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Preface

The publication of this manual marks the last in a set of four basic
VPS™ manuals - The VPS Handbook, explaining the system, its commands,
and control statements; the VPS Utilities Manual, documenting general
purpose programs such as the VPS Editor and Loader; VPSS System
Facilities for Assembler Programmers, describing system functions and
macros available at the problem program level; and now the VPS Guide
to Programming Languages, describing the use of the major programming
languages on VPS. Along with this Guide, the Handbook and the
Utilities Manual are mandatory reading for anyone who wishes to write
and execute programs on VPS with minimal frustration.

We would like to thank Joe Demty, Manager of User Services, for his
contributions and Mary Porter, who so brilliantly captured the need
for this manual in her cover design.

Finally, we strongly recommend that you read the introduction before

you begin reading the rest of the Guide to avoid unnecessary
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June, 1980

© 1980 Boston University

VPS is a registered trademark of Bosten University






Contents

Introduction « « « ¢ « o o« o s o s & s =

Chapter 1: ALGOL W . . +. « « « « =« + & &

Invoking ALGOL W « &« « ¢ + o =+ « & o
ALGOL W Control Statements . . . . « .
Compiler Options . « + & « o « o« o o &
Example =+« o « o ¢ o o o o &+ + o« o «

Chapter 2: The Assembler . . . . . . . .

Invoking the Assembler . . . . « « « .
Procedure Files . . . . @ e o s
Specifying Assembler Options o e a  w
Assembling — An Example . . « + . .+ =
Executing Assembler Programs . . . . -
Assembler Program Execution Example .

Chapter 3: BASIC . « « « « « o « o & « =

CALL BASIC Language Elements . . . . -
Additional Considerations . « . « « =«
Invoking BASIC « « o o « & o o o & & =
BASIC Input/Output . . « « « « + « « »
EXrors « « « s« o« = s s s s s o » s s &=
BASIC Example .« « « « + « « o o« & « =

Chapter 4: COBOL « « « « « « « « « o o &

IBM Manuals =« « « s o s & s o s s o« =
Invoking the Compiler . . . . . . . .
Compiler Files « o« o« & o o « o &+ = « &
Execution Time Files . . - « - + « « =
Specifying Compiler Options . . . . .
Specifying Loader Options . . . . .« .
Calling and Called Programs . . « « =
/PARM for User Execution . « « « + + =
COBOL I/0 Considerations . . . « « . .
Sequential Files + « « & = « o o« &+ o
Direct Files « « « s « o o & s & o = =
Relative Record Files . « « « « « « &
Computing Center Supplied Subroutines
Debugging .« « « + « « s o s o o o +

Support Qualifications . . + « . . -
Sample Program . « « « « s s + o« o o o
Chapter 5: FORTRAN . . . . « « + « « « .

Choosing a Compiler .« . « + « & « = &
Invoking the Compilers . . . « « + « &
Compiler Files . . « « &+ &« & « & o o &
Execution Time Files . . . . . « .« .« .
Specifying Compiler Options . . « . &
Specifying Loader Optiomns . - & w
The Strange Behavior of SYSPRINT o v e
Memory Requirements for Compilation

FORTRAN Object Files « « « o o« & o &«

—

W Www

O WO 00

19
19
19
20
21
23
25
26
27
28
29
30
32
34
37
38
39

43
b4
44
45
46
48
49
49
50
50



FORTRAN Input/Output Considerations
Sequential Files « + + « &« &+ & « o« &
Direct Files . + + & o « o & o o s &
Computing Center Supplied Subroutines
Debugging .« « o ¢ o o &+ ¢ o o o o »

Chapter 6: PASCAL . . . « & « « « « &
Invoking PASCAL . . . . &« « « « & .
Procedure Files .+ + « &« « & & « & &

Separating Program Statements from Data

Files Used for Program Execution . .
I/O NOtes + « & o« o o o s o o o o &
Memory Requirements . . . . . . .

Compiler Options . +« & & & & o « & &
Listing Control . . . . . . . . . .
Saving Compiler Object Code . . . .

