~'a3WZn 13 GZCTRCI Woshniladioas”
150 =03 ~ .
D¢ Lo

, e e g atre A s e mp e : -

1353 PRINT ‘"l1Z"SCRRY,THT COAAZCT ans Wz iz 1R
>Z
s e e mmm o m = . -
PSSO I, IR FIRST PRISIZZNT Cr To2 U.sot
GEJRGZ e SILCTCL
SCLEY HIRY rawln
E2CZRGZ JASKIGGTICH

e = - = e e
CIZRZTCT,L,YOU TIOK 7445 SZC3.05 T muoaeln
e R N I B )
vl WwWAaD LD cd b L D wnval

P
'..’-.—.l}u"l

b= I 4 O S byl : A ST =
CIRRZCT,YCU TO0X 3.55 SZCC..28 TO ANcWax




Another method of inputting strings, in addition to INPUT and ENTER, is with the
LINFUT stotemnenty, ’
LINPUT STATEMENT

€ < S1 t

Form
| LINPUT strine variable

where the siring variable is the destination of the input, The variable may bve

simple or subscripted, or it may be a substring,

Explanation

- A1l characters are accepted including quotes and blanks, Input is terminated
by a carriage return, No prompt character is printed. :

Examples

12 DIl A3122)
2% PRILT "T:PZ 22 CHARRCIEZL3"™
' 2 LI PUT .3
£2 FRILT "TYPZ 5 CERDACTZRZ™
£2 L1ITWPUT ~3iliss)
T ornial eoilesi]
TNFl 22 CEARRCTIIRS:
"l..;\:' ;?.-:.-.CT:‘.T‘ 3" Celt e
"iaY Chane STLAET CWK
T\..A"': p ;:";r"r:l-".:m::

]
- -
- -
~ b ]
4 &
- -
- -

LIS
L)

(the size of A$)
Because more than 20 charactcrsAwere input by the user, the final period in

the first input line is truncated, In the second input, quotes are entered

as part of the string,
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PRINTING STRINGS

Any string expression can be output to the list device (e.g. the terminal)
using the PRINT statement, The size of the output field is the number of

printing characters in the string value,. If the string expression is preceded
by é comma, it is printed starting in the next division, Each print line is
divided into 5 divisions, fourlwith a width of 15 characters, one with a widtﬁ
of 12 (see Print Statement, Section II), If the string expression is preceded
by a semicolon, it is printed immediately folloﬁing the precéding output, The
semicolon between items in the print 1ist need not appear if the first item ends
with a quoted string, and/or the second item begins with one; in this case

a8 semicolon is insexrted automatically,

Strings can be output to the terminal with special formats through the PRINT
USING statement (see Section IX), Strings can be output to files as described

in Section VIII,
Examples

12 DINM C$I[121,395513,5]1 .
23 LET C%="XKS-753~ &Z",A‘:.ﬁ Bz 2EZ-195,u5501 1="A3CDE"
32 PRI:T n,D,uD
42 PRIuT "DOE"+CS, #5301 1]
50 PRINT Cb+"E0°",J55[l]
§3 PRINT "12'34"LI1: ;"04
>SRUN
2.5 o0
BOLXKS - 7£3-23 A5CDE
XKS=~T723-22L0SABCDE

[

(]

=-19 XKS=T725-22

&3] N
C\)

"LIiE"
-1

In the first expression in line 60, the '10 (line feed) causes a line feed, the
*13 (carriage return) causes a carriage return when the line is printed., The
'3% (quote) causes a quote to be printéd. The actual quote (") before and after

the string LINE in the PRINT statement is not printed,

N
\
Xy
>




STRING MATRIX OPERATIONS

/
The String MAT Initialization Statement sets every element of a string array to the null

string. In addition, a new dimension -can be specified for the array, as in REDIM.
. . The form for string array initialization is

MAT strinz array = NUL$
MAT string array = NUL${integer expression)

Each element of the string array is set to the null string, If the optional integer
expression is specified, the number of elements in the array is changed to number of

elements specified by the expression, The element size 1is not changed,

The String MAT Copy ,S/tatement copies all of the elements of onc string array into
another. String elements are truncated if necessary. The form for string array copying is

MAT string arrayA = string arrayB

. This causes string arrayBto be copied into string arrayA. String arrayAis redimensioned to
the size of string array_B.

String arrays can be read, input,and printed with the MAT READ, MAT INPUT, and

MAT PRINT statements as described for numeric arrays in Section III,

. String arrays can alsc te printad cccouding to & specified forma.t with the

MAT PRINT USING statement, see Section IX.
Examples

1¢ DIt A%112,51,B%023,5]
20 4T sz JULS
32 NAl VE$:A$

Each element in string array A$ is set to the null value, then the first ten

elements of string array B} are set to null values, B¢ is redimensioned to

the size of A$.

In the example below, B$ is redimensioned and ‘each element is set to the null value:

RN

LLu o)

r~
A O
- ")
-\

57



CONVERT STATEMENT

The CONVERT Statement is used to convert a numeric value to a string of characters that

) . represent the number, or vice versa. In the {irst case, the conversion is identical to that
used when listing. The destination string variable should be long enough to contain the

result, as in “String Assignment”. If not, the result is truncated. In the second case, the

string expression must represent a valid numeric constant. An error in this case terminateé
the program, unless a label is specified in the CONVERT, in which case, control transfers

to that label.

Form

CONVERT numeric expression TO string variable

CONVERT striﬁg expression TO numeric variable [, label]
Explanation :

~ The string variable must be long enough to contain the converted nureric
expression; if not, the converted expression is truncated, If the string
expression in the second form does not - represent a valid numeric constant,
control transfers to the optional statement label. If the label is omitted

and the string expression is not convertible, the program terminates,

12-£=12,E=15

22 DIM A1S15)

32 CONVERT &+8 T0 AlS
42 PRINT RIS ‘

59 CG.VERT Al® TO X,14¢<

62 PRIIT X .

12 ZnD ) e
122 PRIWNT ":ZRROR IN COJVERSIOH FRON STRING
>RUN .o ,
z25
25

Since Al$ contains the converted numeric constant, 25, there is no error in
line 50, If A1$ contained a value that could not be convexrted, the message in

line 100 would be printed, For instance, if line 50 is changed as follows:
>;';3 CCOLVIRT "s1™ TO %,123

SRROR 1% COWVZIRSICN FROM STRI .

5- 22



USER-DEFINED FUNCTIONS -~ SECTION VI

A user-defined function is one that is defined within the user program and is called within that
program in the same way that a built-in function is called. The name of a function that returns
a numeric value consists of three letters, the first two of which are “FN” (e.g., FNA, FNB, etc.).
String-valued functions have the same set of names available with the addition of a dollar sign
($) at the end (e.g., FNAS, FNBS, ...). Thus, up to 26 numeric-valued functions and 26 string-
valued functions are allowed in any one program,

A function is called within an expression by referring to its name and a list of parameter values
enclosed in parentheses. The value returned by the function takvs its place in the expression.

‘There are two levels of complexity in the definition of a BASIC/3000 function. At the simple

level, a one-line function simply relates a function name and list of parameters to an

expression which-uses-the parameters to calculate the result value. The multiline function is

a more complex entity; it can consist of many statements and local variable declarations. It
a_Aimally returns its result value with a RETURN statement.

;
i

For a discussion of RASIC/3000 buili-in functions, =ee Functions in Section II,

A complete 1list of the built-in functions available to the BASIC/3000 user
is contained in Appendix E. : '

o= |



ONE-LINE FUNCTION

f& one-lin.e function is defined completely in one line, using the function DEF statement:
its result is calculated by an expression. ’

Form
The forms of one-line function definitions are:

DEF {gpction-name(formal paraneter list)=numeric expression

DEF tyve function-name (formal parameter list)=numeric expression

DEF string-function-name(formal parameter list_)=strinp; expression

where function-name has the form FNletter, and strins-function-name has the form

FNletter$, The function is referenced by this name,

If included, type specifies the data type of the result: INTEGER, REAL, LONG, or
COMPLEX, If omitted, the data type is assumed to be real. The type specification

. 1s not allowed in the third form that returns a string result,
Tpe formal paramete_r list includes

© Real parameters (i.e,, untyped variables)
© Typed parameiers (i,e., a type indicator followed by 2 variable name)

® String parameters (i,e., string variables)

Array parameters are indicated by a (*) or (*,*) following the variable
name to indicate the number of dimensions, String parameters are indicated
by an optional (*) following the name of a simple string variable, or by a

required (*,*) following an array string variable name, ﬁ
. —— e -~ T ——— o e et

The expression can be any legal numeric or string expression, and can make

use of both parameters and other vprogram variables,

' Parameters in the parameter list are separated by com:na\s. \

—



Explanation

The parameters in a function definition are formal parameters; when the function
. is called, they are replaced by the actual parameters which are passed to the

function, All variables used as formal parameters are local to the functionj

ihat is, they are unrelated to any program variables having the same name, The

formal and actual parameters are matched according to their position in the list,

The DEF statement is not executable; the function it defines can be entered only

by referring to the function name within an expression,

All parameters are assumed to be real unless the name contains a $ or is preceded
by a type indicator or by another parameter that is typed. Untyped parameters

that follow a string parameter are treated as real,

Examples

. 1% DEF FHACA,B)=(A*B)+ CYED)

The function FNA is type real, The formal parameters A and B are also type

real, When called, the actual parameters will give values to A and B, the
expression ((A*B)+(A/B)) will be evaluated, and the result will replace the function
name where it appears in an expression, '

55 DIF FuhB(A$,B3)zAS+E S+ STLP”

The function FNA$ is a string function, The foral parameters A$ and B$

are string variables that will be assigned values according to the matching
actual parameters in the function call, When called, the literal string
resulting from the concatenation of the values of A$,B$ and “STOP" will replace

the function name in the expression where it appears,
2 2ZF SUn (I TICZE L n2) e ket (A/YE)

‘ The function FNB is a numeric function that results in a real value when called,
The computations will be performed in integer arithmetic because both A and X2

are integers,

63



MULTILINE FUNCTION
A multiline function is written as several contigzuous statements beginning with a DEF

. statement and ending with a FNEND statement. Execution of the function ends when a function
RETURN statement is encountered; this sends the result value back to the place of call.

Form

A multiline function definition has three parts; the function head, the function body and
the function end.

The function head appears as

DEF function-name(formal parameter list) .

DEF type function-name(formal parareter list)

DEF string-function-narpe(formal parameter list)

The first two forms return numeric values, the third returns a string value,

All parts of these function definitions are the same as described for one-line

functions,

The function body consists of a sequence of statements, including at least one
@  rfunction RETURN statement,

RETURN numeric exvression

RETURN strinz expression

The expression is mumeric or string depending on whether the function is numeric
or string, For numeric functions, the RETURN expression is converted to the
type of the function,

The function end consists of a one-word statement:

FNEND

This statement must always be the last statement in the function definition,

/-4



Explanation

The body of a function can contain any BASIC/3000 statements with the following

restrictions: DM
1M
/

. e Local variables except formal parameters must be declared (even if they are type
" real) using the type or dimenston statements; they can duplicate the name of
otker variables because they are known only within this function and are created

dynamically each tiine the function is called.

allowed, inclnding calls to the same function.

A function definition cannot appear within a function body, but function calls are

The function body must be seli~contsined; FOR loops and DO-blocks must be com-
pleted within the body and branches must not occur into or out of the body.

The formal parameters in a multiline function head are specified in the same way

" as those in the one-line function definition,

. Examples

In the following multiline function, there are no local variables, It returns a

long value,

133 DEF LGS FUKCA,B,1KTEGZR X,Y ,LOHS [iyd,r)

123 fzh%xx=Y
132 H=B%kxY
1439 Pzix N
152 RZTURW P
162 FlEID

A

The following multiline function definition returns an integer value;

213 DIF IUTEGIR FiiCelx),1.1235h )
222 RENLLAGH) IS5 A REInL ARAAY.(F 4
230 PEsL I,J '
243 J=1

253 FCR 1z2 TC 1

28J IF nlI)>i0J1 THEYW J:=:

275 MIXT I

282 RITUxd J

©
[«
L

The use of the varjables I and J are local to the function
‘ to define local variables within the Tunction definiticon

[.
b )

'y

It is gOOd practice



The following multiline function returns a string valve; its formal parameter

is a stfing variable:

12 D25 FURSGS)

2e Paillesr w23 RZTUZS THE REVEZRSET OF AS
332 I/ LZ0AS)<=1 TEZHN RZTURD A3

42 RTZTURL FURSGEIED+..811,1)

£ M i

Y ru:..l'j

The functlions defined in these three examples. and the one-line function
definitions in the previous set of examples will be called in the examples

undexr Calling A User-Defined Function,

£-6



CALLING A USER-DEFINED FUNCTION

A user-defined function is called by referring within an expression to the
function name followed by a list of actual parameters in parentheses, The
function call is replaced by the value returned by the functlon,

Form .
A function call has the form:

function-nane(actual varameter list)

strigg-functiop-nane(actual"rarameter 1ist)

The first form is a numeric function; a real type result is returned unless

the name in the function definition is preceded by a type specification: INTEGER,
- LONG, or COMPLEX, The second form is a string function and a string result is
returned,

The actual parameter list contains one or more actual parameters separated by

commas, An actual parameter may be:

o numeric expression .

o numeric array name followed by (*) or (*,*)

o string expression

o string variable name optionally followed by (*)
o string array name followed by (*,*)

Explanation

Actual paranmeters may be used to pass single values or entire arrays toE%eggnction,
usually to be used within the function although this is not required, /if parameter
values are not needed in the execution of the function, at least one "dummy"
parameter must be included in the formal parameter list of the function definition

and in the actual parameter list of the function call,

The number of actual parameters in the function call must be the same as the number
of formal parameters in the function definition, The names of corresponding para=-
meters need not be the same, Actual and formal parameters corresponi according

to thelr positions in the two lists, For instance, the third actuval parameter in
a function call corresponds to the third formal parameter in the DEF statement,

7



If the formal parameter is a simple numeric variable (e,g., V) then the actual
parameter can be a numeric expression resulting in a single value, or a simple or sub-
seripted numeric variable (e.g.,, 2*V,V,5%7, V(5)), If the variables are different

types. or the actual paraﬁeter is an expression, any necessary conversion is

performed as described in Sectlon IV, Numeric Assignment,

If the formal parameter is a simple string variable (e.g., V$ or V3(*)) the
corresponding actual rarameter must be elther a string expression or a simple string

va.;r:iable (e.g.’ ".ABCN, uxu’ V$, V$(*), "A"“’"B").

If the formal parameter is a numeric array (e.g., A(*) or A(*,*)) then the
actual parameter must also be a numeric array Ot the same type and with the same

dimensions, No conversion is performed in this case,

If the formal parameter is a string array (e.g., A$(*,*)) then the corresponding

actual parameter aiso aust be a string array,

Examples

To call the one~line functions
12 "32F FUACA,B) = (L*R)4 (A /D)
the actuval parameters are numeric variables of the same types

1.55
)

The actual parameters might also be numeric expressions:

e S y 2
::.u r..l-\T rnvlé\(d 057’ 7095)
>3 Un

PEAS T
‘—-UQD\:U'I

)
(-7
() ’,



To call the string function:

-~ e . " - -

;1‘.‘: D:—-‘: l::lh :(ni’: :;):lli;+;o+ Dlur:"

The actual parameters can be stiring variables:
S3Z XI=zUCU,Yy et
S48 PRINT FlAS(XI,YD)
sadd
SSICE

or string expressions:

532 PRIAT rFuiad(ma™,"1")

To call the function FNB returning an integer value:
33 DEF FAB(IOTZIZR e yX@)zexpe+ (n/XL)

the actual parameters can be variables:

5€3 L=ZT X=3€2.22,Y=5%7C
512 PRINT Fi3(X,Y)
>sRUJ . '
-2682172
or integer expressiots:
283 PRINT Fit(2532,27)
>z Ui

2358

Each of the above examples is a one~line function for which a single value is
returned, The formal parameters. are not affected by executlon of the function.
In a multlline function, the formal parameters may be altered in the body of
the function, Depending on the type of actual parameter passed to the function,
the value of the actual parameter may also be affected by the change to the

formal parameter,

69



In the multiline function below, the values of the ¢ ~.3. -arameters are not

changed by execution of the functions

212 2ZF INTZCZEIn FLVCAL«),I0TZGZR 0D

223 T eeh(x) I3 & RIAL ARTY,r N ZIETTUN LS LLTIX OF L-nUI3T =SLIiEnd
32 2ZeL 1,d

42 Jd=z1

2272 rC% Iz2 T3 .

AN i 201)=>a302) T=Z0 o=l

N LJIXT L

233 AZTURL

292 F 22

To call this function, the actual parameters may be an entire numeric array and

a nuneric variable:

5388 DIM XI[5)
535 LET &=5

312 RZAD (FCR

Nzl

328 DaTA 2732.1,7

T
$5

2,XIRY)

0

32, 7S25,1,8545.89,195.72
)

332 FRINT Fam(X(x),Q
>RUN
3

or an entire numeric array and a numeric expression:

233 DI X[3)

312 RE-D (FOR .zl ¢ 5,X04))

322 9.Ta 2752.1,755.32, 792501, 6543 .89, 155 .72
333 PRINT Fi(X[x1,5)

SR,

3

The mﬁltiline function below returns a string value that is the reverse of the

string value input as the actual parameter:

1% DIF FuR3GS)

23 REIN..FIR3 RITUR i3 TKI KEIVEREZ CF 43

32 IF LT(A$)<z] THIL RITUS. .3 |
r

42 RITUR G FuR3IGASIED+.301,1)
22 FNZUD

610




To call this function, the actual parameter may be a string literal:

. ' 73 FRIaT Fuzs( .ilI”
>=Ud
£DCT4

The actual parameter may also be a string ;1teml-:

3C 210 X3[2)
T2 X5="12345"
82 FRLAT "F.25 AITURLS: "57IR3(XS)
Su AILT X3 STiLL ZuU=LS: "3Xx3
- R UN
TRR5 EZTUR Se 543721
X$ STILL =Z.4.LS: 12342

In.this case also, the actual parameter is not affected by execution of the function,

- I

S~



Passing Parameters by Reference Or By Value

When the value of a formal parameter may change during execution of the function,
1%
. the value of the actual parameter is affected only if it,\passed by reference, If

the actual parameter is passed by value, then it will not be affected even if the

value of the formal parameter is changed,

Parameters are passed by reference_when the actuval parameter 1s:
- ean entire array, string or numeric
o2 simplé or subscripted numeric variable matching the formal parameter
‘in type

e a simple or subscripted string varlable without substring designators

In each of the above cases, a change to the formal parameter walue during execution

of the function also affects the value of the actual parameter.

Parameters are passed by value when the actual parameter is:

‘ e any expression except: . a simple or subscripted numeric variable of
matching type or a simple or subscripted string variable with no sub-
string designators

¢ 2 simple or subscripted numeric variable that differs in type from
the corresponding formal parameter

e a simple or subscripted string variable with substring designators

Regardless of whether the formal parameter value is changed, these actual parameters

will not be affected.




Exannles
In the fﬁnction definition FNX, three formal pdrameters are affected by execution
of the function; they are the long variables M, N, and P:

4“1 [a Pk e [l » - e — , B . .
l: / u...l‘"_ LCLC § WK CA y ,I GITuIa X,\f ,LC.'-G iy ~,.")
124 VISR ek Y
152 AL kXY
142 Pz %
123 RZITUZL P i
183 FiiZ.D

“In the function call, line 520 below, the actual parameters correspondiing to
M, N, and P are all passed by value, The actual parameters correspondines to

X and Y are also passed by value because they are variables of a different type,
' The actual variables Al and Bl are passed by reference being variables métching

the formal parameters in type, but these varlables are not changed because their

corresponding formal parameters are not altered during execution,

532 LIT X1=3,Y1:=2
212 LZT A1=8,01=3
523 PRINT FUXC(A15E1,X1,Y1,23,2,9)

The result is a long number because of the type declaration in the DEF statement

for FNX, If the type statement were omitted, the result would be converted to a

real number to conform to the type of the function,



In the following call, the variables M1, N1, and P1, used as actual parametérs,
are the same type as the values of the formal parameters M, N, and P, These

| ‘ actual parameters are, for this reason, passed by reference and their values will
be set to the values of M, N, and P respectively following execution of the function

calli

530 L3 U, ll,Pl

513 A1=28,01=3

cEZ X1=3,Y1=C

234 FRLIUT "VSLUZ CF FUX="3FUXC(h1,31,X1,Y1,01, [1,51)
240 rRLIT MLl " Il

520 PRILT "F1="5F1

> J N

JALUE OF 10Xz 1.423525225352L-31

Mil=z 1.5€8222235322L-¢22 Rlz Se0ldlZZl2L0lL+8d
Fl=z 1.4282522222L-21

’ Note that M1, N1, and Fi do not have values prior to thelr use as actual paranetess

in the function call.



The table below summarizes the relatlons between actual and formal parameters:

Actual Parametexr Formal Parameter Attribute
v, A(e), A(e,e) v reference
v, A(e), A(e,e) Vg ' value
e1 v value
A(*) A(*) _ , reference
A(*,*) A(*,*) reference
v$, V$(*), A$(e) | v$ or v$(*) reference
v$(e), vé(e,e), V(ese) v$ or vE(*) value
A$(e,e), AS(e,e,e), A$(e,e5e) V$ or VE(*) value
e$1 V$ or V$(*) value
A$(*,%) ' A$(*,*) reference

V= simple numeric variable name
Vs=simp1é numeric variable name, same type
Vd=simp1e nunerlc variable name, different type

A= numeric array name

(¢}
]

-numexic expression
V$=simple string variable name
A$=string array variable name

e$=string expression

Lot including an expression consisting of V, A(e), A(e,e), V$, V$(*), or

A$(e) alone,

L-15




DEBUGGING SECTION VII

BASIC/3000 provides commands that allow a program to be debugged while it is

running, : The path of execution throﬁgh a program and the
change in value of variables can be traced, The dynamic nesting structure of.
a program can be displayed; variable values can be displayed and modified; |

tracing can be changed; and the execution sequence can be altered,

TRACE/UNTRACE COMMANDS
The TRACE command is used to turn on the tracing of selected variables ;both simple variables

and arravs, function references (with or without tracing their local variables), programs calied- with
INVOKE or CHAIN, and statements of the current program. UNTRACE turns off

tracing.
Form
The commands have these forms:
TRACE [trace elomont lict]
UNTRACE [trace element list)

The trace elements are optional and include variables (including those local to

functions), functions, labels, a range of labels(label-label), and the keywerd
PRCG, '

Variables include simple variables, string variables, string arrays, and numeric
arrays, Numeric arrays are distinguished from simple variables by a (*) or (*,*)

following the array name, Examples of variables:

A numeric variable

c$, C§(*) strine variable

ch(*,*) strinc array

A(¥) one-dimensional mmeric arrvay

A(x,*) twa~-dinensional nuzeric array

~
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Functions can be specified by the function name only or the name followed by a list
of local variables in parentheses, For examples

‘ FNA numeric function name

FNB{A$,B(*)) 1local string variable and local numeric arravs; FNB is
not traced, only the local variables,

Labels are statement labels consisting of integers in the range 1 through 9999,

Label-label stands for all statements between, and including, the statements
ideﬂtif ied by the two labels, For example:

80 the statement at label 80

100-150 all statements between 100 and 150 inclusive

PROG is a keyword to sbeci_fy that trace information be ovrinted when a CHAIN or

TNVOKE is rerfarmed,

Explanation
The BASIC/3000 Interpreter keeps track of all items specified in TRACE commands, A
range of labels traces all statements within the range. Any change to a variable's
value, any reference to a function, or any execution of a statement causes tracing
‘ information to be trinied, Any change-in the valne of an array element. excent in
MAT operations, causes that element to be printed, Tc¢ *xace o functicn, only the
function name is specified, If a 1list of local variables is included with the function
name, changes in their values are traced but not execution of the function,. If PROG
is specified in a TRACE command, information is printed whenever a prozran is accessed
through an INVOKE or CHAIN statement and also when returning to an invoking program
(see Section X, Segmentation),

TRACE with no parameters lists the itemscurrently being traced.

