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About This Manual

This manual describes how to use IBM BASIC to design, develop, test, and run
programs written in the BASIC language. IBM BASIC translates BASIC source
programs into machine language for processing inside and outside the BASIC
environment. IBM BASIC is available as two program products:

« IBM BASIC/VM, which runs under the Virtual Machine/System Product—
Conversational Monitor System (VM/SP-CMS), batch and interactive

o« IBM BASIC/MVS, which runs under MVS/SP batch, and with the Time
Sharing Option (TSO) or the Time Sharing Option/Extended (TSO/E) batch
and interactive

This manual provides guidance for using IBM BASIC to develop BASIC programs.
It is not intended to be used as a reference manual; that is, it does not give detailed
information for coding BASIC programs. For reference information, see /JBM
BASIC Language Reference.

O The information in this manual is system-independent; this means it applies to all
operating systems under which IBM BASIC runs. For information about a specific
operating system, see your IBM BASIC System Services manual for the IBM
BASIC product you are using.

The names IBM BASIC and BASIC are used when referring to the common
| features of both IBM BASIC/VM and IBM BASIC/MVS.

Manual Organization

This manual is designed for the following users:

o Persons who have acquired fundamental skills in BASIC, either through an
instructional manual such as IBM’s B is for BASIC, GC26-4102 or some other
form of instruction

« Beginning users with little or no data processing experience, who need
documentation introducing them to the principles of BASIC and of computing

o Programmers with or without programming experience in BASIC, who need
documentation on how to use IBM BASIC at the full language level

_,/\ This manual is organized as follows:
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* “Logging On and Connecting to IBM BASIC” on page S5 tells how to log on and
off the system and IBM BASIC.

e “Program Development Inside the BASIC Environment” on page 7 tells how to
use the BASIC commands in writing, editing, and processing BASIC

programs.

e “Designing BASIC Programs” on page 37 gives useful tips on designing BASIC
programs.

e “Writing BASIC Programs” on page 39 gives guidance on using BASIC
features to help you code BASIC programs.

¢ “Performing Input/Output’ on page 89 gives guidance on using BASIC
features to perform input/output operations.

o “Handling Exceptions” on page 129 gives guidance on how to handle exception
conditions.

« “Defining and Calling Subprograms” on page 137 tells you how to write and
invoke subprograms, how to invoke subprograms written in other languages,
and how to access GDDM and relational data bases.

o “Running Your Programs — Using the RUN Command” on page 189 gives
information on running BASIC programs inside the BASIC environment.

e “Running Your Programs — Compiled Execution’ on page 194 gives
information on compiling and running BASIC programs both inside and
outside the BASIC environment.

e “Debugging Your Programs” on page 207 gives guidance on finding and
correcting errors using the debugging features of BASIC

o Appendixes A, B, and C on page 219 contain BASIC examples, including
examples of calling GDDM and SQL.

e« Appendix D, “The SQL Sample Tables” on page 249 contains the sample
tables used in the SQL examples.

« Appendix E, “The STATS Subprogram” on page 253 contains a general
purpose statistics subprogram used in one of the SQL examples.

» The glossary on page 255 gives definitions for many of the terms used in this
book.

This book is organized to reflect the tasks a user must perform in developing
BASIC programs.

Note: Some examples in this manual feature interaction between the user and the

system. To distinguish between user input and system output, the user input is
shown in blue.
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Industry Standards

Q IBM BASIC is designed according to the specifications of the following industry
standards, as understood and interpreted by IBM as of December, 1981:

American National Standard for Minimal BASIC, ANSI X3.60-1978

International Organization for Standardization proposed standard ISO
Minimal BASIC dp ISO-6373

European Computer Manufacturers’ Association, Standard
ECMA-55 Minimal BASIC, January 1978

These standards are technically equivalent.

IBM BASIC has many additional capabilities not contained in the above standards.