CHADTEE 73 PLAE v o wo i & & ir e o 5 »
PL/C Language Facilities . . . . . .
Invoking PL/C Under VPS . . . . . .
PL/C Control Statements . . . . . .
PL/C Compiler Options . . . « « . .
PL/C File Names Under VPS . . . . .
Sample PLIC BUB « o % o 6 o o 0 = &

Chapter 82 PLIL % %% 5 & 4 % 5.5 -5 &
IBM Manuals .+ ¢« ¢ o« « o o & o « 5 «

Invoking the PL/I Optimizing Compiler

Compiler Files ¢« « + « o v « o & o«
Execution Time Files + « + « « &+ « &
Specifying Compiler Options . . . .
Specifying Loader Options . . . . .
The Strange Behavior of Sysprint . .
Memory Requirements for Compilation
PL/I Object Files .« « « « o« « « 4« &

PL/I Optimizer Features Not Supported on

PLIL BLIEB. « v o min # ©omoin 5 % v
Consecutive Files .+ « « & o & + « &
Consecutive File Notes . . . . . . .
Regional Files « + v « v & &« & & o &
Computing Center Supplied Subroutines
Notes on Efficient Debugging . . . .

Chapter 9: SNOBOL . . . . « .« + « + .
Invoking SNOBOL . . « + & & & « & &
Default /FILE Statements . . . . . .
Input/Output Associations . . . . .

Chapter 10: WATFIV . . . . « + « « & &
The Language Supported by WATFIV . .
Invoking WATFIV . . . . « + « &« + &
WATFIV Control Statements . . . . .
WATFIV Compiler Options . . . . . .
WATFIV Input/Output Units . . . . .
WATFIV Sample Job .« « « « &« & « &

51
52
52
53
56

59
59
59
60
60
61
61
61
64
64

67
67
68
68
69
70
72

73
73
73

75
76
77
78
78
79
80
80
81
82
83
85
88

91
91
91
92

95
95
95
95
96
97
99



Interactive Debugging . « + « « « « ¢ « ¢ ¢« o« « s s = s « » » - 100
Interactive Debugging Sample Program . . . « « « « + &« « « « « « 101

Chapter 11: XPL . + &+ « o o o o o & o o o o o & & o & o & o o o & 105
Invoking XPL « ¢ « o o o o s s o s s o s o o s « o s o o o o o o 105
Procedure FIles « « « o« 5 o s o o 5 s « o o s s « s« ¢« s s » =« o 106
Separating Source From Program Input . . . « « « « ¢ « o & « « & 107
Other XPL FilesS « « o « « = o« o o s s s = s o » = « « + « « - = 107
The /JOB Statement + + « = « « = s = = = = s« » o o« s o o o o o » 107
Separating Compilation From Execution in Time . . . » « « « . . 108
ABEND Codes Returned by the Submonitor . . « . « « « « « « « . « 108

Appendix A: The /JOB Statement . . « « « « « « +« o« + « + « « « » » 111
Appendix B: Creating and Executing Load Modules . . . . . . . . . 113
Creating Load Modules . + - « « « « « o o o« o o + = « = = = » « 113
Executing Load Modules . « « + « o o o« o o o &+ o o o s o & = « = 114

Indes o % s 6 6 & % & & @ 0w w & 0w oEw R B & ok ow w0 B % ow oo ow v oddd






Introduction

VPS (Virtual Processor System) is a high-performance general purpose
timesharing system written by the systems staff of the Boston
University Computing Center. Unlike some highly specialized
interactive systems which are built to perform a unique process (e.g.
handle insurance claims, process bank transactions, find parking
violators, etc.), VPS is designed to allow users the ability to
create, maintain, and run a wide variety of programs and packages.

The programs described in this Guide are called compilers. In
general, a compiler is an application program which processes a
defined set of language statements (the programming language known to
that program) and produces machine language from these statements
which can be executed directly by a computer (in our case, an IBM
computer).

This is a unique manual in what it does not contain. For instance,
it does not contain information on VPS commands or the creation and
maintenance of source and data files under VPS. That information may
be found in the Handbook and the Utilities Manual and we assume you
know it. It does not contain a description of the language the
compiler accepts. Each compiler described in the following chapters
has a language reference manual for this purpose. It does not contain
error messages or codes produced by the compiler. That information can
also be found elsewhere.