UNTRACE turns off tracing of the items specified, ¥hen traéing is turned off
for a function it is not turned off for any local variableé. When tracing is
turned off for varlables individually, it does not turn off tracing foxr the
function, For instance, UNTRACE FNA turns off tracing of the function but
not of its local variables if they were specifled in a TRACE command;

UNTRACE FNA(A$) turns off tracing of the local variable A$ but not of the

function FNA,

) . UNTRACE with no parameters stops all tracing specified by previous TRACE commands,

7-2




The specified_tracing occurs only when the program is executed, VWhen trace output
occurs, the following information is printed:
@ label variable = value

@ programname label variable = value

These outputs are printed as a result of a trace of a function or variable,

The programrame 1s printed if the current program has been named,

*TRACE label

*¥TRACE prorramname lakel

These outputs are printed as a result of a traée of a label or labels,

Examples
The program below includes a one-dimensional array, a simple variable, and a

function call, This program will be used for succeeding TRACE and UNTRACE examples,

186 DIM XI5
28 LET Q=5
58 READ (FOR Nzl TO 5,XIND)
40 DATA 245,75.6,36.2,15.7,120
58 PRINT FND(X[*].Q)
- 210 DEF FND(Ai%* )1 i NTEGER W)
220 REAL 1,J

239 J=1

240 FOR I=2 TO N

250 IF A(I]>A[J] THEN J=1
260 NEXT 1

272 RETURN J

288 FNEND

>TRACE @, X(*)

>RUN

@20 Q=5

@8 XI[11=2,5
@32 XI21=75.6
@38 X[31=36.2
@39 X[41=15.7
@30 X(51=120
5

The command TRAZE Q,X(*) traces the variable Q and prints its value at line 20,
This is the only value printed for Q since its value is not subsequently changed.,
Then the five values of the numeric array X(*) are printed with the line at

which ther assume these values,

The prorram cutput in this case is 5, the result raturned by the function KND,
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This trace is turned off by:

>UNTRACE
UNTRACE without a trace element list turns off all current traces,

' In the trace below of the runction FND and its local variables A(*) and N, the

* omly trace output i< for the function FND; its lccal variables ere not traced since
their valnes are unchanced bv rrocran execution,

>TRACE FND,FNDC(A (%) ,N)
>RUN

@FAND

@278 FND(FND)=5

-

A trace of statement execution is printed when a label or range of labels are

used as parameters:

>TRACE 50,200-280

>RUN
* TRACE 50
@FND
*TRACE 220
*TRACE 230
@ *TRACE 240
*TRACE 250
*TRACE 267
*TRACE 250
*TRACE 260
*TRACE 250
* TRACE 260
*TRACE 258
*+TRACE 260
*TRACE 270
6276 FND(FND)=5
5
*TRACE 219

‘ Recause of the IOR statement in line 240, lines 250 and 260 are repeated L times,
Follouins oxecution of line 270, control passes to line 50 where the valne roturncd

by the functien is printed, The prorran then .reaches line 210 and halts,

-



The command TRACE ‘with nn list prints the current trace element list,

>TniLC=
FiD(Al%x),'1),22,222-282,

Following the UNTRACEcommand, the TRACE command has nothing to list,
>UNTEACE

~r o~
>Tf‘\hv;

>

The use of TRACE PR0G is illustrated by the following segmented programs, ALPHAl
calls procram BRTAl which in turn calls GAMMAL, Because thé INVOKE command is
used, control returns to ALPHA1 (see Section X, Segmentation),

GAMMA 1

18 REM PROGRAM GAMMAI

2@ PRINT "IN GAMMAl -=- RETURN TO BETAI"
BETA] '

18 REM PROGRAM BETAI

20 INVOKE "GAMMAL"
25 PRINT “BACK IN BETAl =- RETURN TO ALPHAL"

ALPHAI '
19 REM PROGRANM ALPHAl
20 INVOKE "BETALI"

25 FRINT “BACK I3 ALPHAL -~ TERMINATE"

>TRACE PROG

>RUN

ALPHAL

% TRACE, INVOKE: BETAI

*TRACE, INVOXE: GAMMAI

IN GAMMAL == RETURN TO BETAI
#*TRACE, REVERT: BETAI

BACK IN BETAl =-- RETURN TO ALPHA!
% TRACE, REVERT: ALPHAI

BACK IN ALPHA1 =-- TERMINATE




BREAK/UNBREAK COMMANDS

The BREAK command allows the user to specify points where the execution of a program
should be interrupted (or “broken”). A brezak point is a label, range of labels, or any
point at which a transfer is made from one program to another (through CHAIN,
INVOKE, or END). UNBREAK turns off break points.

Form

The forms of the commands are:

BREAK

BREAK breakpoint list
UNBREAK

UNBREAK breakpoint list

The items in the optional breakpoint list include: label | label-label,
and PROG. They are specified in the same way as for TRAUE.

Explanation

BREAK or UNBREAK can be specified before the program is run or when it is broken,

‘ When the program is run, executlon suspends just before execution of a statement
whose label is in the breakpoint list, If PROG is specified, execution suspends
after a" ~ program is brought into the user's work area by CHAIN, INVOKE or END
but before the program is run, (see Section X),

When execution suspends as a result of a breakpoint, the statement label about
{0 be executed is printed:in the form: '

*BREAK label
¥BREAK programname label

- The programname is listed only if the program has been nameJ,.
After this output a > 1s prrinted 15 irdicate that a command can be
entered, The legal commands during a break period are listed below,

Execution is resumed with the RESUME or GO command,
BREAK with no parameters causes all the current breakpoints to be listed.

UNBREAK with no parameters deletes all current breakpoints, With parameters,
‘ UNBREAK deletes those breakpoints specified by the labels in the breakpoint list,
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Legal Commands During Break

Certain commands mav be vsed only dvring a break perlod:
ABORT

‘ CALLS
FILES
GO
RESUME
SET
- SHOW

These commands are described in this section,

0f the other commands, only these are legal during a break period:

BREAK /UNBREAK
CATALCG
CREATE
DUMP
EXIT
KEY
LENGTH

‘ : LIST
SPOOL
SYSTEM
TRACE/UNTRACE
XEQ

If the user enters any other command, BASIC/3000 respondé
ILLEGAL WHILE RUN SUSPENDED. DO YOU WANT TO ABORT?
The user enters anything starting with “Y” to abort the current program and carry out the

commandjor enters anything else not to abort the program and to ignore the comrand,

During a break peried, the user can type ABORT to *ermirate his current run and

return to BASIC command mode where all commands are legal,

The commands SCRATCH and GET (illegal during a break period) will clear all
traces and breakpoints, RUN prosramname will also clear traces and breakpoints,

. but a RUN without the prosramname parameter will not,

The CHAIN ard TNVOKR commands clear tracrs and breakpoints evonpt when PROG is nsed,

INVOXR saves traces and breakpoints and restscrves them upon return to the invokinz rrosram,
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Bvarmnle-

16 DIM A[5,12]
20 MAT READ A .
30 DATA 10,20,30,49,50,122,222,308,4390,582
A0 DATA 113,129,132,148,150,213,223,232,243,250
50 DATA 310,328,330,340,350,410,423,430,440,450
68 DATA 518,520,539,548,558, 613, 620,633,640, 653
78 DATA 719,720,733,7408,753,813,828,833, 843, 852
82 RESTORE 50
98 READ (FOR X=1 TO 3,(FOR Y=1 TO 13,A[X,Y]))
188 END

>BREAK 30,1008

>RUN |

*BREAK 30

>SHOW ACl,1),A(5,18)

All,11=10

Al5,101=850

>GO

*BREAK- 109

>SHOW ACl,1),A(5,13)

Al1,11=3183

AL5,181=850

>UNBREAK

>ABORT

During the breakpoints,.the conmand SHOW {described later in this section) causes
the values of the specified elements to be printed, After the program has vrun with
twe breakpoints 2t line 20 and 100, the brezkpoints are deleted with UNBREAK, ARORT

is used to return the user to the BASIC command mode, He may then run the program

without breakpoints,

In the example below, the same progran s named BRK! and then run with the same
breakpoints, The breakpoints are listed with BPRAY durine the second breakpnrint and
then deleted individually, 60 Ffinishns execontinn n® the program af+~r whirk 4%:e user

s voturned +c RASIC commo»? =ade and rirs the precram without treakpoints;

>NAME BRK1
>BREAK 30,100
*RUN

BRK I

*BREAK BRK! 30
*SHOW A(l,1)
All,1)z10

>G0

*BREAK BRK!1 100
>SHOW A(l,1)
All,11=310
*>BREAK

38,100,
>UNBREAK 30,100
>G0

>RUN
BRK 1
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ABORT COMMAND

The ABORT command is legal only during a bre

ak period; it terminates the suspended
. program and returns the user to a normal state where all commands are legal. P
Foxrm
ABORT
Explanation

When ABORT is specified, the break period is ended and the run terminated,

The user can now enter any command legal during normal BASIC execution, but cannot

enter the commands legal only during a break period,

Examples
>TRZLK 328,122
> UN
*¥BREAK 33
>SHOW ACE,12)
605,1331=352
>:3CET
>5 U

Only the first hreakpelnt ie effactive, Suhcequent yune of the same program will no

have any breakpoints,

RESUME OR GO COMMAND

The RESUME command ends the interactive debugging mode and resumes the
suspended program. This command is legal only during a break period,

instead of RESUME; there is no difference between them,

Form
RESUME
RESUME label
GO
GO label
Exvlanation

A RESUME by itself restarts the program at the location printed when the program break
occurred. A RESUDME with a label restarts execution at that location, unless that location
crosses into or out of a function from the current location. .

The label varameter for RESUME or GO is not allowed when the break occurs as a

result of pressing CTRL Y, RESUME or GO without a label may be used to resume susvended

operation as a result of a CTRL Y break,

/-1

GO may be used

o+



Fxamples

Usine the same praesram, a breabrnint is smecified for 1in~ 0 where the array A is
displaved, During this bresl another breakvoint is specified for line 100 and then
the susrerded procram is resumed at lire 80 (R7SINT 80), At the next breakvoint,

array A is arain disrlayed, 6?2 is typed after the final breakroint to complete
execution of the prosram:

16 DIM A[5,18]
20 MAT READ A
32 DATA 10,20,32,43,59,108,200,320,420,520
40 DATA 110,122,1302,1402,153,210,228,230,240,253
58 DATA 310,328,333,343,350,413,423,433,442,453
68 DATA 512,5206,530,5492,552,610, 620,633, 642,652
79 DATA 718,728,732, 7423,750,810,820,830,843,850
80 RESTORE 58
98 READ (FOR X=1 TO 3,(FOR Y=1 TO 12,A[(X,Y]))
180 END '

>NAME

sBREAK 38

>RUN

*BREAK 30

>SHOW ACl,1),A(3,10),A(5,10)

All,1]1=10

Al3,1081=450

Al5,101=850

>BREAK 188

>RESUME 80

FPRELAK 12

>SHOW A(l412,A(3,18),A(5,18)

Af1,11=310

Al(3,101=850

Al5,101=85D

>GO

>

Note that GO 80 could have heon vsed instead of BESUME 80, ard RESUME instead of

the final GO with no effeetive change to this evample,
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SHOW COMMAND

The SHOW command prints the values of the items specificd; this command is legal only
| ‘ during a break period.

Form

The form of SHOW is
SHOVW item list

Th.e list can include:

e variables (numeric or string)

e array elements

. . - * % _
e entire arrays (name (*) for one-dimensional array or name (*,*) for two

dimensional array)

¢ local variables (function name (variable list))

Ty~ Toraddan

. An array §r pminted Lo o lle HAT TDINT ofadopsyl (S0 Taction TTTY avesnd ghed
undefined valnar ava nnted with tho meegace UNNTRTHNED, The wariable 1ist in
maventheses that follows 2. funntien name can include only loczl variables of that
funeticn, The furction must be antive; that is, thea funrtion mast have been c2lled

andi not he cernleted,

Examples

The example b21ow specifies breakpoints for lines 70 throurh 90, Since line 80 is not
executed, breaks actuzlly occur in lines 70 and 90, SHOYW commands are used tec »rint
the contents of the variable X$ and of the local variable A$ in functicori FNR$ at the
break in line 70, At the break in line 90, an attempt is made to show the contents

of a nor-existent array and of an existires array that hos not heen given any values,

A new breakpoint at 1ine 100 *s srecified wheve the SHOW command is used to print

the previously undefined array B, GO continves evecntion of the prorram until it ends,



10 DEF FNRS(AS)

20 IF LEN(A$)<=] THEN RETURN A%

38 RETURN FNR$(ASI2))+ASI(1,11]
40 FNEND

50 DIM X$(51,BI[2,5]

60 X$="12345"

70 IF FNR$(X$)="54321" THEN PRINT "YES"

82 ELSE PRINT X$
S8 MAT READ-B

182 DATA 10,26,39,40,50;60,7@.80,90,100

116 END
>BREAK 70-90
>RUN
*BREAK 76
>SHOW X$
X$="12345"
>SHOW FNR$(AS$)
FNR$:AS FNRSLAS="545721"

>GO

YES -
*BREAK 950
>SHOW A (%)

A DOES NOT EXIST

>SHOW B (x,%)

Blx] :

UNDEFINED UNDEFINED UNDEFINED

UNDEFINED  UNDEFINED  UNDEFINED

>BREAK 160
>G0
*BREAK 100
>SHOW B (k4 %)
Blx*)
16 = 20 30 40 50

] 18 80 S0 100
*>GO

UNDEFINED

URDEFLINED

o

UNDEFINE

UNVUEFINE

D

iy
[



SET COMMAND

‘ The SET command allows the user to set any variable to a constant value; this command is
legal only during a break period.

Form

The form of the SET command is

SET item = constant

The items to be sct can include variables and array elements and local variables, specified
as in the SHOW command, except that the form using asterisks ~~v »~t be used,

Examples

10 DIM XI5)
20 MAT READ X
30 DATA 27341476534 795¢14654.9,195.7
40 PRINT FND(X[%*3,5)
58 END
210 DEF FND(AIx)},INTEGER N)
220 REAL 1,J

230 J=1

‘ 249 FOR 1:=2 TG N
250 IF AlLI)>A[J) THEN J=1
260 NEXT 1 :
2170 RETURN J
288 FNEND
>BREAK 30
>RUN
*BREAK 30
>SHOW X (1)
Xt11=273.1

>SET X(1)=z9508.2
>SHOW X (1)
X{1)=958.2

>G0

I

The res1i1  of the program is changed by setiing the first element in the array X

to a higher value than the other elements,

When the break points are removed, the program runs with the data read from the
DATA statement in line 30:

ESTI IR TTES

. >0

2
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FILES COMMAND

The FILES command is legal only during a break period, It prints a list of
all the files that are currently open in the executing program, The list is
by name and internal file number (see Section VIII, Files),

Form
FILES

Explanation

¥hen FILES is typed during a break, a list of the file numbers specified by
the FILES statecment in the executing program 1s printed, The numters are in
ascending order arnd each is followed by a file naze if the file is open, by an
asterisk 1f the file number is reserved but not yet open, oxr by #n where n is
the file numter of a file opened in another progran that called the current
program with INVOXE, The file name of an open file is fully qualified.

Examples

In the first example, FILES specified in the break following the FILES statement
shows four open programs, The break following line 30 where an ASSIGN statement
closed file numper 5 shows only three files curzently crens

10 REM PROGRAM ONE
20 FILES A,B,x,C,D
38 ASSIGHN *,5
40 END
>BREAK 30
>RUN
*BREAK 30
>FILES
WARNING: EXTRA CHARACTERS
I A.BASIC.LANG
2 B.BASIC.LANG
3 X
4 C.BASIC.LANG
5 DJ.BASIC,LANG

>BREAK 40
>GO0

*BREAK 48
>FILES

WARNING: EXTRA CHARACTERS
I AASIC.LANG
B.BASIC.LANG

*

C.BASIC.LANG
% .

vuoas Wwn



In this example, progran FIRST calls program SECOND with INVOKE, BREAK PROG

1s used to specify a breskpoint when control goes to SECOND and again when
control revexrts to FIRST, In SECOND, three local files are open, one of which
is internal file #2 or the file B, It also shows the internal files A and B
that were opened in FIRST and remain open following the INVOKE, The FILES
command at the break upon return to FIRST shows that only the two . files local

to FIRST are open plus-file #3 has been resexveds

SECOND
18 REM PROGRAM SECOND
20 FILES C,#2,D
30 END
FIRST
186 REM PROGRAM FIRST

20 FILES A,B,*
30 INVOKE "SECOND™

" SBREAK PROG
>RUN
FIRST
*BREAK, INVOKE: SECOND
>FILES

ABASIC.LANG

B .BASIC.LANG

*

C.BASIC,.LANG

#2

D.BASIC,LANG

LOCAL FILES START AT 4
>GO0

*BREAK, REVERT: FIRST
>FILES

O N b D) e

I ABASIC.LANG
2 BJ.BASICL.LANG
S %
>G0

>
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The CALLS command is legal only during a break period, It prints a 1list of ali
functions that have not been completed, and of all prosrams that have been called
with INVOKE but have not been completed by END, This 1ist is in reverse chronological

. order starting with the most recent,

Form
CALLS

Exampl.es

At the brnakpoiﬁt for statement 40, the CALLS commani shows that furction FNN ealled

FNM, Note that functions are listed in reverse chronnlogical order:

Funo_ ]
| AR
l" STTUE
v el H
-y e em n mae
YR Sl
ot 2t ' v

SEUCD R GATE () R I)

v

- 2.

B ~

. >:r'.LL.D

Tn the fallowing example, ALPHA2 uses INVOKE to call BETAZ; BETA2 uses CHAIN to call
GAMMA?, Because GAMMA2 returns to ALPHA2, not BETA2, a CAILS command entered during
the break in CAMMA2 shows that ALPHA2 invoked GAMMAZ:

1 .7 SN0 0
- —~— - - - -
[ . == ~ i o -
1 1ot --
A h -
-~ "n -~ ”
- -l - PR -
'L
e d
1. .2 riC - -
- -~ -~ " - ”
- b LR ~ - - -
Fioa o ! . B _r _ == 1= - P
>, h il
>
RS
. 200N B el IR
e sy - , [N
.. Ly 1 V\‘ Le I La: &
>.
- - ~y PO
x \._r.}\, u}lA"-J : Cr b <
>‘|‘ L §



Fach of the followins three prorsrams contains at least one functlon derinltlion and
frinctinn c217, Funetirn WNA n vrrmrem ATRRY ~alls FNR vherein ATFR1 2179 BETAL with
an TNVOVR statement, From within FiC in proeram RETAY, CTMEY. 1s called with an
INVOKE statement, At the breakpoint in line 40 of GIMET function FNE calls FNF, | The
.CAL"_‘% command entered durine the breakneint in GTHZL shews a2 comrlete history of all

nested function calls and INVOKE statements in reverse chronological order:

1o 2% FILOTELL LIi Tl -

o3 DI0 SIIEX)ET LT

RPN 26’

4 FIIOT "o oAIvILe

3L RITILE.

30 FLID .

75 XK=daTC4)
2271

1z =12 PTCITLN BITH

SIOD0F Ful(X)

33 IGVORT UerpTILe

42 PITIURC 2 /
87 FuTND

72 X=7uC(d)

alzrl
12 rRZM rrCaaA0 ALEF
24 TSI ik (X)zr2OX)
33 DIZF Fi (XD
42 14VCKZ "ZITIC
5 rzllU=. 2
53 FuIio
72 X=rin€g) :

>Z0ZhK FROG
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FILES . ' VIII

For problems that require permanent data storage external to a particular
program, BASIC/BOOO provides a data file capability., This capability allows
flexible, direct manipulation of large volumes of data stored on filer,

There are three types of files used in BASIC/3000; formatted files, binary files,
and ASCIT files, Formatted files are created and accessed through the '
BASIC/3000 Interpreter, Binary and ASCII files are created in MPE/3000 but
can be accessed with BASIC/3000, * '

A catalog of ASCII and binaxy files as well as of formatted files in the user's
group library can be requested with the BASIC/3000 CATALOG command (see Section II,
Commands ),

ASCII FILES

ASCII files are created through the MPE/3000 Operatinz system and treated by
BASIC/3000 as terminal-like devices, They can be actual terminals, Output to
then is formatted according to the rules for the PRINT statement (see Section II),
Input from ASCII files is analyzed according to the rules of the INPUT statement,
except that reading starts with the next item, not the next record,

All file statements except ADVANCE, UPDATE, and CGREATE pay be used with ASCII
files, See ASCII File Access, this section, for restrictions on accessing
ASCII files,

BINARY FILES

Bimary files are unformatted files created through the MPE/3000 Operating System,
Data items are stored in binary files as binary woxrds without type information,
¥hen data is read from & binaxy file, it is assumed to be the type of the
variable into which it is being read, Items in binary files can cross recoxd
boundaries and new records are used only upon overflow,

All file statementé'except ADVANCE, UPDATE, File LINPUT, and CREATE can be used

Binaxry
with binary files, Access to binary files is discussed in detall underXFile Access
7/ .
in this section, ' ‘

& -



BASIC FORMATTED FILES

A formatted BASIC/3000 file is created under control of the BASIC/3000
Interpreter, It contains format words to indicate the type of the data

itens in the file, These format words are placed in each record automatically
by the Interpreter (see Appendix H for formatted file structure), Formatted
files allow run~time checking of the typs of each data itenm,

BASIC formatted files are created with the CREATE command or statement,

They may be accessed by any file statements or commands including UPDATE

and ADVANCE, but not File LINPUT which 1is reserved for ASCII files, The user's
ability to accéss a BASIC file depen&s on the MPE file security restrictions,

FILE NAME

When any file is created, whether it is ASCII, binary, or BASIC formatted, it
is assigned a file name by the user who creates the file. The file name may
contain up to eight alphanumeric characters, tho first of which rust be a
letter, The file name may be fully qualified as follows:

file name [/iockworﬂ] ngoup name'[;account namel}

If a lockword was specified for the file at creation, this same lockword
must follow the file name when the file is accessed.

The group name and account name specify a group and account other than
those under which the user logged on, If the file is part of the user's
group and account, then these qualifiers are omitted,

The unqualified file nane specifies a file in the usex's log-on group and
account that is not restricted by a lockwoxd,



CREATING A FORMATTED FILE

A formatted file can be created by the CREATE command or through the CREATE state-

ment. CREATE allocates a file of a specified size, assigns a name, and initializes each
record with an end-of-file mark. Both the record size and the
number of records can be specified. Neither of these sizes can be changed later.

CREATE command:

CREATE file name, file length A
CREATE file name, file lensth, record size

file name is a simple string without quotesy.' The file length is

an integer constant, The optional record size is an integer constant,

CREATE statement: )
CREATE numeric variable, file name, file length

CREATE numeric variable, file name, file length, record size

The numeric variable is used to return a result about the status of the file,

fiie name is a siring cxpression, file lengih is ca 3dntoger expression, and

the optional record size is also an integer expression,

Explanatlion

The file name may be fully gualified by & lockword, group name, and/or account

nane,

The file length specifies the number of records to be allocated to the file,

The record size specifies the nunber of data words per rxecord, Record size may
ba betreen 4 and 319 words; the default size is 106, The most efficient record
sizes ave 105, 212, and 319, Record size is tho number of words needed by the

user to contain his datay the BASIC/BOOO Interpreter adds format words to each
record (see Appendix H),

The nﬁmeric variable contains one of the following results when the CREATE

statement is executeds

0 successful filse creation
1 a file already exists with the same name
2 the file was not created for some reason‘other than

& duplicate name

2. 3




An orror message will be printed if the CRZATE comnand cannot create the
specificd file nome because of a duplicate name or soms other reason,

' CREATE does not open the file for access, Flles are opened with a FILE or an
ASSIGN statement (see Opening Files, this section),

Exanples

>CREATE AFILE;3B

19 DIM BS[4) -

28 LET B$="BB"

38 CREATE N2,"BFILE",15,212

40 CREATE N3,"XFILE",27
) 50 CREATE N4,"AA"’15

60 CREATE N5,BS,15

76 CREATE N6," DFILE",20

88 CREATE N7,"FF2",20

!gg ggfnga NB, "XX", 18

NT “N2z"§ N2," N3="3N3," N4z™s N4, " N5="« N5

110 PRINT “NG:?:NS,“N?:":N7:"N8:";N;’ W=

>RUN
2= o N5= @ N4= 1 N5= B
N6= 2 wWi=- w NB- D

Eight files are created, the file AFIIE with a CREATE command, the remalnder

with CREATE statements, All but BFILE have the default record size 106; records

in BFILE have 212 data words,

In the first run, the value of N4 is 1 indicating that a file named AA already

exists, The user may purge this file and create a new file AA, or he may lcave

the existing file AA and create a file with another nzne,

Kote thit the file name in the CREATE command is an unquoted sitring; in the

CREATE siatencnts, ths file name nay be a string cxpresslon such as a quoted

string or a string variable,




PURGING A FILE

An ASCII, binary, or BASIC formatted file can be deleted from the system with
a PURGE command or PURGE statenent,

Form

PURGE command:
PURGE file name

where file name is a simple string without quotes,

PURGE statement:

. PURGE numeric variable, file name

The numeric variable will contain a result following execution of the PURGE

statement, The file nzne is a string expression,

Explanation

The file specified in the statement or command 1s purged and 1is not

IeCoveLzling,

The numeric variable in the statement returns a result on the status of the
nurge operation: '

0 successful purge

1 file is being accessed and cannot be purged

2 user is not permitted tc purge this file

3 there is no such file
Examples
ree RS
>rJdrun [
1o ¢Ur0Z ,"crILE"
y I'JPA::T !