Related Documentation

This manual should be used with the following IBM BASIC manuals:

IBM BASIC Language Reference, GC26-4026, gives the syntax and rules for
using BASIC statements, commands, and functions.

IBM BASIC/VM System Services, SC26-4028, provides guidance and
: 3 reference information specific to using IBM BASIC under VM/SP-CMS.

IBM BASIC/MVS System Services, SC26-4106, provides guidance and
reference information specific to using IBM BASIC with MVS, TSO, and TSO
Batch.

IBM BASIC Language Reference Summary, SX26-3736, is a convenient,
pocket-sized, quick-reference card that summarizes BASIC language elements.

If your BASIC programs communicate with the Graphical Data Display Manager
(GDDM), you will find the following manuals useful:

Graphical Data Display Manager Base Programming Reference, SC33-0101.

Graphical Data Display Manager Presentation Graphics Feature: Programming
Reference, SC33-0102.

Graphical Data Display Manager Presentation Graphics Feature: Interactive
Chart Utility: User’s Guide, SC33-0111.

If your BASIC programs communicate with IBM Database 2 (DB2) or Structured
Query Language/Data Systems (SQL/DS), you will find the following manuals
useful:

IBM DATABASE 2 Introduction to SQL, GC26-4082
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IBM DATABASE 2 Application Programming Guide for TSO Users,

SC26-4081 ‘\ .

IBM DATABASE 2 Messages and Codes, SC26-4113
SQL/Data System Application Programming, SH24-5018
SQL/Data System Messages and Codes, SH24-5019

If your BASIC programs communicate with FORTRAN, COBOL, or PL/I, you
will find the following manuals useful:

VS FORTRAN Language and Library Reference, GC26-4119

VS COBOL II Application Programming: Language Reference, GC26-4047

OS and DOS PL/I Language Reference Manual, GC26-3977

vi IBM BASIC Programming Guide



Summary of Amendments

IBM BASIC Release 2, February 1986

Product Enhancements

Full-Screen Editing

You can now make changes to any program line that appears on your screen.
Program Function Key Support

PF keys can be set to execute frequently used commands.

User Profile

You can specify commonly used function key settings and program options in a
special PROFILE data set. The PROFILE is then processed automatically
when you invoke BASIC.

Real Data

There are two additional numeric data types, REAL SINGLE and REAL
DOUBLE. Mathematical computations performed using these data types
execute significantly faster than those using BASIC’s DECIMAL data type.
The use of REAL data also makes BASIC’s interface to FORTRAN more
useful.

DECIMAL Data

The exponent range has been extended from +75 to +999, making DECIMAL
data suitable for engineering and scientific users.

FORTRAN, COBOL, and PL/I Interfaces

Numeric and character arrays can now be passed to subprograms written in
these languages.

GDDM Interface
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You can now pass GDDM function names as well as RCP codes. You can also <
invoke GDDM’s Interactive Chart Utility (ICU) from BASIC. ‘\

=

Relational Data

You can now access data managed by IBM’s relational data base systems (DB2
and SQL/DS) with the CALL SQL interface.

MVS/XA Support

MVS/XA support makes very large programs and data arrays possible.
BASIC can reside above the 16 megabyte line and use 31-bit addressing.
BASIC can also be installed in the extended link pack area.

VM Tape Support

BASIC now supports multi-file tapes.

Major Changes to the Book

The Programming Primer section (part 1) has been removed. A new IBM
BASIC publication, B is for BASIC, GC26-4102 will take the place of this

section.

The title of the book has been changed to IBM BASIC Programming Guide.

Sections on full-screen editing have been added. ‘\
Sections on Programmable Function (PF) keys have been added.

A section on using profiles has been added.

A section on using the SET commands has been added.

A section on real data has been added.

A section on the Graphical Data Display Manager (GDDM) has been added.

A section on using SQL to access relational data bases has been added.