What it does contain is a description of how the compiler interfaces
with the VPS operating system, the VPS control statements needed to
compile and execute programs in that language, the file structures
available on VPS supported by that particular language, any
differences between the compiler”s behavior on VPS versus its behavior
on its native system, and a list of the publications documenting the
language.

Readers may find that their favorite compiler is not documented in
this manual (a notable exception is LISP). Certainly, there are many
more programming languages available on VPS than are described in this
manual; however, time and manual size were factors we had to consider
while writing. Therefore, we chose to document only the most widely
used languages.

Compiler Support

The compilers documented in this manual are programs “"supported by
the Computing Center”. Loosely speaking that can be defined as a
program which is widely used by the computing community, installed by
Computing Center personnel, is distributed with adequate documentation
for users and the systems staff at the BUCC who must maintain it, and
is written by an organization responsible for fixing errors and
providing enhancements.

None of the compilers described in this manual were originally
written to run under VPS. A few have been modified to run in a mode
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Introduction

which we call ‘"native VPS" - directly using the facilities described
in the VPS System Facilties for Assembler Programmers Manual. However,
the newer compilers have not been modified and rumn in an "0S/VS
environment”. This environment is created through special VPS system
programs which emulate the IBM 0S/VS operating system. In this manner
the compilers need not be modified which allows faster installation of
new releases of a compiler, less chance of errors during execution (if
there is a compiler problem, usually it is an error in the compiler
not in VPS), and the ability to support a much wider range of programs
and packages. As time goes by we plan to use this technique on all the
compilers supported by the Computing Center.

Example Formats

Three types of examples are used in this manual - VPS control
statement examples shown in upper case, program examples shown in
lower case, and terminal session excerpts where system responses (*GO,
etc.) are shown in upper case to more easily differentiate between
what the imaginary user is entering and the associated response. Note
that depending upon the terminal type actual responses from VPS may
also be in lower case.

No matter how the examples are shown, if a command or statement is
to be typed in on a terminal IT SHOULD NOT BE TYPED IN UPPER CASE.

2 VPS Guide to Programming Languages



Chapter 1: ALGOL W

The ALGOL compiler supported on VPS is ALGOL W. ALGOL W was written
at Stanford University and is based on the ALGOL 60 language. The full
language specifications for ALGOL W can be found in "ALGOL W Reference
Manual" (STAN-CS-71-230) by Richard L. Sites, published by the
Computer Science Department of Stanford University. This manual is
available for reference at the Computing Center.

ALGOL W is a fast student-oriented compiler with excellent
dianostics and extensive debugging facilities. ALGOL W has not been
modified to run under VPS - rather, special VPS support programs
provide an "0S/VS" environment in which this compiler and its compiled
programs run. ALGOL W is a one-step compile and execute facility that
does not produce permanent object code.

Invoking ALGOL W

The ALGOL W compiler is invoked by placing the following control
statement before the first ALGOL source statement of a program:

/LOAD ALGOLW

Normally, this is done by placing the /LOAD statement first in a
source file with the VPS editor when the source file is created.

ALGOL H_Control Statements

ALGOL W recognizes two special control statements. The first,
%ZALGOL, signals the beginning of an ALGOL W source program and its
format is shown below.

#ALGOL |Time=sss | |,Pages=ppp | |,MARGin=72
010 009 80

TIME=
specifies the maximum execution time in seconds to be alotted for
the ALGOL source program. 10 seconds is the default. If the time
limit is exceeded, the execution is terminated. TIME= may be
abbreviated as T=.

PAGES=
specifies the maximum number of pages to be generated by execution
of the source program. 9 pages is the default. If the page limit
is exceeded, the program execution will be terminated. PAGES= may
be abbreviated as P=.

MARGIN=
specifies the number of columns to be read on each input data
record. The default value is 80, unless the source statements are
sequence numbered, in which case the compiler assumes the data
records are sequenced also and 72 is the default.

VPS Guide to Programming Languages 3



Chapter 1: ALGOL W

AZALGOL must begin in column 1, followed by a blank, followed by any
of the above options. The options may be entered in any order but must
be separated by commas.