A FURGE command 1s used to purge AFILE, a PURGE statement to purge BFIL#, The
result of purging BFILE is printed, Since it was a successful purge, the result
is zero, If the PURGE command had been unsuccessful, a message would have been

rrinted,

—~
C
-
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* OPENING FILES

In oxder for a program to access a file, the file must be opsn, For evsxry
file that is to be opened, an association is established between the file-
nunber used in access statements and the file name, The file number is an
integer botween 1 and 16, The file name of a BASIC/3000 formatted file is
the name assigned with a CREATE command or statement, The file name of an
ASCII or binary file is the name assigned when the file was created under -
MPE/3000 control (cee MPE/3000 Operating System manual for instructions),

The linkage between file name and file number is acconplished by one of two
statexzents: the FILES statement or the ASSIGN statement, FILES causes file
numbers to be assigned to the files and, if a file name 1s spscified, the
file is opened, ASSIGN assoclates a file neame with a file number reserved
by FILES but not named., It opens a file not previously opened by FILES,

FILES is a declarative statement, not a dynamic statement, This means that
it is not executed but is processed before the run begins, It may appear
anywhere in the program, ‘

ASSIGN, on the other hand, is a dynamic statement, It is executed during the
program yun and its poeltlion affecis program evesutlsn, I ASSIGN is uszd

to open a file, it must appear before any statoments used to access that file,

CLOSING FILES

All files are closed automatically upon program termination, A file rmay be
dynanically closed during program execution with the ASSIGN statement, This
should b3 done wherever practical to release buffer cpace for other files,

\
\
-
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FILES STATEMENT

Every file that is to be accessed must have a file numbsxr designated in a

' FILES statement, Each file designator reserves a file number starting with
.number 1, Up to 16 file nunbsrs may be reserved for any run, If the file
designator names a file, the fils will be opened,

Form

FILES file desimmator list

One or more filc desizrators wmay be specified, separated by commas if moxe
than ons, A file desisnator may be one of the followling:'

file name

*

#integer

The file name identifies an existing file created with the CREATE command or
statement, or an ASCII or binaxy flle created in MPE/BOOO. It may bs fully
qualified,

‘ The * reserves & iille numpexr for & Iile iral willd W saacd and openad with
an ASSIGN statement,

#integer specifies the internal file number equivalent to an existing file
nunber,

Explanation

File designators are assoclated with file numtsrs in the order in which they
appear in the FILES statcumont, The first is assigned file numbar 1, the second
f£ile number 2, and so forth, If there is more than one FILES statement, file
nunbers ars reserved stariting with the fivst FILES statement,

When a file name is spscified, the file is opened and the program is given 5oth

read ard write access to the filo unlesé the file is already open in soms other
progran, In this caco, only recad accoss is alloved and & warning message will

te printed at execution time, If ths file cannot be opened, the progran torninates.‘

‘ Vhen the program that opened & file torminates, tho file is clesed, - If the progran
had read end wrlte access to tho file, tho write rostriction is rcmoved, This
enables the neoxt progran openirg the file to have both rcad ard write access,

<-n




When an asterisk (*) is used instead of a file name, the file number is reserved
but the file to be associated with that number is not specified, The ASSIGN
statement must be used to associate a file name with the file number, ASSIGN
must be specified before any reference is made to the file number,

If # inteser is used instead of a file name, it specifies an internal file nﬁmber.
This numbsr ifentifies a file declared with a FILES statement in another progran

when programs are segmented, (See Section X, Segmentation, )

The FILES statement is declarative, not dynanic; it may appeaxr anywhere in a
progran and is not executed,

Exanples

16 FILES AFILE,BFILE,*
20 FILES AA BB gk yk,y%
38 FILES #6

Five files are specified in the three FILES statements, The formatted files

AF1LE and BFILE have file numbers 1 and 2 respeciively. Miles AA and ER have

f£1le mmbers 4 and 5 respectively,

The files reserved for nunbers 3, 6, 7, and 8 must be assigned names in an ASSIGN

statement before they can be accessed,

The file associated with local file nunmber 9 in statement 30 has been previously'
associatod with internal file number 6., For the relation betwecen intexnal and
local file numbers, ses Files and Segnentation in Section X, Segmentation,

el =




ASSIGN STATENENT

The ASSTLN statement 1s used to assign a file name to a file number reserved by FILES

ard oran the f4la, T apnthar fila was a=soniated with the file number, that
file is closed, The result of the open orveration is returned following execution
of ASSIGN, Unlike FILES, the ASSIGN statement is executed,

Form -

The forms of ASSIGN are

ASSIGN file name, file number, nureric variable

ASSTGN file name, file nurber, nurmeric variable, nask

ASSTGN file name, file number, nuneric variable, re~t=ictinn

. . P

o e ————

ASSICGN file name, file number, numeric variable, mask, restriciion

ASSIGN *, file number

.The f£ile narme is a string expression; the file number is an integer expression
with a value botween 1 and 16, The numeric variable returns the result of ASSIGN
execution., The optloral rask is a string expression used to code or decode file

data, Ths optional restriction is a two~letier code tu specify any acesss res-
trictions on the file, '

Explanation

In the first four forms, the file name is associated with the file number and
the file is opened,

.If an * is used instead of the file name, any file previousiy assoclated with
the file nunbar is closed, If the file is alrcady closed, the statenment is
ignored, Since closing a file relcases the buffer space that was allocated to
it, it is goed practice to close unnceded files,

An error resultis i1f the specified file number exceeds ths numbexr of positions
in the program's FILES statenents,

-



Aftor ASSIGN is executed, a value 1s-returned to the numeric variable:
0 file is available for read and write

i file is available for read only

2  (unused)

3 the file does not exist

bk (unused) ;

5  no dbuffer space is available for the file 7

6 file is not avalilable for read or write because of another user's
current access

7 specified restrictions not possiple

8 file is availablo for write only

6, or 7 the file is not opened and any access to

If the value returned is 3, 5,
If the returned value is 1 any attempt to

the file number causes a fatal errorx.
print onto the file causes a terminal error. If the returned value 1s 8, any
attempt to read the file causes a terminal exrror. Other references to the file

assigned that file number are legal,

A mask, if specified, protects the data in a file, Whenever the file is assigned
the same mask should be used,or the data will not be intelligible when read, The
aclual data i3 scrambled or unscrambled using the mask; the data types and ins

end-of-file or end-of-record marks are not affected,

The restriction code may be one of the following:

code, meaning

RR Réad and Write Restriction =~ no.other user can access the file

WR Write Restriction - other users may read,but not write on,the file

WL Write Restriction with Dynamic Locking ~ read only)with option to lock
NR No Restriction -~ other users can read from and print on the file

NL No Restriction with Dynamic Locking - no restriction but user has

option to lock the file
If omitted, the restriction WR is assumed,

The specificd restriction is placed on the file and remains in effect as long as
the file is open, If another restriction is in effTect due to a concurrent access,

the ASSICN statement will return the result 6, and the file is not opened,

&-/10



Exanples

10 FILES AFILE,BFILE,*
2p FILES AA BB %, %,*
30 ASSIGH "XFILE",3,X1,WR
40 ASSIGN “OFILE",6,D1,RR
5@ ASSIGN "FF2",T,N,NL
60 LET X3%="X"
70 ASSIGN X$,8, X,“ABZI"
83 PRINT Xl Dl,V,X
90 ASSIGN *,8
188 ASSIGN "CC",1,Cl
119 PRINT Cl
>%UN 7 ) 6 )
o ' ' :

- Files are assignod for each file number associated with an * in the FILES

>

statements, A write restriction on XFILE prevents other users from writing
on that file, A read and write restriction on DFILE prevents othor users
from having any access to that file, File FF2 can be locked with the dynanic
Jocking statements LOCK and UNLOCK; there are no access restrictlions on FF2,

The mask "ABZ1" is used to protect the data in file X, File X is c¢losed in

ina 20,

"wihe zoros in the mumerice varizbles indicate that each file was available for
. reading ard writing in the current run vhen it was opened,

In line 100, AFTIE 1s closed and file CC is assignéd file numbsr 1 and opsned,




FITF ACCESS

There are two types of access to a file: cerial ard direct, For s~rial access,
the items re2d or written imnediately follow the previous ancess without conrern
for the underlying record structure, A peinter associated with each open file

always points to the next item in the file to be accessed,

Fav direct access, a particular record is spesified at which the access begins,

In this case, the volnter 1s moved to the beginning of this record,

2asC

InAformatted files, direct and serial access can be combined in the same file,
It is, for instance, vossible to position the pointer to the beginning of a
record with a direct file statement, and then access the file serially from that
point,

Binary files may bo accessed direcctly only if they are disc files with fixed
N mon ond

4sagen rooexds, Otherwice serial acoess must bs used for binary files (Binaxy
File Access, this section),

ASCII files may be accessed by serial or dirsct access, For a complete des~
eripticn of the restrictions on ASCII file access, see ASCII Flle Access, this secction,



SERTAL FILT PRINT

The Serlal File PRINT statement writes data items on a file, starting at the
current position of the pointer, The items may be numeric or string expressions,
Form

The forms of a Serial File PRINT statement are:

PRINT # file numbexr; orint list
PRINT # {ile number; orint 1list, END

PRINT # file number
PRINT # Tile number; END

— S ot ot e

The print list is a series of numeric and/or string expressions, The rules
for spvecifying the ., 1ist are the same as those described for the PRINT statement

in Section 1T,

Ir tﬁe print 1list is omitted, the statement is ignored unless the file is an ASCII
filo in which case, a line i1s gkipped as in a PRINT statement,

Optionally, END can be the last{or only)item in the print list; it writes an end-of-~file,

Explanation

4

- Rach 1tem in the print lizt is written on the fila I the order it appears in
the Serial File PRINT statement, The items are written starting at the position
where the pointer currently appears overlaying whatever data may be in that
position in the file, Record boundaries are ignored; a serial PRINT can start

in the middle of one record and end in the middle of ancther. Each data item

must, however, fit into a single record,

If END is the last item in the print list, an gnd-of-file mark is written after

the last data item, VWhen an attempt is made to read the end-of-file, an end-of-file
condition occurs, If data is written immediately following the END, 1t overlays
the end=-of-file, If END is not specified, an end-of-record mark is written
after the last data item, This is also overlaid by a subsequent PRINT,

If printing is attempted beyond the physicdl end of the file, an end-of-file
condition occurs, The ON END statement, described in this section, specifies
action to be taken when an end-of~file condition occurs, If it is not specified,

the program terminztes,

PR



Excnples

)@ FILES AFILE,BFILE,*
20 FILES AA BBk, ,*,*
25 DIM ASI(5)
38 DIM Bl2,5]
~ 40 MAT READ.B
50 DATA 108,220,330,432,500,603, 700,828,520, 1023
66 LET A$‘"ABCD""
78 PRINT #15"4RRAY B“,(FGR I=1 TO 2, (FOR J=1 TO 54Bl1,J1)),END
82 PRINT #23 AS Bl2,11,B(1,5)
98 PRINT #2;EN
128 PRINT #l;"END OF ARRAY"
>RUN

>DUMP AFILE
ARRAY B

180

2p8

3092
o A28

- . 508

6p0o

700

800

920

1089
END OF ARRAY
>DUMP BFILE
ABCDE

600

500

The string expression "ARPAY B" followed by the entire contents of array B are

written onto file numbsr 1 (AFILE). An end-of-file mark is written
following the last data item,

Tn 1line 80, tha contents of the string variable A$ followed by the contents of
two elements of array B are written on file number 2 (BFILE), Line 90 writes an

end-of-file mark on BFILE,

Line 100 overlays the end-of-file previously written on AFILE with the string
expression "EXND OF ARRAYY, Since the EXD is omitted, an end-of-record mark is

automatically written after the string exvression,

Although recexrd boundaries aro igrored in a scrial print,; no iten ecan be lenger -

than & sinsle recoxd, The racomd size of ATILE wos cruated as 105 words end LFILE

es 212, bBach numbler requires ous 1o feur words deperding on typs, cnd a ctring
roquires a vword for cpproximately ove:r tue chiractexs (ece Appendix H, File Structwre

for oxact rooulovmonts),

e,
-~



FILE RESTORE STATEMENT

The File RESTORE statenent repositions the file pointer to the start of the file,
The statement can bs used for any file, but is particularly useful for serial

files such as magnotic tape,

Forn

| RESTORE # file number

The file number identifics a file that is currently open,

Explanation

Vhen File RESTORE is executed, the file pointer is set to point to the beginning
of the first record in the file, A serial read or print will begin at that
position,

Examples

16 FILES AFILE,BFILE
20 PRINT #1,135123.4
38 PRINT #2,13567.8
49 RESTORE #2
50 RESTORE #1
63 READ #1i;C
79 READ #23D
88 PRINT C,D

>RUN

123 .4 567.8

¥hen the File RESTORE statements are cxecuted, the pointor in file number 2
is moved back to the start of that file, Then the pointer in file nunber 1
is moved to the start of that file, If the files are magnetic tape, they are
rowound,

X/IC-



SERTAL FTLE READ

. The Serial File READ statement reads items from a file specified by file number
-into numeric or string variables, The first item read is the item following the
current vositlon of the pointer, that is, immediately following the last item
accessed, As with serial print, record boundaries are ignored and the list of

read items can start in the middle of one record and end in the middle of another,

Form

The form of .a Serial File READ is:

READ # file nunber; read item list

. The read item 1ist is a series of variables and ér FOR loops separated by commas,
The rules governing this list are the same as those dascribed for the READ statement
in Section 11, '

Explanation =, ¢
_fFov a -(‘e.vu,\a.l'.(.’i' 7;[&__/
C Fach item in the specified file *s read into a variatle in the read item 1list,

the first item into the first variable, the secord into the second, anrd so forth, i

The destination for a string value must be a string variable; +the destination
for a numeric value must be a numeric variable, Otherwise, a terminal error occurs,
If the numeric value is not the same data type as the variable, conveﬁion is

pexrformed as described in Section IV,

It is possible to check the type of the next data item with the TYP function,

described in this section,

When an attempt is made to read beyond a logical or physical end-of-file, an
end-nf-Tile condition occurs, Unless an ON END statement transfers control to

another statement in the program, the prosram terminates,




Examples

19 FILES AFILE,BFILE,* _
206 DIM AS$(5),X3(10),Y$(181,C3(15)
30 DIM Bl2,5])
40 MAT READ B
50 DATA 103,220,303,403,530,623,732,8298,922,10¢92
60 LET AS="ABCDE"™
786 PRINT #13"ARRAY B",(FOR I=1 T0 2, (FOR J | T0 5,B11,J))),END
80 PRINT #2; A$ Bl2,11,Bl1,5]
9% PRINT #23 JD
108 PRINT #l‘“:ND OF ARRAY"
110 RESTORE #2
128 RESTORE #1
138 READ #1:XS%,A1,BI,Cl, Dl,zl
148 PRINT X$ LIN(]) Al Bl.Cl DI1,El
150 READ #13 A2 B2, C? DZ,EZ
168 PRINT AZ Bz Ca Da,_
179 READ #2: Y$ A »B
1880 PRINT Y$,A,B
196 READ #13C$%
195 PRINT C$%
203 READ #13X
210 REN..THE ATTEMPT TO READ AN END OF FILE RESULTS IN TERMINATION
>RUN

ARRAY B
100 200 3080 420 500
660 720 880 980 1628
ABCDE 600 500

END OF ARRAY ‘ -
END OF FILE Iw LINE 280

After data is written on files 1 and 2 with the print statements in lines 70-~100,
and the pointer is restored to the start of each file in lines 110 and 120, the
data that was written can be read,

The first six items in file 1 are read in line 130, The next five items are
read in line 150, The three items written on file 2 are read in lins 170,
PRINT statements are inserted to test the accuracy of the reads and the oprevious

writes,

A string item remains in file number 1; this is read in line 190, Line 200
attempts to read an end-of-file causing the message: END OF FILE IN LINE 200
to be printed,




DIRECT FILE PRINT

The Direct File PRINT statement writes a \lést of da.fa. items onto the specified

file as a single record, Printing begins,\a. particular record specified in the
PRINT statement, After printing, an end-of-rocord mark is written and any data
Apreviously contained in the record is lost, @®ata in records preceding and following
the specified record is not changed,

Fornm.
The forms of a Direct File FRINT are:

PRINT # file nunber, xecord number; print list
PRINT # file numbter, record number; print list, END

PRINT # file number, record number
PRINT # file number, record number; END

Both the file number and record number are integer expressions. The print list is optional
and has the same format as a Serial File PRINT. If it is missing, the statement erases
the contents of the specified record.

Explanation

The Direct File PRINT positions the pointer at the beginning of the specified
record and then writes the contents of the print list, ) ~ An
end-of~record mark is written following the items in the print 1ist. Any previous

end-of-record marks are ignored.

The first record of the file is record mumber 1,

END writes an end~-of~file mark, If no print list is specified, ahy data in the
specified record is replaced by the end-of-file mark,

Serial and Direct PRINT statements can be used to write on the same file, A

serial print fellowing a direct print will write its data items immediately
followingz the previous items,




Examples

10
20
30
40
58
60
70
80
S8
100
118
120
150
140
150
160
178
>RUN

The first record of file number 3 contains a string value,

FILES AFILE,BFILE,x*
FILES AA BB ky*,*
ASSIGN “XFILE",3,XI1,NL
ASSIGN “DFILE",6,D1,RR

LET Al:l,Bl:Z,Cl:&,Dl:d,El:S
LET AS="A"
FOR N=1 TO 10
LET BINI=W+]
NEXT N
DIM B(1B] .
PRINT #3,13"START OF XFILE"

PRINT #3.23 18,61, (FOR N=1 TO 18,BIND)
REM..TWO RECORDS HAVE BEEN WRITIEN ON XFILE
PRINT #6,2351,Cl,D1,EI

PRINT #6.15A%

RINT #6,33END
gEM..THE’TﬁIRD RECORD OF DFILE IS AN END-OF-FILE

The second

record has two numeric items and the contents of a 10-element nureric array, No
end of file is written on #3,

File number 6 also has a string item in its first record; it has four numeric

items

in the second record, The third record is an end~of-file,

Note that the records do not have to be written in the order they appear in
the file,




DIRECT FILE READ

. The Direct File READ stateme
specificd file and assigns them
pnumeric variables, and string v

nt reads data values starting at a specified rccprd of a
to variables. Numeric values can only be assigned™to
alues to string variables, as in Serial File READ.

-

> Yorm

The forms of the Direct File READ statement are:

READ # file number, record number; read item list

READ # file number, record number

)‘uu'L‘
The file number and record number are integer expressions. The optional ;\item list is of
the same form as in a READ statement. !
Explanation

Data values are read from the record and assigned to the variables in the item list. If a

‘ record number is specified outside the range of the file, an end-of-file condition occurs.
If the g item list is omitted, the statement moves the file pointer to the beginning of the
specified record, but does not read any data.

Exomplas :

18 DIM C[2,5)

28 DIM A$(281,X$020]

30 READ #3,13A%

40 READ #3,23X,Y,(FOR N=I TO 2,(FOR P=1 TO 5,CIN,P1))
50 READ #6,13X5 ' o

68 PRINT AS,X,Y

786 MAT PRINT C

808 PRINT X$
9@ FILES *,*,XFILE,*,*,DFILE
>RUN
START OF XFILE 10 !
2 3 4 ‘ 5 6
7 8 9 10 il

A

Tn thie rvamnle, the data rreviously written on records 1 and 2 of XFTIT' nnd ~n

. record 1 of DPITR ara vead, (See exannles with DNirect File PRYMT, )




In the example below, ten records are written on file AA and then these recoxds.
are copled to file BB and AA is closed,
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ASCII FILE ACCESS

ASCII files pay be accessed with any statements except the ADVANCE,
UPDATE or CREATE statenents, In addition, the File LINFUT statement
can be used to read the contents of an ASCII record,

Fumeric values written on an ASCII file with a File PRINT statement cannot

be read casily since the File READ statement expects commas btetween items,
and ths Flle PRINT does not write the comras on an ASCII file, To avoid this
protlom print “,” beiween ltems if the file is to be read with a File READ statencnt,
or use the File LINFUT statement to read ths contents of an ASCII file,

String values are printed oxactly as they are printed by the PRINT statement
(section II),

- 2
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FILE LINPUT STATEMENT

The File LINPUT statenent reads the entire contents of a record in an ASCII file
into & string variable. File LINPUT is used to read ASCII files only,

Form .
LIKPUT # filo nunbers strinsg variable

Explanation

File LINPUT rcads the contents of the record at which the pointer is currently
positicned, This is like LINFUT (see Ssction II) except that input is from a
f1le not a terminal znd o record, rot a line, is read, Also there is no neod
to know the typs of the data items in the record.

If the string variable is not large enough to contain the entire rxecord, the
extra characters are discarded,

Exénples

10 DIM A$[721,B50208)
28 READ Al,B1,Cl,DI1,El
3@ RESTORE #18
AP PRINT #1@3;A1,B1,Cl1,Dl,El
50 PRINT #10;"1, JANUARY,1973"
60 RESTORE #1¢ '
70 LINPUT #1034
8¢ LINPUT #13:;B$
98 PRINT AS$,BS
100 DATA 10,28,33,40,50
110 FILES AFILE,BFILE,*,AA,BB,DFILE,FF2,X,*,ASCI
>RUN :
10 20 30 42 50
1, JANUARY,1573

The first two xecords of the ASCII file ASCI are input into the string variables
A$ &nd B§, {the first rocord im A$ and the sscord in B$,

~J
.

77




BINARY FILE ACCESS

Access to binary files may be serlal or direct, and the two types of access

cannot be mixed, Direct access is allowed only for files on disc with fixed
length records, Serial access is used on files fer which no recoxd number

accessing is allowed, such as magnetic tape, .

Data items are stored in binary files as binary words without type flags,
When data is read from a binary file, it is assured to be the type of the
variable into which it is belng read, Items in binary filos can cross record
boundaries and now records are used 6n1y_ upon ovexflow,

Printing Strings

When a string item is printed, the item starts at a word boundary and is as
long as the actual string, If the string is of odd length, an additional
character of undefined value is written to complete the last word, Each
woxrd contalns two characters,

Reading Strings

Khen & string iz read Irom a binary file, the nuzbsr of choxacters =ced depends
on the form of the variable, For instance, if A} is a simple string variables

READ #13;A$ reads the physical length of A$
READ #1343(1) reads the physical leagth of the substring
starting at 1

READ #1;A%(1,J) reads J-I+1 chzracters into ithe substring
starting at I

READ #13;A8(1;J) reads J characters into ths substring starting
at I



DYNAMIC LOCKILG

If a file is opened with an ASSIGN statzment end either WL or KL is specified
as a restriction, access to the file can be dynsmically controlled with the
- LOCK and UNLCCK staterents,

Form
LOCK # f£ile nunber

UNLOCK # file nunbsxy

Tho file identified by file nunber nust have leen opened with an ASSIGK statement '

specifying one of the restrictions VL or N,

Explanation

LOCK gives a progran exclusive control of a file until it is unlocked by the
UNLOCK statement, During control by LOCK, no other program can lock the file
untll UNLOCK is executed. An attempt to lock & file that has been locked will
cause the program to bs suspended until the file has been unlocked in the other
program, Only one file at a time can be locked,

Any write operations on & locked file are guaranteed to be physically completed
before thke UNLOCK 1is executed, Each access to a file during dynamic locking

fhould Tte mede botwren a LOCK and UNLOCK statement,

Note thdt the LOCK statement does not actually restrict other programs fron
accessing the file, Therefore,all programs must cooperate by first locking,
then accessing, and theh unlocking the file, Dynamie locking is not neccssary
if it is unlikely that more than one user will access the sams file,

Examples

12 FILES AFILE,BFILE,*
20 FILES AA,BB,*,%,x
30 ASSIGHN "X",8,T,iL
43 PRINT T
50 LET Az2.,5T7325E13
6@ LOCK #8
70 PRINRT #83A
80 UNLOCK #38

>RUN

LOCK

]

The file i1s locked in 1ir2 130. This assures that no other program can lock
the samo file and that ihe write operation in line 140 will bz completed &nd

the pointer nioved to tho boginning of the noxt racord., Lina 140 contains e

<o

AR .