The chapter previously named ““Writing IBM BASIC Programs” has been

reorganized into four chapters: ‘“Writing BASIC Programs,” “Performing
Input/Output,” “Handling Exceptions,” and “Defining and Calling

Subprograms.”
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/) IBM BASIC/MVS Release 1.0

New Program Product
The IBM BASIC Processor and Library are now available under MVS/SP as IBM

BASIC/MVS (Program Number 5665-948). Information about the product has
been added to this manual.

IBM BASIC/VM Release 1.1

Product Name Changed
The IBM BASIC program product, which runs under VM/SP-CMS, has been
renamed to IBM BASIC/VM to differentiate it from the related product, IBM
BASIC/MVS, which runs under MVS/SP.
IBM BASIC is used when referring to the common features of both products.

Publication names have been changed where required to indicate information
specific to each product.

o

Subprogram Portion of Text Expanded

The subprogram section has been enlarged to include information on calling
Assembler subprograms from IBM BASIC.
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Introduction

The BASIC language is an easy-to-learn, easy-to-use computer language applicable
to a wide range of scientific and business applications. Many people introduced to
programming for the first time get that introduction through BASIC, and for good
reasons. BASIC is not only easy to learn and use, it has the programming
capabilities needed for much more than mere problem solving.

Now IBM BASIC has added many functions to previous BASIC program products,
to make BASIC an even more versatile programming tool than ever before. IBM
BASIC has the power needed for production programming, language constructs
that allow lengthy and sophisticated programs, self-documenting capabilities that
make programs easy to maintain, versatile input/output and file access methods
that make complicated input/output easier to achieve than before, and all this
without losing the simplicity that has always been BASIC’s strongest point.

IBM BASIC provides:
o A set of statements, designed for easy understandability

o An easy-to-use command set, designed especially for editing, running, and
debugging BASIC programs

« A set of immediate statements, designed both for use in desk-calculator mode
and for program debugging

These facilities ensure that you are for the most part free of operating system
concerns when developing and running programs.

Source programs in BASIC consist of statements you write to solve your problem;
these statements must conform to BASIC programming rules.

As you enter each statement, its syntax is immediately examined by BASIC. If
there are errors, you are immediately given an error message and can then make
any needed corrections.

After your program is complete, you can run it immediately, or you can save it for
later execution.

To assist you in these activities, BASIC provides you with a set of commands,
developed especially for BASIC. These commands let you edit your programs,
place them in permanent storage, correct errors in them, and execute them directly
from the terminal.

The BASIC immediate statements also assist you in these activities.
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With few exceptions, a BASIC program entered or compiled under one supported

operating system will run and produce identical results under any other supported (63‘
operating system, except as described below. The exceptions are: /
» System-dependent functions invoked in the CALL SYSTEM statement

« System-dependent file names in the OPEN and CHAIN statements and in
commands

« System-dependent exception codes

Terminology Note and Other Notes

IBM BASIC runs under two different operating systems, each of which uses
different terminology to refer to stored data. For example, under VM/SP CMS,
data is stored in files, and under MVS and TSO, data is stored in data sets. This
manual uses file to refer to stored data. See your IBM BASIC System Services
manual for information on using files.

Some examples in this manual feature interaction between the user and the system.
To distinguish between user input and system output, the user input is shown in
blue.

Note for remote-display terminal users: If you are experiencing slow response

time, switching to LINE mode may help. The original setting is determined by the

installation option, and is usually SCROLL mode. All the examples in this book

assume you are in SCROLL mode. In SCROLL mode, the input line is at the <
bottom of the screen; the lines you enter are scrolled up the screen. To switch ﬁ
modes, use the SET TERM command. (See “SET TERM Command” on

page 32.) You can also switch modes from a program, using the CALL BASIC

statement. (See “Using the SET TERM Command from a BASIC Program” on

page 147.)

Many examples show a program by listing it using the LIST command. That
program is assumed to be the one in the workspace for the example.

Inside or Outside the BASIC Environment

2

You can use BASIC in two modes: inside the BASIC environment, or outside the
BASIC environment.