The %DATA statement is used in the input stream to separate an ALGOL
program from its data. %DATA must begin in column 1.

The ALGOL W compiler allows multiple compilations and executions in
one job stream as long as the source and data are correctly delineated
with ZALGOL and %DATA statements. The following shows the standard
statement sequence for ALGOL programs:

/LOAD ALGOLW
%#ALGOL options

ALGOL source statements
#ADATA

program data

-

ZALGOL options

ALGOL source statements
ZDATA

program data

The ZALGOL statement is optional for the first source program in the
input stream if the programmer wishes to select all of the defaults.
The 7ZDATA statement is optional for any source program if the program
has no data in the input stream.

Compiler Options

The following is a list of the ALGOL W compiler options and a
description of their use. A full description can be found in the
Stanford "ALGOL W Reference Manual"”. Each option must begin in column
1 of a record and must appear between a %ALGOL control statement and
the next % statement. The option is in effect for that source program
only.

Option Description
SLIST Specifies whether the source statements should
SNOLIST be listed. SLIST is the default on the batch.

$NOLIST is the default at the terminal.

STITLE, "su." Places "..." (up to 30 characters) as a title
in the middle of the heading line.

$SYNTAX Specifies that the compiler is to analyze the
program for syntax errors, but not execute it.

$NOCHECK Specifies that subscript and undefined variable
checking is to be turned off.

B VPS Guide to Programming Languages



$DEBUG,0
$DEBUG, 1
$DEBUG, 2
$DEBUG,3(m)
$DEBUG,4(m)

$NORM,a, b

Chapter 1: ALGOL

Activates the tracing, statement counting, and
post-mortem dump facilities of ALGOL W. $DEBUG,0
specifies that minimum debugging options are

in effect. $DEBUG,l (the default) specifies that
a post-mortem dump of all variables should be
produced if the program terminates abnormally.
$DEBUG,2 produces the same output as 1 plus
statement counts will also be printed.
$DEBUG,3(m) produces the same output as 2 plus

a statement—by-statement trace of each value
stored is also printed. $DEBUG,4(m) produces the
same output as 3 plus a statement-by-statement
trace of each value fetched is also printed. If
tracing is specified ($DEBUG,3 or $DEBUG,4) and
the standard procedure TRACE is not used, then
each ALGOL statement will be traced in symbolic

o

form the first "m" times it is executed.

Activiates the floating—-point significance
tracing facilities of ALGOL W. This facility
interprets the operation of each floating-point
add and subtract executed by the program,
counting the number of base 16 digits of

preshift and postshift. If these shifts exceed
the limits specified by "a" and "b" respectively,
then a one-line SIGNIFICANCE ERROR message is
printed. The parameters "a" and "b" have a range
of from 0 to 16.

VPS Guide to Programming Languages



Chapter 1l: ALGOL W

Example

The following example shows an ALGOL program where, if abnormal
termination occurs, a post-mortem dump of all variables along with
statement counts is to be printed. )

/load algolw
Zalgol
$debug,2
begin
integer sum,count,numb;
while true do
begin;
sum := count := 0;
readon(numb); writeon(numb);
while numb™= -1 do
begin
sum := sum + numb;
count := count+l;
readon(numb); writeon(numb);
end;
if count = 0 then write("empty group")
else write("count ",count,"sum ",sum, "average
iocontrol(2);

*,sum/count )}

end
end
Zdata
13254617 -1
8767654543-1
-1

87 6665556054433227676768 787 88

6 VPS Guide to Programming Languages



Chapter 2: The Assembler

The Assembler supported on VPS is the IBM 0S/VS-VM/370 Assembler.
The assembler language supported by this assembler is documented in
the IBM  publication "0S/VS-D0S/VS-VM/370 Assembler Language”
(GC33-4010). Information on its use can be found in the IBM
publication "0S/VS-VM/370 Assembler Programmer”s Guide” (GC33-4021).

Unlike the compilers described in this manual, the Assembler has
been modified to run in the native VPS environment (the system
programs that create an "0S/VS" environment are not necessary to
assemble a program). However, the object code generated is identical
to that produced by the unmodified Assembler. Programs may be
assembled which are intended for use on VPS or VS and in fact,
programs written for VS may be run on VPS in the "0S/VS" environment
(see below).