Serial File PRINT statement that writes the contents of the variable A onto

file nuaber 8, Line 110 prints the contents of the numeric variable T containing
the result of the ASSIGN, This shows that the file is open and can be written
on beforse LOCK is specified, Following execution of the UNLOCK statement,in
line 150, amr other user may lock the file,



ON END STATEMENT

. The ON END statement sets a flag for a specified file so that if and when an end-of-file

condition occurs in reading and writing that file, control is transferred to a specified state~
ment. If the flag is not set, an end-of-file condition causes program termination.

Form
The forms of ON END are
ON END ¢# file number THEN label

IF END # file nuimber THEN label

~ ON PND and IF END are accepted Inlerchangeably but the statement is always
stored internally and listed as ON END,

Explanation

Hhén an end-of-file conditlion occurs during exccution of e Direct or Serizal File
READ statement of a File LINPUT statement, the ON END statemrent transfers conirol
to the statement identlfied by label, Whon writing on a file with a Direct or
‘ Serial File PRTNT st:tement, ON END transfers coniiol o iabel when an atiengt
1s made to write past the physical end~of-file, |

ON END is an executable statement and the transfer labal can be altered by a ,
subsequent ON ERD statement, The label nust not lie within the range of a functien
unless the ON END is also within that function., An ON END within a function must
refer to a label within that function; ON END has no effect outside the function,

ON END is not executed if an end-of-file is encountered during exection of
the ADVANCE statement (see ADVANCE description, this section).

Examples

In the example below, the Direct File READ in line 70 attempts to read an

end-of~file written in line 50, The ON END statement transfers control to
line 100,



18 FILES AFILE,BFILE

20 READ Al,B1,Cl,Dl,E]

30 DATA 100,2008,3€0,480,500
35 ON END #2 THEN 120

43 PRINT #2,1341,B1,Cl |
5¢ PRIKT #2,23Dl,El,END
60 READ #2,13A,B,C |

76 READ #2,23D,E,F

g0 EHD

106 PRINT "END OF FILE 2"

120 PRINT A,B,C,D,E
>RUN
END OF FILE 2 .

180 200 380 400 580

In the next example, file RR is created with § records, The File PRINT statement
in line 90 attempts to write past the physical end-of-file and the CN END statement

causes a transfer to line 120,

>CREATE RR;5
>LIST
18 FILES RR
28 DIM X[6]
38 MAT READ X
40 ON END #1 THEN 138
58 PRINT #1,13X(1]
68 PRINT #1,23X[2]
70 PRINT #1,33X131
80 PRINT #1,43X(4)
90 PRINT #1,53%X(5)
160 PRINT #1,63X(6]
{110 DATA 10,20,30,40,50,60
120 END
138 PRINT “END OF FILE"
>RUN
END OF FILE

>DUMP RR
18
20
30
40
50



FORHMATTED FILE STATEHENTS

Cortain file staterents cre avallable for use only with BASIC/BOOO forratted
files, These ars ADVANCE and UPDATE,

ADVANCE STATEMENT

The ADVANCE statement allows for skipping past items in a ‘formatted file
without reading them.

Form } ‘ .
The form of ADVANCE is
ADVANCE # file number; integer expression, numeric uarzable A

The integer expression specifies the number of data items to sklp and the numeric
variable is used to return a result value.

Explanation

If the integer expression is negative, items are skipped in a reverse direction.

TP A LY My

After execuiion of ADVAEIE, the nunoric variaplc squals cero if the ADVARCE
was successful, If the ADVANCE staiement encountered either en end-of-file or
& stert-of-file, the numeric variable equals tho differenco batween the
nuriber of itens requested ard the nmumber actually skipped, This value is
negative if ADVANCE was in the reverue direction, |

Examples

PO FILTS %, 00,00
00 LIT ozl lzl, .24, 2z ) n 52" X"
IOPTLLT A335 43330,y 295,202
4% RESTCRE #3
S5 DV LCE #339,X1
S0 IF Xl<>2 THZD SZT0 1002
T2 0500 738 Lyl
Bl REC #iynd
9. rilT Lyiiyas

1os R T XI

> U

41 ~ )\

The first three items in file AA are skipped, then the next three are read and

printed,



UPDATE STATEMENT - . (precede or)
"""

The UPDATE statement allows an item in a formatted file to be modified
. without affecting any of the items that follow. UPDATE overwrites the next item in the

.- file and positions the pointer to the item that follows.

Form

The form of UPDATE is
UPDATE # file number; expression

Explanation i
\Muvnc

If the existing data item is numeric, the expression to be written must be,also. If their
types do not match, the value of the expression is converted to the type of the existing

_ data item.

If the existing item is a string, the expression must be a string. The string expression is
truncated or blank-filled on the right to fit the size of the existing item exactly.

Examples

40 PRINT #3,134

50 RESTORE #3

60 ADVANCE #333,X1

78 UPDATE #334.57

80 ADVANCE #3;2,X2

90 UPDATE #33"xyz"
>RUN

>DUMP AA

The fourth and seventh items in file AA are given new values with the UFDATE

statement, The file is then dumped to illustrate the successful upda.'te[




LISTING FILE CONTENTS
DUMP COMMAND

The DUMP command displays the contents of a BASIC/3000 formatted file on
another file: eithor the normal output file (ths texrminal) or a spoeified
ASCII file, DUNMP provides a sinpls way to rrint Job inforration at the
terminal, Normally tho contents of a file to be dumpsd are string data,

Forn
" DUMP fila nans
DUMP file pare,,0UT=asciifile

filo rone is a sinple string without quotes, It must nome a BASIC/3000
formatted file, &sciifile is the name of an existing ASCII file,

Explanation

The contents of the named file ara dumped on tha normal output file (the terminal)
unless OUT=aseiifile is specified, in which case, the file is dumped on the
spacified ASCII file,

DUMP'prints each item on a separate line; record boundaries are not indicated,
DUMP t{crminates at the first end-of-file,

Exanples

18 FILES AFILE
20 LET X=10.5,Y=75,2=158
30 PRINT #1,1310,20,38
48 PRINT #1,23"HELLO"
50 PRINT #1,33X,Y,2

>RUN

>DUMP AFILE
10

20

30
HELLO

1‘305

75

150



FILE FUNCTIONS

Two functions are available in BASIC/BOOO that assist in file access, Tﬁi/are
TYP and REC,

TYP FUNCTION

The TYP function returns the type of the next data item for a particular file,
This function is used in conjunction with [File RFAN statements since the variables

into which the data is read must be string if ths items is siring, numeric if the itom
iz nunecrie,

Form
TYP(interer exnression)

The absolute value of the integer expression must be an existing file number,

Explanation

The value returned by TYP depends on the type of the next data item in the file;

TYP(x) Meaning
1 A real
2 string
3 end-of-file
L end-of ~record )
5 integer
6 long .
4 complex
if thé%éi%;éﬁsion is greater than zero, ihe file is treated as a serial file,

This neans that thc value 4 is never returned as end-of-record marks are skipped

in a serial file,
inteqer
If thq«expression is less than zero, the file is trecated as a direct file and

any of the values of TYP may be returned, Since the file number is based on the
absolutec value of the expression, an cxpression equal to -1 means that file

mmber 1 is examined and treated as a direct file,

If the integer exprossion eouals zero, TYP returns a result bnced on the current
position of the rointer to the DATA statements. (Scn RWAD/DATA/RISTORE description
in Scction TT,) %ha value & is never xoturned, erd 3 ncans end-of-dato,

.27



If the Tile is binary, TYP returns only the values 1, 3, or &4,

. If the file is ASCII, TYP returns the same results with the same meaning as
.the BUF function, (See BUF Function description under INPUT Statement in Section II,)

Examples

File AFILE is written with integer, real, long, and complex numbers, A later

program reads only the long and complex items using the TYP function to distinguish

then;

18 FILES AFILE

20 INTEGER 4,B

38 LONG LI

46 COMPLEX C!

50 LET A=25,B=108,X=2.35TE12,Y=7.,649E~5

60 LET L1:9,95959L-5

70 LET Cl1=(.002359,.032175)

86 PRINT #134,X,L1,B,Y, Cl,"STRING RECORD",END

>RUN
>SCRATCH
‘ 10 FILES AFILE
20 LONG L3

36 COMPLEX Fl
48 GOTO TYP(l) OF 50, 5@ 130,506,508, 78,100
50 ADVANCE #131,Al
68 GOTO 40
78 READ #13L3
86 PRINT L33
98 GOTO 42
1806 READ #13F1
118 PRINT Flg
126 GOTO 43
138 PRINT LINCI)3" END OF FILE"
>RUN
$.9999902003L~B5 ( 2.,35900E-03, 2.175223E-33)
END OF FILE



REC FUNCTION

The REC funrtlon returns the record rumter at which the file pointer is currently
positioned for a specified file,

Form
REC(interer exprocsion)

The interer expression evalvates to a file numter, PEC returns the record

mmbher of +h2 record in that file currently beine acces-ed,

Exarnles
17 TLLTS AFRILIZ,EFILE,NFLT, -yl
23 LST azl,T=n, =i, Tad,TEE
—_ — - L I e - ,4-u?.-~.’.
: f.’.f i f;); s -9 y -9 -
42 LIT ==RIZ00D)
20 ETAD #5,230, . ,X,Y,2
G FRIVT e sk oY o2
> U )
l e < 4 p)

The variable R is set to the value of REC(1); this value, the current record
. in file BB, is then used in the Direct File READ in line 50,




FILE ARRAY OPERATIONS

There are four statements for accessing files with arrays:
Serial File MAT PRINT
Serial File MAT READ
Direct File MAT PRINT
Direct File MAT READ

Serial File MAT PRINT Statement
This statenent prints entire arrays on a file starting at the current position,

Form : _
MAT PRINT #file nunber; array list
MAT PRINT #file number; array 1list, END

MAT PRINT #file numbexr;END

The airax 1ist contains a list of array names separated by commas, END writes
an end-of-file,

Explanation

IV The arrays specified in the array list are written on ihc specified file xow by zcuw

My Iv—-.

An END in the array list writes an end-of-file mark,

Serial File MAT READ Statement
This statement reads data items, starting with the current position of a
specified file, to fill entire arrays row by row,
Form
MAT READ # file number; array list
Explanation

The array names in the array list will contain data read from the specified file,



Examples

The example below writes the values of two arrays onto the file BB; it then

‘reads the array values into two different arrays with different dimensions:

S asy me .
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Dirert File MAT PRINT Statement
This staterent prints arrays starting at the beginning of a specified record
within a specified file,

Form ‘
MAT PRINT # file number, record number; array list
MAT PRINT # file number, record number; array list, END

MAT PRINT # file number, record number; END

Explanation

The array namcs in the list are written on tha flle starting at the bteginning
of the record identified by record nuﬁber. An END in the array list causes an
end-of-file mark to be written, The contents of the array list may cross record
boundaries,

Direct File MAT READ Statement
This statement reads entira arrays starting from a specifled record in a specified
file, The read may cross record boundaries,

Forn

MAT READ # file number, record number; array list

The array list contains the names of entire arrays.

Explanation
The contents of the specified record number are read into the array variables

specified in the array list,
Examples
Two arrays A and B ara writtcn on MATL starting at recoxd nuabor 5, The arrays

are yead from record mmbar 5 into arrays C and D respectlively. The arrays are

redirensloned when they cre read,



" >28 DIM 4¢123),B(3,2),0(5,2),D(2,3)
. >L1ST
[@ FILES *,*%,%,%

2p DIM All12),B[3,2),C05,2),D02,3]
38 MAT READ A,B

48 DATA 1,2,3,4,5,6,7,8,5,9
58 DATA 625, 704,823,920 415545 .
60 ASSIGN "MATI™,4,Ml
76 AT PRINT #4,534,8
82 MAT READ #4,53C,D
98 MAT PRINT C,D
SRUN
| 2
3 4
5 6
7 8
9 2
6.5 7.4 8.3
9.2 ol 55




FORMATTED OUTPUT ' . SECTION IX

The PRINT USING and IMAGE statements of BASIC/3000 give the user explicit

and exact control over the format of his, program output, All types
gf nunbers can be printed: integer, fixed-point, floatingz-point, and complex,
The exact position of plus and minus signs can be specified, String values
can be pri;ted in specified fields; literal strings and blanks can be inserted
wherever necded, Carriage return and 1ine feed are under explicit control and

lines longer than 72 characters can be vprinted,

Format strings are used to specify the'output format, These strines are
explicitly included in the PRINT USING statement, or they may be specified
in IMAGE statements whose labels are referenced in the PRINT USING statements,

PRINT USIKG STATEMENT

The PRINT USING statement allows the user to output a list of items according
to a custonized format,

FOTR
The forms of PRINT USING ares

FRINT USIKG label;print using list
PRINT USING labsl

FRINT USING string expression; print usinz list
FRINT USIIG strinz oxpression

The print using list is an opticnal list of expressions and functions from which

items are printed, It is like a rrint list (see PRINT Statement, Section II)
except that semicolons and trailing punctvation are not allowed,

The label is the line mumber of an IMAGE statement that contains a format
string for the PRINT USING

the strine exrression evaluates to a format
string for the PRINT USING,

The print wsins list cen bo cmitted vhen the format consicts cntirely of literal

. gpeciticatlions,

- - — .~ YU, Y- e



Explanztion |
A forrat strinz describes the form in which items in the print using list are

to be printed, The full description of format strings is contained under

Format Strings, this seclion,

Any cormas in the print using list are separators only; they have no forma

function as they do in PRINT,

When PRINT USING is executed, each specification in the associated formet string

is exiracted and examined. «
~{If the specification calls

for a strins oxr mmmeric valus, the print using list is examined for a corresponding
expression, Bach expression is output accordins to its corresnordine snmecification
In the format strinz, Auy print functions in the list are execcuted as thzy are

" encountered,

If the expression and the specification do not match because one is a string and
the other is numeric, the program terminates with an errof message,. If the value
of a numeric expression is greater than can be printed with the format, the number
is printed without format control,and preceded by two asterisks,on a sepzrate line,
The program continues, An integer specification prints a real nuuber with any

fraction rounded o ths nuzvest integer,

If the format spocification is a literal specificatlon, it 1s printed without
examining the Pxrint using list, When the format string contains only litoral
specificationz, the print using list, if precent, is ignored,

If the end of thec format string is reached before the end of the print using list
processing returns to the beginnirng of tha string, The next expression in ﬁhe
list is mateched to the first specificaticn in the fermat string, When all
exprassions in the list have beon printed, a carriage return and line fecd arxe
generated, Unless & carriage centrol character specificd in the format string
supprosses the final carrlagoe return and/br lino fecd,




} - Examples

. Fumeric variables A and B zre printed acccrding to a format specified as a siring
 expression in PRINT USING (1ine 30) and then according to a forrmat spscified in-

the IMAGE statement (line 50), PRINT USING in line 40 referonces the format string

in line 50:

12 DIM AS[10)

20 LET A=1200303,B=999999

30 PRINT USIRG ™"18D";A,B

40 PRINT USING 503A,TAB(23),B .
508 IMAGE $DXDDDXDD .

>RUN _
1630680 999899
$1 000 00 $9 995 99

The exact meaning of the format strings used in these oxamples is deseribed
v . Palow-nnder Favmat Strings, Note hore thots

integors are replicators causing repetition of the spacification that follows
X causes & blank to bs printed

D prints a deciral digit fron the print using list

$ causes o dollar sign to be printed .

o, A e P TR S P S ra A A g =



MAT PRINT USING STATEIENT

The MAT PRINT USING statement allows the printing of one or more complete arrays

. according to a specified format.

Form : -

The form of MAT PRINT USING is-

MAT PRINT USING label
MAT PRINT USING 1label; rat print using list

MAT PRINT USING strine exoression

MAT PRINT USING strines expression; rat print usine 1list

The mat print usin~ 1ist is a list of arrays ard »rint funnatiang,

The feormat string is in an TMAGE statement identified by 1abzl, or it is

contained in the string evnreasion,

Explanation

The format specifications for vrinting the arrays in the list are rvovided and
evaluated in the same manner as for PRINT USING, The arrays are printed row by
‘ row as in the MAT PRINT statementi, bul all spacliv, 13 purovided by the format

string associated with the mat print using list,

Examples

|8 DIM Al3,71,B[3,5]

20 MAT READ A,B

98 MAT PRINT USING 1¢@2:B

46 MAT PRINT USING " 7(3D2X)/"3A

50 DATA IEE,IIE,IZQ,ISE,I4Z,ISG,168,173,182,19ﬂ,226

gg g:%ﬁ 2ég,223,252,24@,258,268,273,283,29@,33@

Log IMAGEds(Biégiiig,45@,44&,458,46@,472,489,496,582,518,523,550,548
>RUN
400 410 428 430 4 40
450 463 47 4 82 4 90
5088 518 520 5 38 5 40

166 116 126 130 140 150 160

178 180 1950 280 210 2280 233

240 252 263 278 280C 298 332

Array A is printed according to the string expression in line 40; array B is
. printed according to the format in the IMAGE statement in line 100, which inserts

a blank after the first disit of each nunber,

V)



. IMAGE STATEMENT
The IMAGE statement specifics a format siring to be used in a PRINT USING statement.

It is a declarative statement and is not executed,

Form

The form of the IMAGE statement is

IMAGE formet string

The format string is not quoted, It may be used by PRINT USING or MAT PRINT
USING statements..

- Format string specification is descrited in this section under Format Strings.

Explanation

The format string specified in an IMAGE statement is associated through the label
of the IMAGE statement with one or more formatted print statements., By specifying
a format in an IMAGE statement, many PRINT USING and MAT PRINT USING statements

. can use the same format,

The legitimacy of the format string in the IMAGE statement is not checked until

execution,
Examples
12 D1n w5022)
20 A%="1,2,344,5,5,7,8,9,2,"
S Rz1E2345%,52=-T78910C2,C=12
43 X=1234,58
ST IMACE SDEX,"LITEF LY, S2IXX,340..20
62 1ueGE S4UXX.CD/E22EX,TT2
TS PRI0T USING S7035,0,N
30 PRINT USILG 823X ,h5,2
> J
123428 LITZRAL+12 $1234.35%
+1234 .58
Ly 238,432,253 743,8,0, =-T7391.

The decimal point in the format string indicates that a decimal point should
. be printed and, by its position, specifies the number of digits to the left

and right of the decimal, The slash causcs a carriage return and line feed,

e
“f 7




FORMAT STRINGS
The format string conéists of an optional carriage control character and comma followed

. by one or more format specifications separated by one or more commas and/or slashes.
Each format specification consists of orderly combinations of format symbols.

Format Symbols

Format spemﬁcatxom are composed of permutations of the following symbols (the rcplica.tor n
is an integer between 1 and 255 inclusive):

A Causes the printing of a single character. nA causes n characters to be
printed. A is legal only for string data items.

D . Causes a decimal digit to be printed. nD causes n decimal digits to be
printed.
X Causes a blank to be printed. nX causes n blanks to be printed.

Indicates placement of decimal point.

S Indicates placement of “+” and “-” signs.
M Indicates placement of “-” only.
. '] Causes nuribers to be printed in E-type tioat form.
C _Indicates a complex format follows
K~ Indicatcs compressed numeric formatting.
I Causes the characer "I" to be printed; nI causes n I's to be printed,
$ Causes the character "$" to be printed; n $ causes n dollar signs to be

printed

4+ or - Separate: the real from the imaginary part in a complex number and
indicate placement of the sign for the imaginaxry part,

/ Separates specifications and generates a cérriage return and line feed,

() Enclose a group field specification so that a replicator can be used
to signify the multiple occurrence of this group of specifications,

Also enclose ccmplex specification preceded by C,

’ Sepa.ra.tcs- specifications
. ® "  Enclose litcral srpecifications,
' Apostrophe is used for special string charvacters (e.g.,'#0)

u{ - (n

/




The format symbols are combined according to certain rules to form the following
types of specifications:

literal specification

string specification

numeric specification

The symbols X, I, $, and literal strings are considered editing symbols and may
be interspersed freely in any specification,

Literal Specification

This specification contains only the editing symbols X, I, $, and literal strings,

When a literal string is encountered in a format string, the characters between

© quotes are printed, For instance,

"THIS IS A LITERAL STRING"

When the characters I and $ are encountered in a format string, the literal
characters "1I" and "$" respectively are printed,

Each X in a format string causes a single blank character to be prihted.

Replicators mzy procezde cn ¥, I, or ¢ in 2 format string:

Jde W2 Coda dmy

21 equivalent to II
3X equivalent to XXX

285X  equivalent to $$XXXXX

String Specification ' -
; u,.SH"-/]
In a string specification, any combination of X's and A’s (with or without replicators) is
permissible. At least one A must be present to signify a string specification. The
matching item in the {inal pring\list must be a string value; it is printed left-justified with
blank fill to the right. If necessary, the string value is truncated on the right to fit in the

ficld. For example,

3A (prints 3 characters adjacent)

AXAXA (prints 3 characters separated by blanks)

Examples

12 DIM AS[10)
28 LET A$="ABCDEFGHIJ" ,B$="ABC"
38 PRINT USING “3X3A3X,AXAXAX"3BS, " UVWX"
42 PRINT USING 503;A%
56 IMAGE "ALPHA STRING",3X!2A
>RUN
A uvuw
ALPHA STRING ABCDEFGHIJ



Numeric Specification

The specification for a numeric field other than complex consists of the symbols
S, M, D, ",", and E, S and M may be used to position the sign, D's are used to
indicate the positions of the digits, the decimal point is used to position the
decimal point, and E may be used to specify that an exponent field is to be
printed, The editing symbols may be freely inserted into a nnméric field,

The specification for a complex field uéually consists of two numeric specifica-
tions combined in a spscial way that is described in detail later,

Generally, numbers are rounded when being converted for formatted output,

In all nuj'neric specifications (except the imaginary part of a complex specifica-
‘ tion) printing of signs is handled by the charadters S and M, according to the
following rules:

1. If an S appears before all D’s and any decimal point, the sign (whether + or -) is
printed immediately preceding either the most significant digit or the decimal
point, whichever is further to the left. '

2. If an Sappears afier any D’s or to the right of the decimal point, the sign is always
printed in that particular position (i.e., a fixed sign).

8. Ifan M appears anywhere in a- specification, either a blank is printed in that
position (if the number is positive or zero) or a “.” is printed in that position (f
the number is negative).

4. Ifno S or M appears anywhere in the specification, the number is printed as
specified (if the number is zero or positive). If the number is negative, the
specification is trcated exactly as if the first D were replaced by an S, provided at
least one D precedes the decimal point.

5. Only onc S or M is allowed per specification,

If the field specified by any numeric specification is not large enough to hold
the most significant digits of a number io be printed, the number is printed alone
on the next line preceded by two asterisks, It is printed in a standard format
according to type as if generated by a PRINT statement,



INTEGER SPECIFICATION. Any combination of editing symbols (with or without
replicators) is allowed in an integer specification, but at least one 1) must be present.

One S or M can appear. The number is printed right-justified, one digit per D with

leading zeros suppressed and the fractional part (if any) rounded to the nearest integer.
Sraces are printed in all X positions,

Examples

12 PRINT USING 223-1,1,5423,~19.301,-74,183,65
20 IMAGE XDXDXD,DM2DX,S4D,3X5D,DDDDM,X$4D ,

>RUN
-1 1 +5403 -19 74- % 124

.

Note that the fractional part of decimal numbers are dropped after rounding,

FIXED SPECIFICATION. Any combination of editing symbols (with or without repicators)
is allowed in a fixed specification, but at least one DD and only onc period  must be
present. One S or M can appear. The number is printed anchored around the position of
the decimal point (which is printed) with leading zeros suppressed, .
{1f necessary, the fractional part of the number is rounded or ﬁlled with zero¢s
before being printed to the right of the decimal point. One digit or blank is printed per D.
Trailing zerogs are printed. Spaces are printed in all X locations.