When operating inside the BASIC environment, you have all the facilities of BASIC.
BASIC commands, editing features, and “immediate” statements are available, in
addition to the BASIC programming language. You can create, debug, modify, and
run BASIC programs using an interactive terminal with little or no knowledge of
the host system. This document assumes you are inside the BASIC environment
unless otherwise stated.

When operating outside the BASIC environment, you can both compile programs

(with the BASIC command) and execute pre-compiled programs (with the

BASICRUN command). You invoke BASIC as a compiler directly from the host (f |
system for each source program file to be compiled. You can elect to produce an '
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- object program file and a listing file. When outside the BASIC environment you
) can also compile and execute BASIC programs using your host operating system’s
batch capabilities. Using batch, compilation and execution are system dependent.
See your IBM BASIC System Services manual for details. For more information
on operating outside the BASIC environment see ‘“Compiled Execution — Outside
the BASIC Environment’’ on page 196.
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Logging On and Connecting to IBM BASIC

The easiest way to create a BASIC program is at the terminal, using the interactive
editing facilities provided inside the BASIC environment.

Before you can begin building a BASIC program from the terminal, you must log
on to the system, using your organization’s logon procedure. See your IBM BASIC
System Services manual for more details on logging on and invoking BASIC.

After you’ve logged on to your operating system, you can invoke the BASIC
environment by issuing the following command:

basic

This activates IBM BASIC allowing you to operate inside the BASIC environment.
(Your organization may have another invocation procedure; check with your
system administrator.)

/\) BASIC then displays the following message:
IEM BASIC/s VERSION x RELEASE y.z yyyy/mm/dd hh:mm

to indicate it is waiting for your input. (The s is the operating system identification,
VM or MVS, for the IBM BASIC product you are using. The x is the version, and
y.z is the release of IBM BASIC you are using. The yyyy/mm/dd is the current
date, and Ah:mm is the current time.) The asterisk prompt is IBM BASIC’s
indication that you are expected to enter a BASIC command, immediate statement,
or statement beginning with a line number. The underline shows the cursor
position (that is, the place where the next character can be entered).

Logging On and Connecting to IBM BASIC 5
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| Program Development Inside the BASIC Environment

This chapter tells you how to use the terminal to create a program, how to test the
program after it’s created, and how to make corrections to it. You can do this
through the BASIC commands and editing facilities.

BASIC programs are composed of program statements. To edit and debug your
programs, you can use immediate statements and commands.

You can enter information in uppercase, lowercase, or mixed case. In this book,
most examples are shown in lowercase. Names of statements, commands, and
other items are shown in uppercase when not in examples.

Program Statements: Every BASIC program consists of program statements. The
first program statement on each line of a program must be preceded by a line
number. For example:

150 let a = b * ¢

When you enter program statements, they are checked for errors and then saved
for future reference. Only when you compile or run the program are the lines
processed.

Immediate Statements: Immediate statements are executed as soon as you enter
them. Immediate statements do not have a line number; for example:

leta=b*c

You can use immediate statements in calculator mode — that is, use them for
solving problems in the same way you would use a desk or pocket calculator. You
can also use immediate statements to inspect or change program variables during

debugging.

Commands: BASIC commands are also executed immediately. Commands do not
have line numbers; for example:

delete 100 to 140
tells BASIC to erase workspace lines 100 through 140.

You can use the BASIC commands to edit and debug your program after you’ve
initially entered it.
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Creating Your Program ﬁ

Entering Line Numbers

Every BASIC program you write is composed of statements preceded by a line
number. Program statements require line numbers; commands and immediate
statements do not begin with numbers. Ordinarily, you’ll write one statement for
each line of the program. These statements are also known as source statements
and the program as a source program.

In a BASIC program, each line begins with a line number. The line numbers
identify each line in your program; you can use them as reference points within the
program itself, or when you’re editing the program later. You can enter the line
numbers yourself or use the AUTO command to have them entered automatically.
The line number also determines the order in which the statements are to be
processed. All statements are processed in numeric sequence, regardless of the
order in which you entered them, unless the sequence is altered by branches, loops,
or subroutines. The allowable range of line numbers is 1 to 9999999.