Invoking the Assembler

The VS Assembler is invoked by placing the following control
statement before the first assembler source statement of a program:

/LOAD VSASM,PARM="parml,parm2,...”

Normally, this is dome by placing the /LOAD statement first in a
source file with the VPS editor when the source file is created.
Information on the parameters which may be passed to the Assembler
using the PARM= keyword can be found in the section "Specifying
Assembler Options”.

In reality, not only does the /LOAD statement call the VS Assembler,
but it also invokes a corresponding VPS internal procedure. A VPS
internal procedure consists of a set of VPS control statements needed
to assemble most source programs. These control statements may be
overridden at execution time by programmer-supplied statements. The VS
Assembler procedure invoked using /LOAD VSASM at the terminal is shown
below:

/FILE UNIT=(DISK,NAME=SYSUT1),SPACE=(TRK, (30,5))
/FILE UNIT=(DISK,NAME=SYSUT2),SPACE=(TRK, (30,5))
/FILE UNIT=(DISK,NAME=SYSUT3(,SPACE=(TRK,(30,5))
/FILE UNIT=(TERMOUT ,NAME=SYSPRINT)

/FILE UNIT=(LIBIN,NAME=SYSIN),DSNAME=<{input stream>
/FILE UNIT=(LIBOUT,NAME=SYSPUNCH),DSNAME=%2

/FILE UNIT=( TERMOUT,NAME=SYSTERM)

/LOAD VSASM

Procedure Files

The default /FILE statements in the VPS VSASM procedure are
described below:

VPS Guide to Programming Languages /



Chapter 2: The Assembler

File Use

SYSUT1, Defined as temporary work files. Used by the
SYSUTZ, Assembler as scratch files during assembly.
SYSUT3

SYSPRINT Defined as the terminal when assembling at the

terminal or as the high-speed printer when
assembling on the batch. Used by the Assembler
as the output listing file.

SYSIN Defined as the input stream. Used as the input
to the Assembler.

SYSPUNCH Defined as the *2 file when executing at the
terminal or as the card punch when assembling
on the batch. Used by the Assembler as the output
object file (if DECK appears in the parameter
list — see below).

SYSTERM Defined as the terminal when assembling at the
terminal. Used by the Assembler for diagnostic
messages and statistics.

Specifying Assembler Options

As shown above, Assembler options, or parameters, may be passed to
the VS Assembler using the PARM= keyword of the /LOAD statement. If
parameters are passed to the Assembler they must be enclosed in single
quotes and separated with commas. The following is a subset of the
compiler options accepted by the VS Assembler. A full description of
all the options may be found in the Assembler Programmer”s Guide. Note
that default optfons are underlined.

Option Description
LIST Controls the printing of an output listing on
NOLIST SYSPRINT. NOLIST is the default on the

terminal, LIST is the default on the batch.

ALIGN Controls the alignment in the object module
NOALIGN produced and the checking of alignment
violations. For example, if NOALIGN is specified
F-type constants will not necessarily appear
on fullword boundaries.

ALOGIC Controls the listing of conditional assembly
NOALOGIC statements in open code.

ESD Controls the listing of the external symbol

NOESD dictionary.

DECK Controls the writing of an object module to

NODECK SYSPUNCH.

8 VPS Guide to Programming Languages



Chapter 2: The Assembler

OBJ Controls the writing of the object module to

NOOBJ to SYSGO. Note that a /FILE statement must be
placed in the job stream defining SYSGO if OBJ
is specified.

RENT Controls the checking of reentrancy violations
NORENT in the input source.

RLD Controls the listing of the relocation

NORLD dictionary.

XREF(FULL) Controls the listing of the cross reference. A
XREF(SHORT) FULL listing includes symbols that are not
NOXREF referenced.

MACLIB=(VPSMAC, Specifies the VPS library indexes to be searched
MACLIB) for MACRO definitions. VPSMAC contains the VPS
MACROs described in "VPS System Facilities for
Assembler Programmers”. MACLIB contains the VS
MACRO library described in various IBM manuals.
The order specified is the order searched.