Fvamples

12 PRINT USING 2337032,-4.29374,21,-.201,470.32,1.9
20 IMAGE 3XDS3D.5D,MDD.D,3D.X12D,DDD.DD,XMDDD.4D,DD

>RUN
T+832.0808980- 4.3 21. 0220032020 -.00 478.3208 2

FLOATING SPECIFICATION, 4 floating specification is an integer or fixed specifica-
tion followed by E, Editing symbols may be interspersed freely, The most sig-
nificant digits are print from left to right, and an exponent is printed as E*ad,
If a negative numter is to be printed in floating point format, there must be an

S or M in the specification,

Feamnles

18 PRINT USING 203 74.92,-4000008, (32.1,4),1E12,1.5L21
20 IMAGE DDEX,M. DDEXX 4DEX,2(5DEXD

>RUN
T5E+00 - JAQE+86 3212E-22 10020 .,E+P8 15888.,E+17

Note that the imaginary part of the complex number is not printed,

-\




OONPLEX SPOCTIPICATION, The real part of a complex number can be printed usine an

intecer, fixed, or floating specification., The imaginary specification is preccded
by a + or - and consists of an integer, fixed, or floating specification in which
there is no S or M, The only difference is in the treatment of ihe sign, The +

is treated exactly like an S; the - is treated as an X if the number 1s not negative

'and as an S if the number is negative,

To print both the real and imaginary parts of a complex number, the real specifica-
tion precedes the imaginary specification in the same format with no intervening

comma.,

An I is not printed automatically fo indicate imaginary, but if desired, can be

included in the format string as a literal or by using the I symbol,

Exarples

18 PRINT USING 2083(3,2),(2,y1),(oB33,-4),(4333,4),2!
20 IMAGE 3D+DDX,43D¢D-.DE,2(Xe3D=-D4D,1),XXXDD

>RUN
3 +2 +8 J1E+B! .203-4.21 .203 4.81 2l

>Rlljg PRINT USING "XXXDD,+DD"§(21,3),(3,-10)
N

21-10
The I in the format specification is printed as "I"; it mhay be_used' to indicate
that the imaginary part of the number is being printed, The second example prints
the real part of the first number, and the imaginary vart of the second,
The C speciiication 1s a sccond method of formatting complex numbers for output; this
results in formatted output in a form similar to the standard PRINT format (i.e.,
parentheses enclosing two numbers separated by a comina). The C specification is
the letter C followed by two noncomplex numeric fields (integer, fixed, or floatinzg) which
are separated by a comma and enclosed in parentheses. The first field defines the format
of the real part of the number andihe second defines the format of the imaginary part.

Both ficlds must be present. If a noncomplex number is printed using this field, the
imaginary parl is assumed (o be zero. :

Examples

10 FlioT UST .0 28,00, Cuygl)y Caduly=4)
T (3T, DT, ED.T,. .00y, (ST,

), 1
¢T3 D)y T(CD, U XKXDT
> ‘
( 5' +2-)( 03, I1:+.])( ',"-':ﬁ.")(z-.":"f:, A:‘)(_‘_l’ '*,’)
In these examples, the same expressions printed in the first example are printed with

the C specification, dJith this svecification, the imaginary part may have an

M or an S,



COMPRESSED FORMAT SPECIFICATION. The compressed speciﬁcation consi.sts

. of one K and any editing symbols, It prints a number using

. * Examples

only as many characters as are required. The resulting format is identical to that used in
the simple PRINT statement (Section II ), except thai no blanks appear and trailing

zeroes and decimal peints are deleted. This specification is useful when numeric data is
to appear within text,

Framnles

Separators

BASIC/3000 format strings have two separators: the comma (,) and th-e slas}} .(/ ). A
separator is required between two adjoining specifications. The_slash, in addition to
separating specifications, also generates a carriage return-and lmefeed.. Two separators:
can be adjacent. The meaning of adjacent commas is equivalent to a single comma.

| (1 L AT IS .
I T | [ IO BT RS AT Sy Sy
PEIED QUL K RVINDY & A iR I RAVINSS SINKIO I,

[ Wt 1
EERRS V.

2575 43 T+ 00
por AN

nRoCb L

The minus in the IMACE statement suppresses linc feed (but not carriage return)

at the end of the format string., Adjacent commas or adjacent comma and slash are

redundant. Fach slash causes a carrizge return and line feed,

Grouping

BASIC/3000 format strings allow one or more field specifications to be enclosed by
parentheses and preceded by a replicator to indicate the repetition of the entire enclosed
set of specifications. This newly grouped field must be separated from other specifi-
catlions of the format string by a separator. Grouped specifications can be nested
indcfinitely. A

O g



Fyrmrles

5 LET A$="A",B%="B",C%="C"
. 18 PRINT USING 203300802,308,A%,408,53,580, C3,1.5,2.4,3.3,6.6
20 IMAGE 4D4X,3(3D.D/5X,3A)/2(2(D.DX)/)
.>RUN
3028 300.8
A 420.0
B 562.0
C
1.5 2.4
3.3 646
The INMAGE statement in the exanple above 1is exactly equivalent to the fallewine

TMAGE statement:
5 LET A$: "A" , Bsz NB" , C$: "C ”"
18 PRINT USING 2@:5%6,5@5,#\5,430,BS»,S@-Z,C$,1.5,2.4,5.5,6.6
20 IMAGE 404)(,5D.D/SX,Sn,5D.D/BX,3A,SD.D/5X,5A/D.DX,D.DX/D.DX,D.DX/

>RUN

3000 300.0
A 400.0
B 500.0
C

1.5 2.4

3¢3 646

. Carriage Control Characters

The carriage control characlers aie

+ suppress line feed
- suppress carriage return
# suppress line feed and carriage return

These characters specify action to be taken following execution of the PRINT USING
statement, They .specify whether a carriage return and line feed are generated after
the last item is printed, If no carriage control characters are present, a carriage
return and line feed will be provided automatically following each line. This is
the only automatic line control in PRINT USING; within a format specification, the

user is responsible for supplying carriage returns and line feeds with slashes,

Carriage control characters are executed after all other formatted output, but they

must be specified first in the format string.

Examples

18 PRINT USING "#, 3D.2D,3XS6D" ;125,625
. : P[zjs PRINT USING "X3D.DEX,I2A";125,"E STRING"
- R

+125,00  +625 125.BE5+20 E STRING

The carriage control character in line 10 suppresses the avtomatic carriare return and
line Teed followins that PRINT USING statement, and causes the next PRINT USING state-.

ment to print on the sanme line, ~  fn




SECMENTATICON _ SECTION X

Because the maximum size of a BASIC/3000 program is necessarily limited by
memoxry resources, BASTC/BOOO provides lancsuage facilities for

segmenting programs into units that can call each other, Each unit or sub-

program nust be saved in the user's library; from there it may be called by

the currently executing program into the user's work area,

Two statements are used for interprogram transfer: INVOKE and CHAIN; and one

statement, COM, ailow; variables to be used in common by several programs,

. CHAIN STATENENT

The CHAIN statement terminates the current program and begins execution of

another program, optionally starting at a specified statement number.

Form
The forms of CHAIN are:

CHAIN string expression

CHAIN string expression, inteecer expression

The string expression when evaluated is the name of a BASIC/BOOO program that

is in the user's library, This may be a fully qualified file name (see Section

VIII, Files), When evaluated, the optional integer expression is a label in

the called pregram., If present, execution begins at the first executable state-
ment at or after the label; the exact label need not be present in the called
program, If omitted, execution begins at the first exscutable statement in the

called program,

Explanation

CHAIN calls the program identified by the string expression, and it becomes the
current program, When the program called by CHAIN finishes execution, it ter-
minates and does not automatically return to the calling program, The called
program may call another program,including the original calling program, with
another CHAIN statement or an INVOKE statement,

Jo-1-



Only variables declared in a COM statement are saved during a CHAIN operation, All
variables ani arrays of the current program that were not declared in COM are lost
when the new program begins execution, and all files opened in the current progran
are closed,

Examples

MAIN
18 REM..PROGRAM MAIN
20 LET Xz2C3,AzX*%x3
38 PRINT "Az="3A
48 PRINT "LEAVE NMAIN AND ENTER SUBA AT LINE 3g"
50 CHAIN "SUBA" ,32
60 REM..THIS STATEMENT IS NEVER EXECUTED

>GET SUBA '

>20 PRINT "THIS STATEMENT IS NOT EXECUTED"

>SAVE SUBA!

>LIST

SUBA
12 REM..PROGRAM SUBA .
29 PRINT " THIS STATEMENT IS NOT EXECUTED"
38 PRINT "ENTER SUBA - LINE 3g"
48 LET B=125,C=B*x%2
58 PRINT "C="3C
68 PRINT "iZND OF SUBA - TERMINATE HERE"
78 END '

>RUN MAIN

MAIN

A= 8,00000FE+26

LEAVE MAIN AND ENTER SUBA AT LINE 32

ENTER SUBA - LINE 39

~C= 15825

END OF SuUBA - TERMINATE HERE

The main program, MAIN, calls program SUBA with a CHAIN command in line 50,
Execution of SUBA begins in line 30, and execution terminates with the last

line of SUBA, None of the variable values from MAIN are saved following
execution of CHAIN,



INVOKE STATEMENT

The INVOKE statement is similar to the CHAIN statement, exccpt that the calling
program is suspended rather than terminated and resumes execution when the program
.called by INVOXE terminates, The called program can be explicitly terminated

with an END statement, otherwise it is implicitly terminated by the end of the
program, 1n both cases, control returns to the suspended program that performed
the INVOKE, If the called program is terminated by a STOP statement or a terminal

error, the entire run is terminated including any suspended prograns,

Form ' ' _ !

Computer
Museum

The forms of INVOKE are:

INVOXE string expression

INVOKE string expression, integer expression

The string expression evaluates to the name of z BASIC/3000 program in the user's
library, It may be a fully qualified file name, The integer expression evaluaies
to the label of a starting statement,

Explanation

The statements and variables of the current program are saved in a temporary file
created by BASIC/3000 so that execution of the program can be contimed at a later
time, Variables declared in COM statements are pzcsed to the program called by
INVOKE, Files opened in the current program are not closed by INVOKE,

Execution of the new program begins at the first executable statement in the program

or, if specified, at or after the label,. The exact label nced not be present in

the called program,

When an implicit or explicit END statement in the called program is executed,
control returns to the suspended program at the point immediately following the
INVOKE statement, A STOP statement in the called program will, however, terminate
the entire run including any suspznded progranms, |

INVOXE opesrations can be nested; +that is, a program that has been called by

INVOXE can itsclf invoke another program.including a recursive INVOKE of itself,




Examples

MAINX

16 REM, .PROGRAM MAINX
‘ 20 LET A=25

358 INVOKE "suBy"
40 PRINT “CONTROL RETURNS TO MAINX™
50 PRINT "C:zAx18:="3A%19

SUBY
18 REM..PROGRAI% SUBY
20 PRINT "ZXECUTION OF SUBY BEGINS"
358 PRINT "Bz"38%%x=3
40 PRINT "END OF SUBY - RETURN TO MAINX"
58 EWD

>RUN MAINX

MAINX ‘

EXECUTION COF SUBY BEGINS

Bz 1.953132-03

END OF SuBY - RETURN TO MAINX

CONTROL RETURNS T0 MAINX

C=A%]2= 250

MAINX uses an INVOK® command in line -30 to call for execution of SURY, Execution
begins with the first executable statement in SUBY, When SUBY terminates, control
returns to line 40 of MAINX, The value of the variable A has been saved during

‘ execution of SUBY,

[o- 1



Exarple Usinx CHATN and THEVOKE

The example below has four programs: A, B, C, and D, All four programs have been
saved in the user's library, The command RUN A brings A into the user's work area
as the current program, With each successive CHAIN or INVOKE, a new program
replaces the previous program in the work area; in this case A is the final as

well as the first program in the work area,

When D terminates it returns to C, and when C terminates it returns to A because
C was chained to by B which was invoked by A.

H
lr.‘) n‘-::‘l ooPi.".:' Y IR
Sl " IGTIn raluzhin
o oy - IR Tl L Rl 1]
~ & WV N e -
- ooy e T A ] ="
4'-: F?I 1 ":n(,."\ I.‘-' r’.‘fQL;."..--\t', - Lol -I' -
17 B2 e oPRCGELD B
22 PxICGT " ZdTER PrOLRAN 27
- 5 A T M -
O« LN~1a v gol -
47 RZii..COHTRCL SHCULD HZVZIX R=TURN TO TKIS rPCilT
41 nZIi 2UT TC CHALL In Lidz &<
5¢ FRIGT "LCT 70 2% EZXICUTZD - 57
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FTLuS ARD SEGHzNTATICON

Within a progran, a file ic referenced by 1its file number as determined by its
position in the FTILES statemcnt (see Section VIII), When nrograms call one
another with CHAIN or INVOKE, it is possible to reference files that were declared

oy

with FILES statements in cther programs,

BASIC/BOOO maintains an internal file numbéring scheme that assigns an internal
file number to everv file declared in a FILES statement, For maln programs, these
mimbars are the same as the file numbers to which the user refers, Files declored
in a prorram called by INVOKE are assigned internal file numbers beginning with a
value. one greater than the last interral file number., Files declared in a program
‘called by CHAIN are assigned internal file numbers beginning with the same number
as the files in the palling program, Whether the program is a main program, is
called by INVCOKE, orﬁ%alled by CHAIN, the local file numbers used to refer to

files within each program still begin with 1,

When a program calls another program with INVOKE, all the files in the calling
program remain open; when a program calls with CHAIN, the files in the calling

program are closed,

To illustrate:

M1 .
16 REM MAIN PROGRAM Ml

20 FILES A,B,C
38 INVOKE "m2"

M2 :
18 REM SUBPROGRAM 2

20 FILES D,E,F
38 CHAIN "M3"

M3
12 REM SUBPROGRAM M3
20 FILES G,H

The internal and local file numbers for this group of programs is:

Internal File Numbers Local File Numbers
A=1 M1
B=2 A=1
cC=3 B =2
D=4 €c=3
E=25 M2
F=5 D=1

E =2
G=4 _ £
H=5 F=3
. e M3
(6 is unassigned) c =1

}
N

In / H =



By using the #integer file designator in a FILES statement, a program may
reference files declared in another program that invoked it, The value of
the integer is the internal file number of a previously declared file; the
position of the designator in the FILES statement is used to assign the local

file nurber,

Examples
ol
17 FILIS &,0,C
Lol o ~c) T b
<3 PRIGT #l, gV Fie= o
20 PRIT sy lgmoILT T
L5 :LILT sl lgmFILToCv
e~ LR TP T TR IR ]
- ad J.u'\.‘u'.'.' P
2
18 FILZE3 Z,2,7,#3
0TI oaSsIE)]
32 PIINT sl lgmrILs om
4 PRINT RO,y FILT OV
53 FR1ILT #3,13"viLz &
30 REXD 74,13 5
78 FRICT 73
82 SHil.d "ii”
3
" Sy e ~
l\', ~ILZE G,h,#],,‘:g;
(A S Bl N R A
LS Wi ,..DL:,],,_-f,l\]
38 PIILT #1,13" 7107 g»
43 PRI T #?_,l;"?i! T "
53 RInD £3,13. 0
6C FCID 74,1475
72 FR10T 43,08
>n Ui il
l:.l
'.:Y‘:' ~
& b bt o ) -
FiLi . FILT =

¥Within M2, reference to local file #U is the same as a reference to internal file
number 3 (file C), However, the statement FILES D,E,F,#3 is not the same as the
statement FILES D,E,F,C, This latter statement, if specified,would have treated
file C as a logically different file from file C in Ml; +the file would have been
reopened with new buffers and access restrictions, By using #3, there is only
one logical file C and any accessing affects that file, and the file is not re-
opened, In the same way, the statement FILES G,H,#1,#2 in M3 differs from a
possible statement FILES G,H,A,B,
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COM STATEMENT

The COM statement is used to pass data values between sermented rrograms, Varlables
-specified in a COM statement are placed.in a common area so that values assigned to
these variables in one program will be retained when transferring to another
program with CHAIN or INVOXE, This area is known as a COM bleck, There may be

more than one COM block, and it may or may not have an identifying label,

COM statements nust precede all DIM,'I}ﬁe, or DEF statements in a program, All
typing and dimensioning of variables 1is done within the COM étatement, and any
variables that appear in a CCM staterent must not also appear in a type or DIM

statement in the sams progran,

BASIC/BOOO permits ten COM Dblocks for each run; ~ one unlabeled and nine
labeled uniguely with the digits 1 through 9,

Form

The forms of the COM statement are:

COM com item list
COM (non-zero digit) com item 1ist

The com item list consists of a list of variable declarations, Simple variables

are indicated by the variabie name; arrays are indicated by the array name and a

bounds indicator, The bounds indicator is equivalent to the dimension specification
used in a DIM statement if the Dblock is being creafed: it indicates only the numter
of dimensions 1If the block has been created and is currently active, The number of

dimensions are specified with (*) or (¥,*),

The type of items in the com item list is assumed to be real unless the variable

name contains a $§ to indicate a String_Variable, or the varlable is preceded by a type
specifier (INTEGER, LONG, COMPLEX, or REAL), The type specifier assigns that type

to all succeeding variables until the end of the 1list or the next type specifier or

string variable,

The optional block indicatior is specified as a nonzero digit between 1 and 9, This

assigns a label to a block being created, or specifies an existing labeled block,

Explanation

Prograns execute in BASIC/BOOO on a dynamic level basis, The original progranm
run with the RUN command starts at level i1, When a CHAIN is executed, the new
program executes also at level 1 since the old program terminates, However, when
an INVOKE is executed, the new program executes at level ntl where n is the level
of the invoking prorram, When control returns to the invoking program, the level

is reduced to n. lo~ %




COM blocks become active whenever a program declares a COM block that is not
currently existing or active, COM blocks created at level n are active until

the dynamic level drops to n-1 or the run terminates,

If a COM statement references an inactive COM block, then numerie bounds for the.
arrays and strings are specified as in a DIM statement, If, however, a COM statement
references an active block, then itvheed only indicate the number of dimensions,

For a one-dimensicnal array or a string variable the variable name is followed by
(*), and for a two-dimensional array or a string array the variable name is fol-
lowed by (*,*), The (*) can be omitted for simple string variables and will be
assumed, Numerie bounds ma2y be specified for an active COM block, but in this

case they must be identlical to the original COM statement bounds,

CORRESPONDENCE RULES, All variables in COM statements that reference an active
COM block must match exactly in type, number of dimensions, and order within the
COM statement, Also if dimension size is specified instead of the ¥, these must
match exactly, The names of corresponding variables need not be the same since
equivalence is based on the order of appearance of the variables in the COM state-~
ments, A COM statement defining an active block must contain the same number of
elements as the COM statcﬁent that created the block, More than one COM statement

in a program can define the same block if the statements are contiguous,

The order of elements in a COM statement, or in more than one contiguous COM statement,
implies the order of the variables in the COM blnck,

The rules governing correspondence between COM statements are checked when a

CHAIN or INVOKE ‘statement is exeéuted. If any of these conditions is not met,
a8 terminal error occurs, )

Examples

Program Alchains to program Blwhich in turn chains to program Clk

!

12 CCH 3,55(2),C,IHTEGEN P,=I5),LCRG FI5,2)
53 CGi.(5) «,200FLIX L,0508,01,7
&2 LET 5=z12,23z".0C00E",028.0.35,0=1
4 AT RERD Z,F :
20 Chla 1Sy iyt e IR 2 0L 0, L2 T, ba 3], 1 7808, 000010
3% :.‘"lTi'l l.:7JL‘¢,1.571-'$,1.:7'_,"5,l.'i}.;__ll
70 LIT Lzl90daT ya s (luadya)y 2l ol
8o A1 REIaD L3
92 LaT. MilM,MCO"
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In this example, program Al creates the unlabeled COM block and also COM block 5.
Program Bl references the unlabeled COM block and prints the data assigned to that

block in Al,

that block in A1,
variables is indicated by (*)

{0 -1

Program Cl references COM block 5 and prints the data assigned to
In both.Bl and C1, the number of dimensions of subscripted COM

or (*o*)-



Assume that prosrram DI chains to program El:

-1
1o CCL(S) £13,31,148TT03a O0<, 5]
- - :‘_,,.y,
& T 21D,
. ~yr - " -0
“1 s - -4
-1 o
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>0 U Jl
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-
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2 2 Z Z ¢
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I ¢ 3 g ¢ z
o 1 d 2 2 2
3 3 l g z 2
2 3 c I Z S
2 - 2 S W I ¥/
-
2 < 2 g < 1

In this example, program Dicreates CCM block 9,  and program Ejreferences the data

in block 9, Actual numeric bounds are specified in the COM statement inEl . This

is legal only if the bounds are identical to the original bounds specification,
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In the foliowinm exanmple, execution of the four programs starts in W;
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ridl T MAZRNLNATT DL LY.




[ ]

-
.
RN

>
t
1

"

R Y d
lolu./u‘_.,‘.gn.- Tul

) —‘—‘n—x,—;v‘n'_’_ 1

— o PRV SV ¥

7 ‘r-~~ﬁ,~,|"'l.'1|+7
\5. [VEV P EPRVEY T

—

T

=

TG

X

l e Re e Bl e BT K BT
~lp-.,.. [V EVEVICEGEV B ‘ru_.

r

+ - % Y|
L ew ve vaocimwowwt

- £ . .

g~

e
]
-

— 0 e a uvuuuuus_Tul

Er RN B .-
P ISR R R |

~ 7
v oel. L

v e e

4 4
.‘—oJJu!Jquvb._,r

L1

o

L

~ T LY -~ A I TP
éoldu-a-ubudcl..'*'uﬁ. LOC-U~QUJ~JV~LT¢’:.

AT A T T, Tt eyt oz ey -
3.1094"'uJu\uL+u.., S el vvuewnluenllt oL
TP o T
:\.-IEJA-.- 1\1 "
.
= s - ’ T -
Vk‘v.‘( 4 . v -
o7 T »
ll. [ [PV L4 5")
. ~no -
1. 2-- 2C.(4)=
. | m ey e
i 112 orL Lo
| IR M SRS
- L I A
Y e e s -
G ded Ll e L
e . —~—
1zis .12 16 L

Note that Z can create a new COM block 4 since execution has dropped below the dynamic

level 2 at which X created the first COM block 4,
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The follorine thvee exammles 1llustrate 41llersal COM usares

As~mr #hod cammvgm ™ Anenalen wreeean Gl

®
13

el
[SAVEY]

(1 <01, 121,00

WL BI12,13)

22 1inT n=CO.
S wnT ©=Z 7%
47 ILVCKZ "cCL”
Gl
13 2CHAL)Y LG Zl¥,<),75.L Zhx,x]
Lo il r.‘;l -T D,:
>Tud il
}f
COM H0T 3ANT 43 FIRST QOCZuszT.oT 10 £l
N
~

This 1s illegal because the corresponding variables in the two COM statements do

not agree in type and order,

this would be a legal example,

. Assume that ciograw TR chains 1o

EE i
.. I Fpe
l: Cvi't(7) !,.g[}a ,J],..‘[c_,)]
22 T 22130
3% T AEZsD AS
- -— P e — "w o oWy s AT
"‘lx; Dr\lll’l "r ;'V.JL'.“,"FV.‘IJ 9 \.'..l;..c
~ s - . '
53 CHEALL "JJ°
JJ )
12 CCHCT) 2Six1,00%,x*]
o) PRINT U5
33 T PR1INT D
SRS
}.}. o - a-— -~ - o ~m o~ —apm - 1 -
G 201 oAalls .o r-J;DT velbdivnooo ..

program JJI s

‘ This is illeral because 03 is a simple string

/6 - 14

If the type references were interchanged in program Gi,

dJ

variable, whereas A$ is a string array,



Assnme that prosram K1 invokes program P1:

¥

.
17200 (8) XKl ,+)
N N I A
O :
57 T PRILT X

sl

1S CI0EY YL T,8)
z 1 Y=Z T

> )|

NMISITNS OZUTESCTIPRT SEECITICATLC I Fae.ol OLLULTLlI O UE ZCn sn

This is illegal because the creator of a COM block must specify the actual physicaln

size of arrays and strings, If, however, Pl invoked K1 this would be a legal
example,
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COMMUNICATICN WITH NON-BASIC PROGRANS SECTION XI

A BASIC/3000 uzer can access an SPL/BOOO procedure or a FORTRAN/?OOO subprograh
from a BASIC program with the CALL statement, As mentioned in Section I, he can
enter MPE/BOOO with the SYSTEM command or by pressing the Break Key, Once under
control of the MFE/3000 Operating System, he can use all the facilities of that

system,

Care should be taken when usineg SPL or FORTRAN since these procedures are not
controlled by the BASIC/Interpreter and errors in them can propagate into the
Interpreter causing indeterminate results, CALL should, therefore, be used only

by exrerienced programmers and with caution,

CALL STATEMENT

The CALL statement calls for execution of an SPL/BOOO procedure or a FORTRAN/BOO”
s»bprorran that exists in one of the hPE/BOOO secmented procedure libraries,
Parameters may te passed to the called rxccedures, The search for an external

- . prreneter heging *n the group litrary, (qeiprv%\ffgi-grogramming Fxecut*ve QOprerating

Systen, 03000-90005.) o

Ferrm

The forms of CALL are

CALL procedure namne

CALL procedure nane (actual parameter list)

¥ precedure nape

* procedure nane (actual paramter list)

- The TvAnedtrs nare jdentifies th~ rracedure or subrrosran being called,

Thn ortionzl ~~4nal r-avameter list rav cnntain numeric or strinz expressions,
variablas and avrav ramas followed by bend indicators (¥) or (*,*), Anything
that can be passed to a function (se~ Qection V1) ean be passed in a CALL
stater~-1,

. The asterisk may be used interchanreably with CALL,

=1




Explanation

. CALL transfers control to the beginning of the specified procedure, There is

no automatic return to the calling program, Files opened in the BASIC program
may not be referenced in the called prcgram,

If parameters are specified, they are passed by referénce as address pointers
rather than by value, If the parameter 1s an expression, a temporary variable

is created by the Tnterovreter to contain the valve of the evrression,

In addition to the varanmeter addresses, BASIC/3000 passes tﬁe nunber of paramefers
and also code words describing the parameters (one code word for every three

parameters), The code words are followed by the parameter addresses,

The parameterlinfﬁvﬂat*on v=~d by the rrngran or rrocedrrs beine aalled dc ept

un antomatically by the BASIC/200" Tnterrreter when the CATL siatement is executed,
Dependins on the called rrogram, valves may te retvrned to the BASIC program in
the srecified parameters, The Tormats of fhe rarzmeter address table and of the
ﬁarameter values 1s contained in Avrendix F, Pararcter Format, This information
is useful primarily 1f the BASIC vser is writing or medifyving the called progzam.
Otkerwise, he only nn2ds to know the type and the order of the parameters uced in

the callnd rvogram ir order tc sprcify them in the CALL statenent,

Examples

- The first example calls the FORTRAN segment BOOLEAN containing three subroutines

that perform Boolean operations, The first subroutine LAND porforms a logical AND,
the second LOR performs a logical OR, and the third LNOT performs a logical NOT,
Each subroutine is called with a different CALL statement and the result is printed
upon return to BASIC,

The second example cals an SPL subprogram TESTBIT that performs operations on a |
bit array, The subroutine has three entry points: the first is the subprogcan name

TESTBIT that tests the nth bit in the array and sets a result variable to one or zerog

the second entry point SETBIT sets the nth bit in the array to 1; the third entry

point RESETBIT resots the nth bit to 0,

Each subroutine is listed (TESTBIT with explanatory comments) following the BASIC

CALL statcments and this list is follewed by an SL (Segmented Librafy) list requested
after tho segment is added to the SL, " PP




1, Calling FORTRAN Subroutines

1@
20
30
408

>RUN

1

10
20
390
40
>RUN
%}

10
20
30
40
>§UN

INTEGER X,Y,Z
LET X=1,Y=0

* LOR(X,Y ,2)
PRINT 2Z

INTEGER X,Y,Z
LET X=1,Y=0
CALL LAND(X,Y,Z)
PRINT Z

INTEGER X,Y,Z
LET X=1,Y=2
CALL LNOT(Y,Z)
PRINT Z

The FORTRAN segment containing subroutines LAND,'LOR, and LNOT is listed below.

The conment lines deseribe the parameter restrictions,

Note that all three

paraneters should be integers,

The user should refer to the HP 3000 FORTRAN reference manual (03000-900074) for
instructions on writing a FORTRAN subprogran,

$CONTROL

OO0

SUBR

LO

RESULT = A

RE
END

USLINIT, NOLIST, SEGMENT=BOOLEAN

OUTINE LAND(A,B,RESULT)

PERFORNMS BOOLEAN-AND ON "A™ AND "B", RETURNING RESULT IN
"RESULT". "A" AND "B™ MUST BE TYPE INTEGER SIMP. VAR. OR
EXPRESSION; "RESULT"™ MUST BE INTEGER SIMP. VAR.(SUBSCRIPTED
OR NOT),

GICAL A,B,RESULT

+AND, B

TURN

$CONTROL SEGMENT=BOOLEAN

- SUBROUTINE LOR(A,B,RESULT)
c PERFORNS BOOLEAN-OR ON "A"™ AND "B", WITH RESULT RETURNED IN
c "RESULT". PARAMETERS ARE SAME AS FOR "LAND".
LOGICAL A,B,RESULT
RESULT = A +OR. B
RETURN
END

$CONTROL SEGMENT “BOOLEAN

SUBR

OUTINE LNOTCA,,RESULT)
PERFCRINS BOOLEA{-NOT ON A", RETURNING RESULT IN "RESULT"'

"A* AND "RESULT" ARE SaME AS FOR " LAND".
LOGICAL A,RESULT
RESULT = .NOT A
RETURN

END

o

.



After the FORTRAN segment BOOLEAN is compiled, it is added to the SL (Segmented Library)
using the Segmenter. An SL list is then requestod that shows the segment BOOLEAN
as the only segmoent associated with the user's group/ﬁccount STUDENTS,CLASS s

sFORTRAN BOOLEAN

PAGE 0081 HEWLETT-PACKARD 321082A.00.2 FORTRAN/3000 TUE, MAR 27,
1973, 5:55 AN

00200008 $CONTROL USLINIT, NOLIST, SEGMENT=BOOLEAN

END OF PROGRAM | ’ -
+SEGMENTER &
SEGMENTER SUBSYSTEM (1.2)

-USL $OLDPASS
-SL SL

-ADDSL BOOLEAN
-LISTSL

SL FILE SL .STUDENTS.CLASS

1

SEGMENT  © BOOLEAW LENGTH 30
ENTRY POINTS CHECK CAL STT ADR -
LOR 141400 c 6
LNOT 141000 c 1 ")
LAND 141400 c 3 15
EXTERNALS " CHECK STT SEG
USED 2200 AVAILABLE 3756080
-EXIT

END OF PROGRAM

Library usage is described in the HP 3000 Multi-Programming Executive Operating
System manual (03000-90005A).



2, Calling an SPL Procedure

The SPL procedure WHOM is called by the BASIC program ZELDA, WHOM returns the
username, group, account, and home group with which the user logged on, The
BASIC program uses this information plus the current time and date from the
DAT$ function to print output as if from ZELDA, the fortune teller,

The username, account, grcup, and home group are stored in string variables
used as actual parameters in the call to WHOM.

The BASIC programs

ZELDA .
18 D$=DATH(1,27)
20 MAT READ M3
3p CALL WHOM(U3,G$,A$,HD)
49 REM
58 REM
60 PRINT LIN(2)3"I'M ZELDA THE FORTUNE TELLER,"
786 PRINT "I CAN TELL YOU A LOT.”
890 FOR I=1 TO 11
S0 IF POS(1$[(11,D3[6331) THEN 112
190 NEXT 1
110 PRINT LINCI)3"CN THIS "gmM$IIIs" "'DEB$(D$[IZ 21)3FNCSOD LI, "
125 FRINT "IT°S ";DEb3(DBI[22351)3" O CLCIR.”
138 PRINT LIN(l) "YOUR ACCOUNT NAME IS " ‘343DEES(A$); '34","
148 PRINT "AND YOU RE IN GROUP ™ *34; DED$(G$)"34" " -
150 PRINT LINC1)$"YOUR SIGN-ON WAS “'34 DLB$(Ub),'54
1686 IF LEN(DEBS(HS$)) THEN DO
170 IF G$<>H$ THEN PRINT "AND " *343DEB$(H$)3 *34™ IS YOUR HOME."”
180 ELSE PRINT "AND YOU'RE IN YOUR HONME GROUP."
199 DOEWND
208 ELSE PRINT "AND YOU HAVE NO HOME GROUP."
212 PRINT LINC1);"BUT ENOUGH SAID FOR NOW."3LINC2)
220 REM
230 REM sk koo ok Kok Kok ok ok sk Kok kK o
243 REM
250 DEF FNC$(C$)
268 IF C$="1" THEN RETURN "ST"
279 IF C3$="2" THEN RETURN " ND"
280 IF C$="3" THEN RaTURN "RD"
290 RETURN " TH"
3088 FNEND
3196 DIM Ds(27]1,U%(81,A 18], G$[8] H$I81,M$[12,9]
320 INTEGER 1
3308 DATA "JANUARY" ," FEBRUARY" ,"MARCH" ,"APRIL" ,"MAY" ,“JUNE" ,"JULY"
340 DATA "AUGUST","SEPTEMBER","OCTOBER"," NOVENBER"," DECEMBER"



When ZELDA is run with username JOHNDOE, group and home group STUDENTS, and accoﬁnt
E . CLASS, the result is:

1°M ZELDA THE FORTUNE TELLER,
1 CaN TELL YOU A LOT.

ON THIS MARCH 3@TH,
IT'S 4:35 0°CLOCK.

YOUR ACCOUNT NAME IS “CLASS",
AND YOU'RE IN GROUP "STUDENTS™,

YOUR SIGN-ON WAS “JOHNDOE",
AND YOU'RE IN YOUR HOME GROUP.
c.

BUT ENOUGH SAID FOR NOW.

‘ When ZELDA is run with groupname PUB, the result is:

I1°M ZELDA THE FORTUNE TELLER,
I CAN TELL YOU A LOT. '

ON THIS MARCH 32TH,
IT'S 4:38 0°CLOCK.

YOUR ACCOUNT NANME IS “CLASS"™,
AND YOU'RE IN GROUP "PUB".

YOUR SIGN-ON WAS "JOHWNDOZ",
AND “STUDENTS"™ IS YOUR HOME.,

BUT ENOUGH SAID FOR NOW.




SPL procedure WHOM is listed here:

$CONTROL USLINIT, NOLIST, SUSPROGRAM, SEGMENT=ZELDA

BEGIN |

PROCEDURE WHOMCUSERNAME,LOGONGROUP ,LOGONACCT,HOMEGROUP);
BYTE ARRAY USERNAME,LOGONGROUP,LOGONACCT,HOMEGROUP;

BEGIN
EQUATE CODES3:=1{6/1,5/1,5/11, <<CODEWORD FOR THREE STRINGS>>
CODEI=[6/1,12/8); <<CODEWORD FOR ONE STRING>>

INTEGER DELTAQ:=G-23 <<DELTA-Q IN STACK MARKZR>> .
INTEGER POINTER NUMBER; <<WILL POINT TO # OF PARAMS PASSED.
" NUMBER(1)>™ AND "NUMBER(2)" ARE
CODEWORDS PASSED BY INTERPRETER »>>
INTRINSIC WHO3 | ..

<<>>
@NUMBER: =@DELTAG-DELTAQ+ 1}
IF NUMBER=4 AND NUIMBERC1)=CODES3 AND NUMBER(2)=CODEl THEN
IF  USERNAME(-2)>z8 AND LOGONGROUP(-2)>=8 AND LOGONACCT(-2)>=8
AND HOMEGROUP(-2)>z=8 <<” 444(-2)" IS PHYSICAL LENGTH>>
THEN BEGIN
WHOC, , yUSERNAME,LOGONGROUP ,LOGONACC T,HOMEGROUP) ;
USERNAME(-1)¢=LOGONGROUP(-1)s=LOGONACCT(-1):=HOMEGROUP(-1):=85
<<SET LOGICAL LENGTH OF STRINGS>>

-

END;
ASSEMBL&(EXIT @) <<IN CASE OF ERROR IN CALLING SEQUENCE, LET
INTERPRETER CLEAN UP STACK ' >>
END; <<PROCEDURE WHOM>> ' .
END.

‘The WHO intrinsic within WHOM is an OPTION VARIABLE procedure that s;ts the logical

length of the strings, The SPL procedure verifies the calling sequence by first
checking the number of parameters, then by looking at the type codes in the code
words, This reutine verifies that the physical length of the strings is at least

- large enough to contain the strings returned by WHO, The logical length of the

strings is stored before returning to BASIC.

The EXIT O (rather than EXIT) leaves the parameters in the stack in case there
was some error in the calling sequence, FEcr this reason, EXIT 0 should be used

whenever exiting from an SPL procedure,

The user should see the HP 3000 Systems Programming Languazge reference manual
(03000-90002A) for instructions on writing an SPL procedure,
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After ZELDA is compiled, 1t is added to the SL (Segmented Litrary) using the
Segmenter, Then it is listed, showing entry points, external procedures, its
. ' length, and so forth, See below:

sSPL SPLPROG

PAGE 823! HEWLETT-PACKARD 3213BA.01.2 SPL/3820 FR1, MAR 38, 19
3, 3:53 AN

g0200000 00008 0 $CONTROL USLINIT, NOLIST, SUBPROGRAM, SEGMEN

T=ZELDA
PRIMARY DB STORAGE=70823 SECONDARY D3 STORAGE=720002
NO. ERRORS=€32;3 NO. WARNINGS=020
PROCESSOR TIME=0:20:02; ELAPSED TINE=Q:20:39

_END OF PROGRAM

- 3$SEGMENTER
SEGMENTER SUBSYSTEM (1.2)
~ -SL SL.PUB
-USL $OLDPASS
' -ADDSL ZELDA
~L1STSL
SL FILE SL .PUB.CLASS _
SEGMENT @ ZELDA : LENGTH 100
ENTRY POINTS CHECK CAL STT ADR
WHOM e c ] )
EXTERNALS CHECK STT SEG
WHO 2 2 7
l .
USED 1602 AVAILABLE 27220
-EXIT |

END OF PROGRAMNM

For SL litrary usage, see the HP 3000 Multi-Programming Executive Operating System
. manual (03000-90005),
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SYSTzM/ RISUME CONMMANDS

The SYSTEM command is used to enter control of the MPE/BOOO Operating Systen,
The user's activity in BASIC/BOOO is suspended and may be resumed with the RESUME

command,

Form

The form of SYSTEM is:
SYSTEM

The form of RESUME 1s:
RESIN ’

Like all BASIC/3000 commands, the prompt for SYSTEM is ;}. The prompt for RESUME
‘1s t since RESUME is entered fronm MPE,

Explanation

When SYSTFM is tyved, BASTC is suspended and the user enters MPE/3000, A colon (:)
is outrut as a prompt sienal and he may then tvpe any MPE commands, The BREAK key
may also be used to snsrend BASTC.:Uswally.there is no difference between the

BREAK key and the SYSTZM command, However, when using BASIC in the batech
Processine rode {see Secticn XI) or at a terminal that dres not have a BREAK rey,

the SYSTEM command is the only way to enter MPE without terminatinz BASIC,

When threu~h with MPE, the user returns to the suspended BASIC oreration by tvrire
RESUME,

Examples

>]® DIM A$(72)
>28 READ Al,AR2,A3,A4,A5
>SYSTEM

" sBUILD AA$REC=-72,,,ASCIIsDISC=128
tRESUME
>30 PRINT #1,1341,A2,A3,A4,A5
>»40 RESTORE #1
>50 LINPUT #13AS%
>60 PRINT A%
>78 DATA 10,20,30,40,50
>88 FILES AA
>RUN ' i
108 29 30 43 50

In this exarrle, the user leaves the BACTC progran to create an ASCIT file, This
can only be done with the NP? BUTLD command, Aftier creating the ASCIT file, he

returns to BASIC with RESUME and uses the ASCII file,




NON-INTERACTIVE PROGRAMS . ' SECTION XII

BASIC/3000 has the capability'to enter programs in a non-interactive manner., This
batch processing capability allows the user to input from a card reader or paper

tape and to print output'on a line printer or punch it on paper tape,

CARD R*ADZR/LINE PRINTZR

If the user has access to a card reader and a line printer, he may punch his RASIC
pregram on carids and input it throuch the card reader arnd receive outrut on the
line printer, 1In addition to the BASIC program cards, he will need a :BASIC co~mand

card preceding his program deck, The deck may include any BASIC commands as well as
statements,

tBASIC Command

This card informs MPE/BOOO Operating System that the following cards are a BASIC

. program, The :BASIC comrard has the form:

$BASIC commandfile irputfile,listfile

Any or all of the parameters may be omitted; Position of parameters is significant

86 commas musi be lnclwied wnen leadinz paremeters »xe omitied, The parameters

have the meanirg: -
commandfile BASTC sutsysteﬁ input; 211 commands ard statements of BASIC progran,

ne-‘-"av_ﬂ t {e (‘QmT".
inputfile BASIC program input; contains data input to BASIC through
INPUT, ENTER, or LINPUT statements, Default is $STDIN,

listfile BASIC program outrut; receives data output from BASIC program,
Default is $STDLIST,

$STDIN is the current input device, Thus, when input is from the card reader, $STDIN
is the card reader; when input is from the terminal, $STDIN is the terminal,

$STDIIST is the current outrut device, When the card reader is used for input, the
crrrant  outnut device is the line printer; when the terminal is used, the output
davice is also the terminal,
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xarnlen~

1, Suppose the vser is inputting his program from the card reader with output to

the line printer, but all the data used by the program has been stored on a
disc file called IN, he uses the :BASIC card:

$BASIC ,IN

The comma signals that the commandfile is the default file $STDIN, The default

$STDLIST is used for output but since this is at the end, no comma is needed.

Note that this card entered as a command weuld perform the same function if input

and output were both at the terminal with data input from IN,

Suppose the user is inputting his program and data at a terminal but wants output
~on the line printer:

sFILE PRINTER;DEV=LP
$BASIC ,,*PRINTER

The file named PRINTER is assigned to the line printer with the :FILE command, It
is named in the :BASIC command to replace the $STDLIST which, in this case, would
be the terminel,

-

This would be useful at a terminal that does not print the output but displays it

on a CRT screen,

Deck Structure

In addition to the :BASIC card and the prrosram deck, the standerd MPE/3000 command

cards for runninz a job mnst be used, These are the :JOB card preceding all other

cards in the job and the :R0J card to terminatc the job, Also, it is good practice
to put an EXIT card at the end of the BASIC program deck followed by an :EQD coa~v,

Tha 20D card must also follow any data inclvded in the d=ck,

Besides these cards, any other MPE/2000 cards needed for the job may be inecluded,



A deck structure with a BASTC prrocram and a data deck is:

-

y e S A\M‘ Mo¢ _/?.coa Commaunds
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{
‘rg:-.s\c Peoqram Leck. | v
fBASIC Command |-

e A I"\L\ H PE l/gcoo (ow‘ma\‘u’IA
EJOB Commaucl :
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PAPER TAPZ

At a terminal with a paper tane punch and realer, the user may write his
prorrams on raper ta?e and read them from paper tape, Commands are provided
by BASIC/3000 that emable the terminal user to prepare and use paper tapes. '

PREFARING A PAPER TAPE

A praper tape may be punched on-line using the PUNCH command, or it may be punched
off-line,

PUNCH Cnrrmand

The PUNCH.comm~d 1lTAW$ the vrser to runch commands, prosrams, and data while operating
In intewantive (Oﬂéi*ﬁa) mode at the tev—irad, T+ acrents téo rorrectiva 2nnt--1
chavantors u” ang Yn, Followirg each line, PUNCH autnmatically inserts an X-CFF

j)unch precedins the carriage return and linefeed, A paper tape prepared by PITNCH

mav he read with the ™% ro~mard, but nct the SPOOL command,

Roym

PUNCH [ first [ - last]] [. , OUT = asciifile ] [ ,RECSIZE = number]

Where first and last specify the range of statements to punch (default is 1 to 9999) and
asculee specifies the output file (default is normal list file). Control characters are

inserted, as required, to allow reading the punched pregram back through a tape reader.
Note that the PUNCH command 1is identical to LIST excent that tre ~ndiput is
preceded and followed by headers and trailers of null characters, If the OUT

paramater is not included, the punched program is .listed at the terminal, '
Fvrlarnation :

Before iyping PUNCH, the user tyres the progran or data as usuallfollowing each line
with a carriage return, Any necessary commands for program control are entered just
as they wounld be if running at the terninal, Then the user inserts the parer tape in
the tape punch, turns on the punch, and types FUNCH, If he has made correctlions with
H® or X°® these corrections will be made on the tare,

If only a portion of the vrosram is to te punched, the first and, optionally the

last lines to be punched can be snecified, If a maximum record size other than 72 is
needed, it can be specified with the RECSIZE paraneter,

r——..

Each{recond pnnched'contains a line of data, a program statament, or a ccm~and,

PUNCH automatically terwjnateq each record Wluh an X-OFF punch | o

PHo Y OPF uvho"4n° the carriace ‘return on tho tape, and a

line feed follows the carriase return, The form is:

out~it-record  X-OFF carriace voturn linefeed
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Examples
PUNCH 10-200

. Lines 10 through 200 of the current BASIC/3000 program are punched on paper tape
' PUNCH ,0UT=AA

The entire current prosram is punched on paver taﬁe: it is listed on the asciifile AA

PUNCH 500,RECSIZE=132

The proeranm is punched starting with line 500 and endine at the end of the progran,

A record size of 132 characters is allowed,

Punching Tapes Off-line
To prepare a RASIC prorram on paper tave, the user must:
1, Turn teleprinter control knob to “LOCAL",
2, Turn on the tape punch by pressing the "ON" button on the punch,
3, Type a series of null characters using the “HERE IS" key or P° (@),
This punches leading hecles on the tape,
L, Type the program as usual follcwing each line with a carriage return,
‘ 5. Type a series of null characters using the "h<HK 1S" key or PC(@).

This punches trailing holes on the tape,
6, Turn off the tape punch by pressing the "OFF" button on the punch,

-

When programs are punched in this way, the H® and x© keys must not be used for
corrections, Instead the user presses the backspace button("B,SP," )on the punch
and then the "RU3OUT" key to physically delete the previous character from the

raper tape,

If the punch-d tapn is to be read by TAPE, the user must oressthe X-OFF character
following each line before he presses the carriage return, X-OFF is a key on the

teleprinter keyboard,




READING A PAPER TAPR

Two commands are provided to read parer tapes at a terminal equipped with a paper
tape reader, They arec TAPE and SPOOL, When the reading is done, the command KEY

returns the user to the terminal for further interactive execution,

TAPE Command

The TAPE command 2llows the user to read cbmmands, programs, and data through a
paver tare reader connected to the termiral, Only tapes that contain an X-COFF

character after each record can be read with TAPE,
Form

TAP®
Explanation'

After typing TAPE, turn on the tape reader, The taps will be read until the end of the

procram or pregrams on the tare, If the tane contains data to be inrut, as mech data
is read as was recvested by INPUT,RNTER, ~» LINFUT, or until the end of the tape,

When throuch weadine fram tane, the user returns to terminal mede with the K@Y commard

SPOOQT, CormanAd

The SPOOL command is uczed to read paper tapes that have not been punched with

X-OFF, _ -

Form
SPOOL

Explanation
After typing SPCOL, turn on the tape reader, When the tape 1is through, the user
tvras the control key Y® to terminate the tare, At this point, any error messages

are orinted at the terminal,

KEY Cormand
The KEY command returns the terminal user to terminal mode following completion of

a taps read using TAPS or a file read with ¥EQ,

Formn
KeY
Explanation
When K&V 1« tyred, the inmut mode entered with TAPE or XEQ is terminated and the user

is returnsd to the terminal for further interactive execution or to log off,

.|z'<,



TEPUT FPCM ®TLES

If A~ta, ~ammande, Aw ~veoovrams are stored on an ASCTT f4le, the terminal uvoe~ may

requast innut from this file with the XE) command,

Form
XEO asctifile [,ECHQ"J.