Assembling — An Example

The following example shows a library file ready for assembly at the
terminal. The listing file is to be printed on the high-speed printer
by overriding SYSPRINT. A deck is requested and will be written to the
*2 file. VPSMAC, MACLIB, and USERLIB will be searched for MACRO
definitions.

JFILE UNIT=(PRINTER,NAME=SYSPRINT)
JLOAD VSASM,PARM="DECK,LIST,MACLIB=(VPSMAC,MACLIB,USERLIB)”
TEST CSECT

BALR 12,0
USING *,12
ST 14,SAVEl4
SLR 3,3
READ DS OH
QGET RECORD,RB=INRB
LA 3,1(;3)

-
3

.

Executing Assembler Programs

After object code is written to the temporary *2 file (by specifying
DECK in the parameter list), it may be saved in a permanent VPS
library file using the /SAVE or /RSAV commands (see the VPS Handbook).
Object code saved in this manner can be executed in either the native
VPS environment or in the "0S/VS" environment with FORTRAN, PL/1l, or
COBOL source programs or by itself.

If an assembler program uses system facilities and/or MACROs
described in the manual "VPS System Facilities for Assembler

VPS Guide to Programming Languages 9



Chapter 2: The Assembler

Programmers” the program may be executed in the native VPS
environment. If an assembler program is written as a subroutine for a
source program in a higher level language and/or if it uses system
facilities or MACROs documented in IBM publications it must be
executed in the "0S/VS" environment.

To execute an assembler program in native VPS, the following control
statement must precede the object module(s) to be executed:

/LOAD LOADER

This control statement invokes the VPS Loader which loads and executes
the object found in the job stream. The VPS Loader is described in the
VPS Utilities manual.

If the program is to read data from the input stream (SYSIN, unit
5), a /DATA control statement must separate the object from the data.
For a job run at the terminal the following default /FILE statements
will be used:

/FILE UNIT=(5,LIBIN,NAME=SYSIN),DSNAME=<input stream>
/FILE UNIT=(6,TERMOUT,NAME=SYSPRINT),RECFM=FA

JFILE UNIT=(9,TERMIN)

JFILE UNIT=(10,TERMOUT,NAME=SYSSAVE),DSNAME=%2

If any other files are to be defined or default files overridden,
appropriate /FILE statements must be placed in the job stream before
the /LOAD LOADER statement.

For assembler programs to be run with a higher level source program,
see the appropriate chapter in this manual for information pertaining
to the inclusion of object in the job stream. For assembler programs
to be run in the "0S/VS" environment without higher level source,
either Chapter 5, describing FORTRAN, or Chapter 8, describing PL/1,
should be consulted for information on executing straight object.
Except for the differences in default execution /FILE statements,
either /LOAD statement will provide the same "0S/VS" environment.

Assembler Program Execution Example

In this example an assembler main program object has been saved in
the VPS library file AMAIN and its assembler subprogram object has
been saved in the file ASUB. Data is to be read from the input stream
from the file ADATA and a work file, UR.PLG123.0UTFILE, is to be
created. The following file will execute the program in the VPS native
environment:

/FILE UNIT=(DISK,NAME=OUTPUT),DSNAME=UR.PLG123.0UTFILE,RECFM=FB,
/ LRECL=80,BLKSIZE=4160,DISP=(NEW,KEEP ,DELETE),SPACE=(TRK,(1,1))
/LOAD LOADER

/INC AMAIN,ASUB

/DATA

/INC ADATA

10 VPS Guide to Programming Languages



Chapter 3: BASIC

The BASIC language currently supported on VPS is the IBM CALL/360-0S
BASIC, Version 1.l1. The language is fully documented in the IBM
publication "CALL/360-0S BASIC Language Reference Manual” (GH20-0699) .
This compiler has been modified to run under VPS. The following
sections describe the language elements implemented in this version of
BASIC, its use on VPS, and some helpful debugging hints.