The asciifile has been ereated ard contains data, c~~~ands, or rrocrams the user
needs, If ECHO is srecified, the records from the asciifile are listed on the

terminal as they are innut,
Explanation

When the YED command is entered, the srecified file is read until it reaches an
end-of-file, At this point it returns to the current program, If the program

was entered on cards with the :BASIC ccmmand, conircl returns to the command file
specified in that command, If the user entexred the XEQ command from the terminzl,
KEY may be tyred to return the user to terminal mode tefore the end-of-file, or if
the command w2s entered from paper tape, the TAPE command returns the user to tape

mede,

Another XEQ command will eclose the first file and open a new one,

Fxamp’es

- o

‘n ASCII file BATCHJOB contains the commands to GET and RUN three pregrams (AA, BB,
and CCC) stored in the user's library, In order to run 21l three progranms

at a terminal or in a BASIC card deck, only the command XEQ BATCHJOB is recuired,

This is illustrated in the examples below, one with the ECHO parameter, one without:

>XEQ BATCHJOB,ECHO
GET AA

RUN

AR

END OF AA

GET BB
RUN

BB

END OF BB

GET CCC
RUN

‘l' cccC
END OF CCC

FCHO eavses a 1ist of tha cnrrmande Ip RATOUICR,  Yhen ecach prersrar 3o run, it ontputsz

a messare that 1t is threuch, This is rovt Af the individual prorsrams, not RATCHIOR,

1.2--7




The example telow without ECHO runs each program consecutively in the same way
as the previous example, but it does not 1list the commands contained in the file
BATCHJCR:

>XEQ BATCHJOB

AA
END OF AA

BB
END OF BB

- CCC
END OF CCC
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APPEIBIX 4

'. ASC Gharaeter Sef

Graphic

Decimal
Value

DO b b bt ek et e ek et e
owmqmmhwmucwcoqamawwuo

D NN NN
QU QoD =

26
27
28
29
30
31
32
33
34
35
36

Comments

Null

Start of heading
Start of text

End of text

End of transmission
Enquiry
Acknowledge

Bell

Backspace
Horizontal tabulation -
Line feed

Vertical tabulation
Form feed

Carriage return
Shift out

Shift in

Data link escape
Device control 1
Device control 2
Device control 3
Device control 4
Negative acknowledge
Synchronous idle
End of transmission block
Cancel

End of medium
Substitute

Escape

File separator
Group separator
Record separator
Unit separator
Space

Exclamation point
Quotation mark
Number sign

Dollar sign



Graphic

+ #="~ g

-

2<cemzo1ozzrzhH:mqmuow>@wvnAvummamm»wmuo\f

Decimal
Value

37
38
a9
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
4
75
76
1 .
78
79
80
81
82
83
84
85
86
87

hooe

Comments

Percent sign
Ampersand
Apostrophe
Opening parenthesis
Closing parenthesis
Asterisk

Plus

, Comma

Hyphen (Minus)
Period (Decimal)
Slant

Zero

One

Two

Three

Four

Five

Six

Seven

Eight

Nine

Colon
Semi.~nlon
Less than
Equals
Greater than
Question mark
Commercial at
Uppercase A
Uppercase B
Uppercase C
Uppercase D

" Uppercase E

Uppercase F
Uppercase G
Uppercase H
Uppercase I

Uppercase J

Uppercase K
Uppercase L
Uppercase M
Uppercase N
Uppercase O
Uppercase P
Uppercase Q
Uppercase R
Uppercase S
Uppercase T
Uppcercase U
Uppercase V
Uppercase W




Graphic

» =S N

4

zw—mN%x€<gﬁm HQ'UO:’B"‘W"""“S"(N N - -

Decimal
Value

88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
- 110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

Comments

Uppercase X
Uppercase Y
Uppercase Z
Opening bracket
Reverse slant
Closing bracket
Circumflex
Underscore
Grave accent
Lowercase a
Lowercase b -
Lowercase ¢
Lowercase d
Lowercase e
Lowercase {
Lowercaseg
Lowercase h
Lowercase i
Lowercase j
Lowercase k
Lowercase ]
Lowercase m
Lowercase n
Loweorecace o
Lowercase p
Lowercase q
Lowercase r
Lowercase s
Lowercase t
Lowercase u
Lowercase v
Lowercase w
Lowercase x
Lowercasc y
Lowercase z
Opening (left) brace
Verlical line
Closing (right) brace
Tilde

Delete




ERROR M=SSAGES APPENDIX B

. Four types of error may cause error messagess: command errors, statement syntax errors,

compile errors, and run errors resulting from program execution,

COMMAND ERRCRS, Command error messages are printed following the command that caused
the error, If the message is preceded by the word YWARNING: jthe command is accepted.
Otherwise, the command will be dropped and must be entered again,

SYNTAX RRRORS, When a syntax error in a statement is detecteg, the following message
is printed: 3

ERROR?integer
where integer is the nunbexr of characters read tefore the error was detected, The
user may type return ard re-enter the statement correctly, or he may type any other

character to request that the syntax message be printed., If the message is preceded

bv the word WARNING:, the~ T4n~ 4= acrented and reecd not be entered acnin,

COMPTLE ERPORS, These errors are detected following a RUN command but before execution
of the program, If the error message is preceded by the word WARNING:, compilatien
‘ continues, If compilation resulis ~n no messazes or only WARNING messages, the prograi

will be executed, Otherwise, compilation terminates with no attempt to ruh the progran,

Vhavavar possible, the 1ine number *» whinh the svwor occurrad will be anperded t~ the
‘messare in the form: IN LINE n wvhere n *s th~ 14ne number or AT END if the error was
detected at the end of the program, If the program is named, the message IN programname

will follow the line nmumher messace,

Messaces that cont2in the phrase WITHOUT MATCHING will »vint the line at which the

erry was detected as well as the line in which the unmatched word occurs, This messare
is arpended in the form: IN LINZ n DITECTYD IN LINT n or DETECTED AT END, whichever is
pertinent, '
Compile messases will be vprinted during a run if a compile error is detected in a
stborosran called by CHATN or TNVOK®, The ressare 3s printed before execution of the

called subprororan,

o- |



RUN ERRORS, These errors are detected during prorsram execution and printed as they
occur, TIf the error message is preceded by the werd WARNTNG:, the run continues,

' ’ Otherwise, the run terminates, WARNTNG messares mar be suppressed durine a ~n by

tnelnddine the NCYARY paramater in the PN comrand (see Section II),

The 1line number where the error ocrurred will be appended to most run error messages

in the forms: IN LINE n where n is the line nunber, or AT END if the error was detected
at the end of the program, If the precsvam is named, this messége is followed by -

"IN prosrarname,

The WARNING messages fcr run errors generally are in response to arithmetic errors
such as urderflow, ovefflow,_division by zero, 2nd so farth, In each of these cases,
RASIC/20M0 willvautoﬁatically assirn 2 result, This resnlt is printed as rrvt of

ths mezcage, Fnr instance, for inta-~w avarfleoy the »asult is #2277, foar a1l other
crerflor the reenlt ie 1877, for diviedon by rern tha vesnlt is 4+ 1E??, and for under-

flow the result is rero,



APPENDIX C

BNF Syntax for BASIC/3000

.he Backus-Naur Form (BNT) syntax is used to describe the BASIC/3000 language. BNF notation
consists of a number of “productions”, each of which has the form:

<entity> : : = <expression>

where the syntactic entity on the left side is defined by or may be replaced by the syntactic expression
on the right side. The expression may be a sequence of syntactic terms or several of these sequences
separated by the character “|”. When more than one sequence appears, it means that the entity may
be replaced by one, and only one, of the sequences of syntactic terms.

The following additions have been made to the standard BNF for simplicity and conciseness:

Brackets (‘T and “]”) surrounding an expression indicate that the expression

[
is optional.
J Braces (“ {»and«l ) surrounding an expression are used to indicate that the expression
is to be considered as a single term. Brackets are also used in this way.
(] An ellipsis (“...”) following a térm indiéates thud the term may be repeatéd indeﬁnitggr. t.
U A symbol whose name has the form <something list> has an implied definition of
' <something>[,<something>]... unless stated otherwise.
@
~ <constant> ac—‘ [<sign>] <unsigned constant>
<sign> ti=4| -
<unsigned constant> . . : : = <integer> | <fixed> | <float>| <complex> | <long>
<integer> s = <digit> ...
' <digit> <% 0]1/2|3]4|5]6]7|9
<fixed> : : = <integer>.| .<integer> _| <integer>.<integer>
<float> : 1 = <numpart> E [<sign>] <integer>
<numpart> :: = <integer>| <fixed> | .
<complex> = (<number part>, <number part>)
‘xmbcr part> 1= [<sign>] ?illtegcr>| <fixed> | <f!,gt>
<long> ::=<numpart> L, [<sign>] <integer>
<variable> : ¢ = <numeric variable>| <string vari.ablc>

N -1\
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<numeric variable> +: = <simple variable> | <subscripted vanable>

<simple variable> ¢+ = <letter> [<digit>] .
‘ettcp ii= A|B|C|D|E|F|G|H{I| J| K| L|M|N|O| P| Q| Rll\TIUIVIWI XiY|z 5‘
<sub§cripted variable> : : = <numeric array id> (<sublist>)
<numeric array id> : 2 = <letter> [<digit>]
<sublist> . ti= <s§bscﬁpt§ [,<subscript>} |
<subscript> = <intege; expression>
<integer expression> : ¢ = An expression having an integer value, possibly by

conversion from a real, long, or complex value.

<numeric expression> : ¢ = <conjunction> [OR<conjunction>]...
<conjunction> s : = <relation> [AND<relation>]... .
<relation> : := <minmax> [<relational operator><minmax>]...|

<string expression><relational operator><string expression>

<minmax> : 1= <sum> [{MIN | MAX} <sum>]... Sin
1 S'\;‘:f‘_‘
<sum> s : = <unary ps> <term> [ {+ 1 -} <unary pm> <term>]... :
Qemp ::=[NOT <unop>] <factor> {*‘| /1 MOD} <unop> <factor>]...
A o . _
<factor> A s : = <primary> [** <unop> <primary>]...
<unop> ::=[+]|-| NOT]..
<unary sign> ‘ ti=+] -]
<primary> : ¢ = <numeric variable> | <unsigned constant> |
<numeric function reference> | (<numeric expression>)
. <relational operator> ti=<|<=|=|<>|>|>=|#
<numeric variable> : : = <simple variable> | <subscripted variable>
<numeric function reference> : : = <built-in function reference> | <user-defined function reference>
<built-in function reference> : : = <built-in function name> (<argument list>)
<argument> . : : = <numeric expression> | <string expression> |
<numeric array id> | <string array id> |
‘er-deﬁned function reference> : : = <function name> (<actual parameter list>)
<actual parameter> ) : : = <gxpression> | <variable> | <string simpvar id> (*) |

<nunieric array id>  (¥)| (*,*) | <string array id> (*,*)
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<string expression> : 1 = <source string> [+<source string>]...

<source string> - ::=<string variable>| <literal string>| <string i;u.nction reference>
. ‘tring variable> : : = <string simple variabie> | <string array variable>

<string simple variable> : : = <string simpvar id> [(;Substﬁng acsignatop)]

<string simpvar id> s ¢ = <letter> [<digit>]$
*  <string array id> 11 = <letter> [<digit>]$ '

<substring designator> : : = <first character position> [,<last character position>]|

<first character position>;<number of characters>

<first character position> : : = <integer expression>
<last character position> : = <integer expression>
<nurﬁber of characters> = <intéger expression>
<literal string> : : = <quoted string> |’ <integer> [<quoted string>]|

«<literal string> ’ <integer> [<quoted string>]

<quoted String> ::= "[<character>]...”
<character> :: = Any ASCII graphic character other than ”
' 'string function reference> . ::=<string function name> (<argument list>)

s¢rc™
<LET statement> ::=[LET] <le,t\part> [,<leEgart>]... - L
<let part> ::=<num let>| <§tring let>

< o 4 S

<num let> ::=<num lef}\parb <numeric expression> .

5 - CN w
<num lefﬁ)arb = {<numeric variable> =.§ \
<string let> : ¢ = <string lef}\parb <siring expression> sy
<string lef}\parb 1= { <destination string> =} sy ts
<destination string> s : = <string variable>
<REM statement> :: = REM <character string>
<character string> : : = Any ASCII graphic character .
<GO TO Statement> : : =<single-branch GO TO> | <multibranch GOTO>

@:inclc-branch GO TO> : ::= GO TO <label>
<multibranch GOTO> ::= GO TO <integer expression> OF <label list>
<label list> : 1 = <label> [,<label>]...
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<COSUB statement>

<RETURN statement>

<gosub return>

‘END Statement>

<STOP Statement>
<IFOR statement>
<NEXT statement>
<for variable> |
<initial value>
<final value>
<stebsize>

<IF body>

<IF part>

<ELSE part>

‘IF statement>

<IF DO statement>

<ELSE statement>

<ELSE DO statement>

<DO part>

<DOLEND statement>

<clause>

<PRINT Statement>

. <print list>
<print element>

' <speciﬁﬁunction>

<spccirr{;unction type>

. <expression>

: : = GOSUB <label> | GOSUB <expression> OF <label list>
: := <gosub return> | <function return>

::= RETURN

::=FOR <for variable>=<initial value>TO <final value>[STEP <stepsize>)

: : = NET <for variable> X
A .

: : = <simple variable>

! : = <numeric expression>

: : = <numeric expression>

: ¢ = <numeric expression>

: : =<IF part> [<ELSE part>]

: : = <IF statement> | <IP;\DO statemen£> <DO part> sprcs
::=<ELSE statement> | <ELSEPO statement> <DO part> Space
: : = IF <numeric expression> THEN <label>|
IF <numeric expression> THEN <clause>
: : = IF <numeric expression> THEN DO -
: : = ELSE <label> | ELSE <clause>
::= ELSE DO
2= [#statement>]... <DOEND statement>
::=DOEND
: : = Any executable statement other than IF, FOR, NEXT,
ELSE, or DOEND.
::= PRINT [<print list> [, | ;]]
:: = <print element> [ {,l ;} <print element>]... ‘,,'.nt '

Y-

1:=<expression>| <s-peeiﬂ'f’ function>| (<for statement>, <printlist>[,|;])

1= <spcc.ia{}unction type$ (<integer expression>) .P‘-\\JZ 9““’{:
::= TAB|LIN|SPA|CTL - YA

: : = <numeric expression> | <string expression>
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<READ statement>
<read item>
<DATA statement>

<data constant>

- _<RESTORE statement>

<INPUT statement>

?input item>

<ENTER statement> B

<allotment>
<terminal>
<time>

<DIM statement>

<dimspec>

' ‘numeric dimspec>

<string dimspec>
<bound>

<size>

< RENIM statement >b
<REDIM-statement>”
<numeric redimspec>

<string redimspec>

<type statement>

<typc>

<typecspec>
<MAT READ statement>

<MAT INPUT statement>

‘mat read item>

<dimensions>

<array identifier>

::= READ <read item list>

: : = <variable> (<FOR statement>, <read item list>)

s+ = DATA <data constant list>

: : = RESTORE [<label>]

::= INPUT{[ : ] <input item list>][:]

= <constant> | <literal string>

= <vaﬁable>| <literal string>| (<FOR statement>, <input item list>)

::=ENTER #<terminal>| ENTER<allotment>, <time>,<variable>|
ENTER # <terminal>, <allotment>, <time>, <variable>

: : = <integer expression>
: : = <numeric variable>
: : = <numeric variable>

: : = <numeric dimspec> | <string dimspec>

= DIM <dimspec> [,<dimspec>]... -

: : = <numeric array id> (<bound> [, <hound>])

::=<string array id> (<bound>, <size>)| <string simpvarid> (<size>)

: : = <integer>

: : = <integer>

11= REDIM <redimsmac >[ ,(redimspec)] .
: : = <numeric redimspec> | <string redimspec>)

L]
~
{

-

Credhimsyey

::=<numericarray id>(<integer expression>[,<integer expression>])

: : = <string array id> (<integer expression>.)
: : = <type> <typespect> [, <typespec>]...
::=INTEGER | COMPLEX | LONG| REAL
: : = <simple variable> | <numeric dimspec>
::= MAT READ <mat read item> [, <mat read item>]...
::= MAT INPUT <mat read item> [, <mat read item>]...
: : = <array identifier> [(<dimensions>)]
: ¢ = <integer cxbrcssion> [, <integer expression>]

: : = <numecric array id>| <string array id>

A



<MAT PRINT statement>
;Mlat print list>

: '<mat print item>

| <MAT initialization statement>

<initialization function>

<string MAT initialization statement>: : =

<MAT assignment statement>

« <CONVERT statement>

. <LINPUT statement>

<multiline function>

. <muitiline DE}" statement>
<multiline function body>
<FNEND statement>
<farmel mararater>
<feamal Parameter>
<variable parameter>
<function name>
<function return>
<one-line DEF statement>
<TRACE command>
<UNTRACE command>

<trace element>
. <variable element>

~ <function element>

: : = MAT PRINT <mat print list> [,] ;]
: : = <mat print item> [ {, | ;} <mat print item {, | ;} ] L. c.
: : = <array identifier> | <special function>
::=MAT <numeric array id>=<initialization function>[))<’dimensions>)] (
::=ZER| CON| IDN
MAT <string array> = NUL$(<integer expression>)
: : = MAT <numeric array id> = <numeric array id>|
MAT <numeric arrayid>=<numeric array id>+<numeric array id>|
MAT <numeric array id>=<numeric array id>-<numeric array id>|
MAT <numeric array id>=<numeric array id>*<numeric array id>|
- MAT <numeric array id>=INV(<numeric array id>)|
MAT <numeric array id>=TRN(<numeric array id>)|

MAT <numericarray id>=(<numeric expression>)*<numeric array id>

: : = CONVERT <numeric expression> TO <destination string>|
CONVERT <string expression> TO <numeric variable>[,<label>]

: : = LINPUT <destination string>

: = <multiline DEF statement> <multiline function body>

: := DEF [<type>]<function name>{<formal parameter list>)

: : = <statement> ... <FNEND statement> -
::=FNEND

$e= (’rvm\_] Lvariatle pararatery '\ string varameter”

: : = <string variable name> [(*)| (*,*)] ainq

: :=<variable name> [(*) | (*,*)]

::=FN <letter>| FN <le£ter>$

:: = RETURN <expression>

n= DEF[<fy pe>]<fpnction name><<formal parameter list>)=<expression>
::=TRACE [<trz'1ce element list>]

::= UNTRACE [<trace clement list>]

: : = <variable element> | <function element>|

<label>[ <label>,<label> | PROG

: : = <simple variable>| <string simpvar id> |
<numecric array id>{(*) | (*,*)}I <siring array id>[(*)|(*,*)]

: ¢ = <function name> | <function name>(<variable element list>)
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<BREAK command>
<UNBREAK command>
<break element> |
<FILE§ statement>
<file designator>
<qualified file name>
<local file reference>

<ASSIGN statement>

<string file name>
<file number>
<protect mask>
<rcstﬁcti§n> ,

<serial file print>

<file number>
<serial file READ>

<direct file PRINT>

<record number>
<direct file READ>

<ON END statement>

<ADVANCE statement>
<update statement>

<LOCK statement>

<UNLOCK statement>

:: = BREAK [<break element list>]

::= UNBREAK [<break element list>]

: : = <label>| <label> - <label> | PROG
: : = FILES <file designator list>

: : = <qualified file name>| *| #<integer>

: : < <local file reference> [.<group name>[.<account name>]]

: : = <file name> [/<lockword>]

: := ASSIGN <string file name>, <filt number>, ~ .
<numeric variable> [,<protect mask>] [, <restr1ct10n> | ' -7

= ASSIGN *, <file number>

: : = <string expression>
: : = <integer expression>

: : = <string expression>

::=RR| WR| NR| WL | NL

= PRINT # <file number> [; <print list> [ | ;131

PRINT # <file number> : [ <porint llst> .1:-1END
: : = <integer expression> -
::= READ # <file number> [; <read item list>] .

: : = PRINT # <file number>, <record number;i; <print list>, |;1]1 E
PRINT #<file number>, <record number>;[<print list>{,l ;}] END

: : = <integer expression>

:: = READ # <file number>, <record numbe1:> [; <read item list>]

= {ONI IF} END # <file number> THEN <label>

::= ADVANCE # <file number>;<integer expression>,<numcrié variable>

= LOCK # <file number>

::= UNLOCK # <file number>

C-17
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<MAT serial file Read>  ::= MAT READ # <file number>; <array list>" Cay
<MATdirectfileprint>  ::=MAT PRINT #<file number> <record numbox:$;<I\IAT 4priht"1i_s'gt>_[;l';].|': o - ¢
. === “MAT PRINT # <file number>,<record number>;<MAT pri"nt lis_t>[ ;IV;}E_N D
/ / ' |
<MAT /Diroct/]? ileREAD>  ::=MATREAD #<filenumber>, <record number>; <array list> L.ec.
<PRINT USING statement> . : = <PRINT USING> .[;<print using list>]
<PRINT USING> . : : = PRINT USING <string expression>| PRINT USING <label>
<print using list> : : = <print using element> [,<print using element>] ...
<print using element> . “::=<expression> | <speeial”;'unction> |. ?\"\“'C
(<FOR statement>, <print using list>)
<MAT PRINT USING> :: = MAT <PRINT USING> [;<mat print using list> ].
<mat print using list> : : = <mat print item> [,<mat print item>] ...
<IMAGE statement> : : = IMAGE <format string>
<format string> : : = [<carriage control>,] <forma£ list>
. <carriage control> iz -| #
<format list> : : = [<separator>]<format list A>
[<separator> <format list A>] ... [<separator>] -
<format list A> :: = <format list elenient> | <replicator> (.<format list>)
<separator> 1= {/I ,‘j )
<format list element> : : = <string spec> | <fixed spec> | <float spec>|
) <integer spec> | <complex spec>| <K spec> |
B <literal string>| <X part>
<string spec> t:=[<X part>]<A part>];</X part><A part>].... [<X part>] [
<integer spec> : : = <integer part>| <S integer part>
<integer part> ' ¢ 1= [<D part>| <S part> ... <D part[<X part>]
<S integer part> : 1= [<integer pai~t>]<S part>[<integer part>]
<S part> ‘ :=S|M
. .
. <fixed spee> : ti=<integer spec>.|.<integer spec>| <Sinteger part>. <integer part>|

<integer part>.<Sinteger part>|[ <X part>]<fixed spec>[<X part>]

. 5 '
<float spec> : 1 = <infeger spec> Bl <fixed spee> E| <float spec>[<S part>] : X
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<complex spec> : : = <complex spec 1> | <complex spec 2>

~ <complex spec 1> ::=<complex A>| {+ | -); <complex B>|
' | ‘ <complex A>{ +| f} <complex B>

<complex spec 2> ::=C (<complek A>,<complex A>)
<complex A> : ¢ = <integer spec> | <fixed specg | <float spec>
<complex B> : : = <integer part>| <NS fixed spec>| <NS float spec>
<NS fixed spec> : : = <integer part> .| [<integer part>]. <integer bart>

. ‘ ’ [<X part>]<NS fixed spec>[<X part>]
<NS ﬂoét spec> HH =‘ <integer part> E | <NS fixed spec>.E |

) ' <NS flost spec> <X part>
<K spec> _ s+ =[<X part>] K [<X part>]
<A part> | | 1= { [<replicator>] A}
<D part> | 1= { [<replicator>] D }
<X part> S { [<replicator>] {X | 1| f/}}
.<replicator> : : = <integer>
<CHAIN statement> : : = CHAIN <string expression> ;';:,<integer expression>]
<INVOKE statement> : := INVOKE <string expression> [,<integer express;on>]
<COM statement> : : = COM [(<nonzero digit>)] <com item list>
<nonzero digit> ' ::=1|2|3|4‘|5|6|7|8|9
<com item> : : = [<type>] <numeric com item§ | <string com item> .
<string com item> : : = <string parameter> | <string dimspeé>
<numeric com item> : ¢ = <variable parameter>| <typespec>
- <CALL statement> : ={CALLI *}<extemal procedure name>[ (<actual parameter list>)]

<external procedure name> : : = <the name of a procedure in the group SL, account SL,

or system SL>



SUMMARY OF BASIC/3000. STATEMENTS AND COMMANIS APPZNDIX D

STATEMENT SUMMARY

This summary of BASIC/BOOO statements provides the statement names in alphabetie

order #ith a brief description and a reference to the section or sections containing

a complete statement description,

Statement

ADVANCE #

ASSIGN

- CALY or *

CHAIN

COM

COMPLEX

CONVERT

Descrintion

Skips the specified number of items in a' -
forward or backward direction on a file,

Dynamically assigns a file name to a file
number and opens the file; may also be used

to close files during execution,

Calls for execution of a procedure written
in SPL/3000 or FCRTRAN/3000, optionally

passing parameters to the procedure.

Terminates the current program and calls
for execution of the prorram named in

the CHAIN statement, Variables are local
to both programs unless named in a COM
statement,

Declares a common block to contain specified
varisbles used in cormen by more than one
program, Effective when one program calls
another with CHAIN cor INVOKE,

Drelares the following variable or variables to

have a comnlex data rerresertation,

Converts a nureric varjable to a string
renvresentation, or converts a strins variable

to a nmumeric revresentation,

-\

Referengg

Seetion VIII

VIIT

XI

v




Statement Descrintion Reference
CREATE Creates a formatted file with a specified Section VIII

length and, optionally, a record size,

DATA Provides data to be read from left to right by I1
a READ statenent,

DEF Introduces a nne-line ox» a multi-line funetion VI
definition,
DIM Reserves siorage for arrays and sets the upper 111

bounds on the numbexr of elemenis.

DIM also reserves storage for strings and sets \

their maximum character length,

DO. . .DORND Used only after IF.,.THEN DC or ELSF DO, they Iz
eiclose siatements to be executed when gn TR
or ELSE conditien is satisfied, (See IF,,.THEN) -

ELSE Used only in conjunction with IF,,.THEN, it II

introduces a statement to be executed when the
IF condition is false, (See IF,,,THEN)

END . Terminates execution of the program; may be 11
omitted since last line of program provides
an inplieit END,

ENTER Provides for user input with a timed response 11
and, optionally, weturns the lcgical terminal
nunber and/or the actval resronse time, One

numeric or string constant can ‘be innut,



Statement, Deserintion Reference

FILES Allocates files numbers to file names or Section VIII
reserves file number for later assignment
with ASSIGN, FILES is declarative and,
unlike ASSIGN, is not executed,

FNEND Terminates a multi-line function definition, , VI
PCR., NTUT "Allows repetition of a group of statements IT

' between FOR and NEXT. The number of repetitions
is determined by the initial and final values of
a FOR variable, and by an cptional step speci-

fication that alters the normal increment of 1,
GOTO Transfers control to a specified statement label, 11

GoT0, . .OF Multibranch GOTO transfers control to one of a 11
list of statement labels depending on the value

of an integer expression,

GOsSUB Causes execution of a subroutine beginning at a IX
specified statement label; following a RETURN -
statement in the subroutine control returns to
the statement following GOSUB,

Gosus, , .OF Multibranch GOSUB executes one of a list of _ II
subroutines depending on the value of an integer

expression,

IF END # Specifies action to be taken when an end-of- VIII
’ file condition occurs; IF END is used inter-

changeably with ON END,

IF,,.THEN Evaluates a conditional .exrression and specifies 1T
action to te taken if condition is true., The |
cordition is a numeric expression considered true
if its value is nonzero, false if its value is
zexro, The action rnay be transfer to a statement

label or a single executable statement,
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Statement

g

IMAGE

INPUT

INTEGER

INVOKE

LET

LINPUT

LINPUT #

LOCK #

T0ONG

MAT Add

Negerirtinn

Provides format specifications for PRINT USING
or MAT PRINT USING statements,

Requests user input to one or more variables by
outputting a ? and accepts string or numeric

data from the terminal,

Declares the following variables or arrays to

have an intecer data representation,

Suspends the current program and calls fof execu~
tion of another program; returns to statement
following INVOKE after execution of the invoked
program, Variables are saved and files remain

oren; data may be passed with COM staterent,

Introduces assisnment statement that assipgns ome
cr more valu=s to a variahle or arry element,

The ward TET may %e omitted,

Reaveste a 1ine of input from the tevminal, all

of which 1s 2msigned to a single string variable,

Aceents enntonts of a_record on a data file as
inr:t to a strir~ saxiable, Used only with

ASCII files,

Dynamically locks file during execution;
all write operations will be completed
and no other user can lock that file
until an UNLOCK # statement is executed,

Declares the followine variables or arrays to

have a long tyne data representation,

Performs array addition elament by element
upon arrays of identical logical size,and

assiens result to another array,

DA

Refoyrann~

Sectton IX

II

Iv

II

VIII

VIII

v

III



Stat~ -t

MAT Copy

MAT Initialize

MAT INPUT

MAT Inverse

MAT Multiply

MAT PRINT

MAT PRINT #

MAT PRINT USING

MAT READ

Teserintion

Coples one array into another array with at

least as many elements and the same number

of dimensions, Any redimensioning is automatic,

Initialize numeric arrays with values
specified by the functions ZER (zero), CON
(ones), or IDN (identity array).

Inputs values to an array from the terminal;

' optionally the array can be redimensioned,

Assigns the inverse of a square array to

another array using the function INV, Any
redaimensioning is automatic,

Performs array multiplication on an array
with dimensions n by m and an array of dim-
ensions n by p resulting in a new array with

dimensions m by p,

Prints arrays by rows and columns according
to array dimenslons; a semicolon after the

array name will pack the columns,

Prints ¢ontents of an entire array on a
specified file,

Prints one or more arrays according to
format specifications in MAT PRINT USING
statement or in an IMAGE statement,

Rerads data from DATA statements into one or

more arrays.

MAT Scalar Multinly Multiplies each element in an array by

MAT Subtraction

a specified numeric expression, Any

redimensioning is autonatic,

upon arrays of identical logical size, and

assiens rosult to another array.
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Referrnce

Section III

III

III

IIT

III

III

VIII

IX

IIT

I1T

IIT



Statement

- — e —

MAT Transpose

NEXT

ON END #

PRINT

PRINT #

PRINT USING

READ

READ #

REAL

Deserintion
Transposes an n by m array to anm by n
array using the function INV, Any re=-

dimensioning is performed automatically,

Terminates a loop introduced'by a FOR state=~
ment, Specifies a variable that must match

the FOR variable,

Specifies action to be taken when an end-
of-file condition occurs; IF END may be
used interchangeably with ON END

Prints the contents of a list of numeric
or string variables; provides some formatting

ability with print functions and separators,

Cutputs the cortents of a list of wwmeric

or strine varizbles to the specified file,

Prints the contents of a list of numeric or
string variables with format controlled by
format specifications included in the PRINT
USING statement or in an IMAGE statement,

Assigns constants and string literals fron
one or more DATA statements to the variables
specified in READ, Treats contents of all
DATA statements as a single data list,

Reads one ox more iterms.from a file into

specified variables,

Declares the followins variables and arrays

to have a real data revresentation; this type

assirnment is not renerally reauired because

the real ranresentation is the defanlt case,

D-6
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Section III

II

VIII

II

VIII

IX

IT

VIIT

Iv




Statement

REDIM

REM

RESTCORE

RESTORE #

‘l' RETURN

STOP

UNL.CCK #

UPDATE /-

. ‘

pescrintgga

Redimensions the rows and columns of ah
array without changing the total dimen-

sions or the number of elements,

Redimensions the size of a string array
without increasineg the size or chaneging

the element size,

Introduces remarks and comments in the

program listing,

Resets the data poiﬁter to the b=ginning of

the program or to the first DATA statement
following a specified label,

Repositions the file pointer to the start
of the file: can only be used on files that

can be rewound,

Returns control from a GOSUB subroutine to
the statement following the last GOSUB,

Terminates execution of a multiline user-
defined function with the result-of the

function in a specified expression,

Terminates execution of the program; STOP is
" interchanseable with BND,

Unlocks a file that was locked with LOCK #

enabling other programs to lock and/or write

on that file,

Modifies one item in a file without affecting

other itens,

D-7
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I

IT

VIII

I

VI

IT

VITI

VIII




COMMAND SUIMARY

Fach corrard is listed by name in alphabetical corder followed by a brief description

ani a rrference to the section or sections containing a complete description of the

command,

Conmand Description Reference
ABORT . Lecal only in break pericd; terminates the Section VII
suspended program and retvrns to BASIC/BOOO

control where all commanis are legal,

APPZYD . Aprends a srecified prozram to the end of the II
current program,

>BASIC Interrupts input requested by INPUT or ENTER | IT
and returns user to BASIC/3000 control

BRZAK Specifies breakpoints where execution of VIiL
program will be interrupted to enter debug-
gings commands,

CALLS Iegal only in break neriod; lists functions Vit
and programs called by INVOKE that have not -
been completed,

CATAT.OG Lists name, tvre, Tile size, and record size II
of all programs and files in user's fileset,

CREATE Creates a BASIC/2000 forratted file with a VIII
specified lergth, and optionally, record
size, Also a statement,

DELETE Deletes one or a rangse of more than one I
etatement from current preooram,

DUMP Displays the contents of a BASTC/3000 formatted VITI
file at the terminma) or on a specified ASCIT
file, .

EXIT Terninates BASTC/3000 control and returns to 1

MPE/3000 control,

h_, v
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Command

FILES

GET

KEY

LENGTH

LTST

NAME

PUNCH

PURGE

RENUNBER

RESUME

——

Descrintion Reference

Legal only in break period; lists all files Section VII

currently open for the executing progranm,

Gets the specified BASIC/3000 program from 11
the user's library, replacing the current

program,

Legal only in break period; terminates the VII

debugring mode introduced by BREAK and
resumes the suspended program, RISUME may

. be used wrerever GO is used,

Returns from TAPE or XEQ mode to terminal XI1
mode,
Prints {the number of words in the current I

program; may be abbreviated to LEN,

Lists the contents of the current program : II
at the terminal or on a specified ASCII file,

Asslegns a name to the current program, 1T

Punches a program on paper tape and inserts XI11
control characters as needed to read the

tape; simultaneously lists the program at

the terminal or on a specified ASCII file,

Deletes the specified file or'program from IT
the systen, VIiI
Renumbers any group of statements in the IT

current program; optionally from a new first
line with a specificd inerement, By default,
renumbering starts at 10 with inerements of 10,

May be abtrreviated to RENUM,

Resures norrmel BASIC/3000 operation following I
a SYSTHM comnand break, pressing the BREAK VII
key, or a deburrineg break svecified hy the : X1

BREAK crrmand,




- ————

SAVE

SCRATCH

SET

SHOW

SPOOL

SYSTEM

TAPE

TRACE

UNBREAK

UNTRACE

XEQ

ngcrintion

Executes the current program or gets and
executes a specified program in the user's

library,

Saves the current program as a program file
in the user's library; the program is either
previously named with NAME or named in the
SAVE command,

Deletes entire current program and its name,
Clears all break points and traces, May be
abbreviated to SCR,

Legal only in break period; sets any program

variable to a constant value,

Legal only in break period; lists the values
of the specified items,

Reads paper tapes that have not been punched
with X-~CFF.

Suspends BASIC/3000 and transfers control to
MPE/BOOO; the RESUME command returns control
to BASIC/3000,

Reads paper tapes that have been punched with

M X-OFF .

Traces variable and array values, and the

execution of statements and segmented programs,

Deletes any or all breakpoints specified with
the BREAK conmand,

Deletes tracing specified hy TRACE commanrd,

Inputs commands ard prorram statements from a
specified file; the end-of-file or a KEY or

TAPE command terminates XEQ,

a2

Reference

Section II

I1

II

VII

Vi1

XII

XT

XIT

VII

VII

VIir

XII



BUILT-IN FUNCTIONS

APPENDIX E

.A set of built-in (or predefined) functions is available for reference by the BASIC/3000

user,

order,

Built~-in functions are separated into eight classes,
or strineg) is based on the class of the function and the argument type,
below shows

Jf usage is described in this manual,

These functions with their class and meaning are listed below in alphabetic

a scection number follows the descriptioen,

The function result (nurmeric type

The table

the tyrs of the rosult bz=ed on the frnetion class and arevment +rpes

TYPE OF ARGUMENT

INTESER LONG COMPLEX | STRING
RESULT
1 real long real -
g: 2 real long complex -
é 3 complex complex complex -
Eq 4 real raal real -
bl 5 string string gtring -
s 6 - - - real-
:_:: 7 - - - string
8 argument is an array or string array, result is real.

Nate that an arsument for a +rigena—etrie function mrst bs exrr-csed in radtans

with 1 radian eaval to £7,290£8 degraes,

Name and Pavamnier- Moss Meanire

Absolute valus af y: when ¥ 15 eomnloy, A?)S(X)

ABS(x) 1
' = soy(q?an(x)**2+rmc(x\**2\

ATN(x) 1 the resnlt is
S(ING(x)/REA(%)) aﬂﬁustn

x is expressed in radians,

Arctanrent xy when ¥ is compley,
the 2nenlaw arcov-ent of x, ox ten”
to the a=mvaprinte anad»ant,
RRX ()

Allows prozrs~ro*in of Brenk; nse vw*th caution,

T x <N, nn offent, Tf »x = 0, the break ard Y€

trans of M2R/A000 apd SBPASIC ave disatled, If x O,

thez~ frnctiens axe erabled, BRX returns 0 if trans

weys nrovieualy disabled or 1 3f they were enabl~d,
BUF(x) 4 Test inwnt baffer f‘o :
X is rmeaningless; O may b
(i2ctton 11),

E - |

ontion of INPUT, Parareter
s used for actual raraneter,




Name and Parameters

CBI(x)

CHR$(x)

CNJ(x)
coL(a)

€0s(x)
CPX(x,v)

CPU(x)

CSH(x)

DATS(x,y)

NUM(AY)
PIH(x)

FOS(AS,mY)

D R2A(x)

Cl=ss

~J

Masnine

Ceiling of x; smallest intecer = x, When x
is complex, only the real part is used,

Generates one-character ASCII string in ranece 0255

Section V),
Conplex corjucate of x; that is it reverses the sien
of the imaginary part of x,(Seection VU .

Number of columns in array a, If a is one-dimen-
sional, COL(a)=1, (Section III),

Cosine of X, X must be exoressed in radians,

Conplex numher = x + yi, If x or v is complex only

o

the real vart is used, (Section T,
Nurber of seccnds of CPU time (4,001 sec,) that

the progranm has run,

Hyverbolic cosine of x; x must be expressed in radians.

Generates date string, x,¥ selects substring:

1-3 6-11 14-17 20-27
Day Date Year Time

Strins Positinn
Contents

Time 1is éxpressed as hours 0-12, minutes 0-59, (Section V]

Returns AS with leading'and trailing tlanbe removed,
. ez T
X {{Section v),

Iraginary part of x, (Section II)

Largest integer L= x, If X is complex,use only
real part,

Logical length of A$, (Section V),

Natural logarithm (lozgx), If x is complex, it must
not be zero, If x is not complex, it must be greater
than zero,

Nunbexr of files declared in programs invoked by this
procran, Internal rumber of of local file #1 is
NOF(0)+1, Local file number of internal file #l is
1-NOF(0). (Sectien X) '

ASCII ccde for Tirst character of A$. (Section V)

PI function = pi * x

Smallest intecor rerresenting startine position in A4
of substrine i'entical tn P35, If no such substrine,
then equals zevo, (Section V),

- |
Real part of =, (b(?ﬁ,ot\jxf).

E'?..ﬂ



Name and Parameter

ch(x)
ROW(a)

RND(x)

SGN(x)

SIN(x)
SNH(x)
SQR(x)
TAN(x)
TiH(x)

TIM(x)

TYP(x)

UND(x)
UPS(A3)

WRD(AS,RBS)

Class

Meaning
Current record number of file x, (Section VIII),

Number of rows in ayray a., If a is one-dimensional,
it returns the dimension, (Section III),

Pseudo-random numbar between O and 1 but not equal 1,
If x>= 0, the number is determined from the previous
random number, except on the first call when an un-
predictable (totally randem) number is generated, If
x <€ 0, the random number is determined by x. To
generate a repeatable sequence of random nurbers nake
the first call with x<0, and subsequent calls with
=0, To repeat the seauvence, use the value of x
from the first call, To génerate a non-rep=atable
sequence, use x> =0 for all calls,including the first,

Sign function; esvals 1 for x>0, 0 for x = 0, and
-1 for x< 0, If x is complex, only real part is used,

Sine x; x must be expressed in radians,

Hyperbolic sine x; x must be expressed in radians,
Square root of x; x must be >= 0,

Tangent x; x must be expressed in radians,

Hyperbolic tangen: x; <« must be expresséd in zadians,

Time, where -

X< 0 number of seconds since progrem began
x =0 crmrrent minute (0=59)

=1 current hour (0-23)

=2  current day (1-366)

=3  current year (0-99)

¥ MM

Returns type of next data item in file x, (Section VIII),

Undefined variable; x must bz a numeric variable;
Returns 1 if x is undefined, 0 if x has a value,

Upshift alvhabetic lower case to upper case in A3,
(Section V),

Smallest integer representine starting position in A$
of a substrincs that is survourded by non-alvhabetic
characters and is identical to B3, TIf there is no
such substrins, 0 is returred. (Section V),



PARAMETER FORYAT APPENDIX F

°

When parameters are specified in the CALL statement, the BASIC/3000 Interpreter
sets up a table of the parameter addresses with 2 pointer to the first address,
It precedes the addresses with a code vord for each parameter that specifies the

data type and whether the parameter is a2 simple numeric, a string, or an array,

The addresses »oint to the vparameter values, These values are stored differently

depending on the tvnme of the parameter,

If the BASIC nuser will writethe SPL or FORTRAN procedures that he calls, he needs

to know the format of the parameter table and also how the values are stored,

PARAMETER ADDRZSS TABLE

This table is in the HP 3000 data stack, It contains the number of parameters, a code

word for each parameter, ani the parareter.addresses as follows:

3
;

v

CL?Q 01d Stack Marker

number of parameters 0-DR+1

' paréﬁ-zj-”féfamhéu fi-

Code
Words

. — e sttt R S S

param 4

parameter 1
parameinor 2 P\
SREEEE e , . '\, Parameter

pavameter 3 ! [ Addresces

N

| A
I parareter 4 L
parameter & e ] el
|
; stack ;
| |
; maxker :
Q

The user should r~Ter to the HP 3000 Computer System Reference Manual (03000-20010)

for drtails on stacx orsration,




Each code word has three fields of five bits eachs

@ 0 1 56 10 11 15

e

Each field has two subfields of three and two bits eachs

T

i i
' 3 bits | 2 bits

{

The three-bit field gives the data type of the parameter:

0 - string
1 - integer
2 - real
3 - long
L - complex

The two-bit field specifies:
0 - simple numeric
' 1 - simple string or one-dimensioral nukierlC aiiday

2 - two-dimensional numeric array or one-dimensional string array .

The code words in the stack following the procedure call are in the same order

as the varameter addresses that follow,

PARAMATIR STPAACT

Vhat the paroneter address points to devends on ?he type of the parameter; whether

it is simple numeric, numeric array, simple strins, or strins array:

1, For a simple numeric expression, including simple variables and subsecripted
variables, the addiress points to the first word of the value, The number

of words ne=ded for a value depends on the data type:

1 word - integer
2 words -~ real

3 words

lon=

4 words corplex




/

2, For numaric arrays, the address points to the first value of the array
(array(1) or array(1,1)). There are three words prior to this value

that describe the array, Arrays are stored by rows as follows:

maximum number of elements

nunh>r or rouws (1st dimension)

nuncer o1 columns (2n1 ailmension)
(rqual +0 1 fox one=direncional arravs)
pointer —3j array(1l) or (1,1)

array(2) or (1,2)

arrav(n) or (n,n)

3. For simple string variables, string array elements, and string expressions,
the address is a byte pointer that points to the first byte of the siring,
The two preceding bytes define the physical and logical lengths of the

string:
physical length | logical length
byte . _x i ord vote
potnter | oo bvte 1 endbyte
r3rd byte -J « v e

L, " For string arrays, the addvess points to the first element of the array.
Each element has the form of a string value with two bytes specifying
physical and logzical lenzth respectively followed by the bytes containing.
the actual value, This string value is vreceded by two words that define
the array:

maximum no, elements

Jogical dirensions

————————— ——

physical length—w logical length |
. - PO -

byten——g 1st byte ! 2nd byte ! Strinz
pointer 3r&ug§te ‘—“% L T Value

S

e
™ N



COYPATIBILITY T¥THUEN BACTC/2000 AND BASIC/3000 APPENDTX G

With four excepilons, BASIC/2000 is a corpatibile subset of BASIC/3000, This
means that a PASIC/2000 prozram can te run under control of the BASIC/3000 Tnter-
preter and will compile and execute correctly, Rut, due to the many new features
available in BASIC/?OOH a RASIC/3000 prosram will not necessarily. compilp and
rin ‘on’a BASIC/2000 compiler,

The four.
exceptione will affect conrilaticn tnt they misht affect the result when a RASIC/2000

excenticns to total compatibility are described here, Nene of these

program is run on BASIC/3000.

The exceptions are:

BASTC/3000 " BASIC/2000

1, The COM statement is valid The COM statement remains
durine one rwn only, It valiAd between'runs.A
doss not rerain valid between
rns,

2, Files are closeil when a Files remain open wvhen a
rrocsram calls a subprogran program calls a subprogsram -
with the CHAIN statement, with the CHAIN statement.

3. MAT PRTNT prints a one-dinen- MAT PRINT prints a one-~dimen-
sional array as a row of sional array as a cclumn of
elements, thereby savinm svace elements,
ard printing time,

L, The ON FYD statement is used Only IF END is used,

rather than IF END: IF END
is accented and changed to
ON END,



FILE STRUCTURE APPENDIX H

. BASIC/3000 FORMATTED FILES

A.formatted BASIC/3000 file contains format words provided by the Interpreter to
indicated the type of the data iters in the file, Space for these format words
is allocated automatically in addition to the reccrd size specified by the user,
The format words are placed in each record following the logical end-of-record,
but before the physical end-of=-record,
Formatted files can have a record size between 4 and 319 words. The recommended
(and defanlt) record size is 106 words per record since this rounds off to 128
words when the format words are added. The standard system size for records is

128 words, Records are numtered starting with 1, not O,

Each record consists of an area for data items and an area for format words:

et e e oo B i
- ST ay
—_— S T L N, { ( i
Lo e Svu: v — _
‘l. i 3 L. R ET RN -
| HEE i
L VAN DU e~ .
1st 5 Data Items ,f 1st Format Word T
logical EOR . Phvsical ECR

The first format word corresponds to the first five data items with the first
flag in the format word corresvonding to the first date item, The item types

are specified in the format word flags as:

0 - end-of-file

1 - end-of-record
2 - string

3 « integer

4 - real

5 - long

6 - conplex

Th~ Ioctenl end~of-record delimits the record size specified by the user to Include
. all the data items, The physical eud-of-record delimits the BASIC created record

size ihat is sufficient to contain the formit words a2z well as the data ltors,

P
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The space requirements for a data item differs depending on the data type, The

number of 16-bit words required for each data type is;

Data Tvne Numbsr of Words
Integer 1

Real 2

Long 3

Comnlex 4

String ((length +1)/2)+1

In each case, an additional 1/5 of a format word is added for each data item to

provide room for the format words,

Th~ 1rser can determine the physical record size created for the file by BASIC fror

the loriczl record size he has used to conéain his data items, The formula is:

P=pR+ o +1
¥

where P is the vhysical reeoxd size created bty PBASIC

R is the logical recnrd size assigned by the user

The symbtol \_, means take the largest integer {= the number, or X== INT(X),

If the physical record size is known, the user can determine the logiczl record
sige of a record with another formula:

5(p-1)
Lo

R=

File Att=irntes

The use» ray need to krow the file codes for 3ASTC files, These ecodes differ
den~nding on how the file was saved and whether it is a program file or a RASTC

file., The file code for any file can be requested with the MP¥ ccmmand FGETTHNIO,

Proeram File (SLVE) <1074
Pro~vam ®fle (FAST SAVR) 1027
PASTC Pormati~d Rile 1008

4+ by ye ST~ ~+$stlnet - It q g 3L ! rpT e A QMmN 2 - o}
N+boss £57 trititra wnv chiadived pith tha ar~rand GLTSTR £4lonar-ea 2

Mhn merhas D g a ppde that reavides Aatatiad £i1A dnfrrration foavr pach 1o listed,

Thr £37 ~rema pay e

—— e~

fol1ly 613 f50d writh thn yasrts Jogkrr~l, meor~ and aeeoimt naras,
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ASCIT FILES

ASCIT files contain data in ASCII character cede, Fach 16-bit wordfcan’contain‘

two characters.

BINARY FILES

Binary files hare no format words or string headers, The number of words needed

for each data iten devends on the type of the item, as follows:

Data_ Tvre Nunker of Yords
Interer 1

Real 2

Long 3

Complex L

String (length + 1)/2