CALL BASIC Language Elements

Constants
CALL BASIC supports the following types of constants:

Numeric constants - numbers are stored as double precision
floating point values. This allows up to 16 decimal digits of
precision in a numeric constant. However, under CALL BASIC the
maximum integer that can be read or printed contains 15 digits
and the maximum real number that can be printed without FORMAT
control (the PRINT USING statement described later in this
chapter) has 10 digits. Fifteen digit real numbers may be
printed with the PRINT USING statement.

Literal constants — literal values such as character strings may
be represented as constants by enclosing them in either single
(") or double (") quotation marks. A literal constant may
contain a maximum of 18 characters, including blank spaces.

Internal constants - CALL BASIC supports the following 3 internal
constants:

&pi (the value of pi) 3.141592653589793
&e (the value of e) 2.718281828459045
&sqr2 (the square root of 2) 1.414213562373095

Variables
The following types of variables are supported:

Numeric variables — may be assigned a value of up to 16 decimal
digits of precision. Numeric variables are represented by a
letter of the alphabet, optionally followed by a digit in the
range from 0 to 9. The symbols @ $, and # may also be used as
"letters" to form numeric variable names. Examples of numeric
variables are:

a=>5.3
cl = 1234.5678
@ =10

Character string variables - are used to store literal data. Under
CALL BASIC such a variable is represented by a letter followed

VPS Guide to Programming Languages Ll



Chapter 3: BASIC

by a dollar sign (%). A character string variable may contain up
to 18 characters. If uninitialized, it will contain 18 blanks.
Examples of character string variables are:

a$ = “this is a string”
f$ = "some would call me a literal”
$S = "1 am one also”
Arrays - in CALL BASIC may be one dimensional vectors or two

dimensional and matrices may be explicitly defined by use of the
DIM statement or implicitly defined by use of a subscript value.
The latter will have either 10 or 100 elements depending upon
whether one (a 10 element array) or two (a 10 X 10 element
array) subscripts are used. Only non-zero positive integers may
be used as subscripts.

Numeric arrays are represented by a single letter followed by
one or two subscripts enclosed in parentheses. Examples are:

a(10)
b(4,8)
#(2)

Character string arrays are designated by a single letter
followed by a dollar sign ($), followed by a single subscript
enclosed in parentheses. Each element may contain up to 18
characters. Examples are:

a$(10)
3$(4)

A numeric array may have a maximum of 3583 elements and a
character array may have a maximum of 1592 elements. The total
amount of space available for the storage of arrays is 28,668
bytes.

ators

Oper

CALL

BASIC supports the following operators for the manipulation of

constants and variables.

12

I+
*

[

Il VV/“\A b R ]

et
A4

addition
subtraction
multiplication
division
exponentiation
less than

less than or equal
greater than
greater than or equal
equal

not equal
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Chapter 3: BASIC

BASIC Statements

The following statements are implemented in CALL BASIC:

DATA MAT PRINT
DEF MAT READ
DIM NEXT

END PAUSE
FOR PRINT
GOSUB PRINT USING
GOTO (computed) READ

GOTO (conditional) REM

IF RESET
IMAGE RESTORE
INPUT RETURN
LET STOP

BASIC Functions

The following functions are available in CALL BASIC:

SIN(X) sine of x radians

COS(X) cosine of x radianms

TAN(X) tangent of x radianms

COT(X) cotangent of x radians

CSC(X) cosecant of x radiams

ASN(X) arcsine of x radians

ACS(X) arc—cosine of x radiams

ATN(X) arctangent of x radians

HSN(X) hyperbolic sine of x radians
HCS(X) hyperbolic cosine of x radians
HTN(X) hyperbolic tangent of x radians
DEG(X) convert x from radians to degrees
RAD(X) convert x from degrees to radians
EXP(X) e to the x power

ABS(X) absolute value of x

LOG(X) log x to the base e

LTW(X) log x to the base 2

LGT(X) log x to the base 10

SQR(X) positive square root of x

RND(X) generate a random number between O and 1
INT(X) integral part of x

SGN(X) sign of x (-1, 0, +1)

The following array functions are also supported:

CON set all elements to 1

IDN set matrix to the identity matrix
INV invert matrix

TRN transpose matrix

ZER set all elements to zero

VPS Guide to Programming Languages 13




































































































































































































































































































