BASIC maintains the program you are currently working on in the workspace—an
area of storage reserved for a user’s exclusive use. When you log on, your
workspace is empty. When you create a program it is entered, line by line, into the
workspace. When you have finished working on the current program, you can save
it. The workspace is the collection of information which completely describes the
program you are currently editing and/or executing. This includes the program
itself, the data being acted upon, and other information concerning the status of the

program.

Yourself

When you first enter the BASIC environment, BASIC displays an asterisk to
prompt you to enter a line.

*

The underscore represents the screen cursor, which shows where you will begin
entering input.

If you enter a line number, your entry is a program statement rather than a
command or immediate statement and is retained in your workspace for processing
later.

When you’re entering program line numbers, it’s a good idea to number the first
line with some number other than 1 (say 100), and to use a line increment larger
than 1 (say 10); this gives you some room for inserting new lines between existing
ones. For example:
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100 print “have"
110 print "a
120 print "day"
115 print "nice'
130 end

run

have

a

nice

day

END AT LINE 130.

'

* * % % ¥

*

You can see that when we realized that we had forgotten to include “NICE” in our
program, it was a simple matter to include it. Notice that line 115 is entered out of
order. There is no need to be concerned. If you type in the lines out of order,
BASIC rearranges them in the proper sequence by line number.

If you try to enter two different program lines using the same line number, BASIC
only remembers the last entry with that number. For example:

* 100 print "this is number one"
* 100 print "this is number two"
* 110 end

* run

this is number two

END AT LINE 110.

The only line number 100 you will have in your program is the last one you
entered.

/\} In addition, during program creation, you can enter a line number with no other
input and then press the ENTER key and BASIC deletes that line.

l * 500
LINE 500 DELETED.

Line-by-Line Syntax Checking
As you type each line, BASIC checks it for syntax errors.
Example:
* 100 let a = b* - ¢
###1) BAS30122S NU;ERIC TERM EXPECTED.
This is incorrect, as you cannot follow a multiplication sign with a minus sign.
BASIC informs you of the error as follows:
| « A 1lis printed beneath the point in the line at which the first error is detected.
o The message is keyed to that number and tells what the error is.

You can now correct the statement:

5 * 100 let a = b * (-c)
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If you enter a line with more than one error, a 2 appears under the second error, a
3 under the third error, etc. For example: ﬁ

* 100 s$ =(asb$)(4:7)(2:3)
1 2 3
###1) BAS30131S END OF IDENTIFIER OR CONSTANT EXPECTED.
###2) BAS30161S STATEMENT KEYWORD, VARIABLE, OR ARRAY ELEMENT EXPECTED.
###3) BAS30161S STATEMENT KEYWORD, VARIABLE, OR ARRAY ELEMENT EXPECTED.

The HELP command can be used to get more information about error messages;
simply enter HELP or HELP followed by the 8-character message code. See
“Using the Diagnostic HELP Command” on page 216 for more information. (The
HELP command can also be used when you want more information about a
specific command or statement or if you want tutorial assistance. See “Getting
Help With the HELP Command” on page 34.)

Numbering Your Lines Automatically — AUTO Command

You can automatically number your program lines as you enter them if you use the
AUTO command. The line number will then appear as a prompt:

* auto
* 100 _

Enter the statement after the line number. When the workspace is empty, BASIC

begins line numbering at 100 and displays a number 10 higher after you have

entered each line. Each time you enter a line, BASIC prompts you by displaying

the next line number: ,( )
* auto

* 100 print "have"

¥ 910

If you don’t want to begin numbering at 100 and want the line increment to be 5,
you can do this by entering an optional beginning line number and an optional
increment:

auto 500 step 5
500 print "have"
505 print "a"
510 print "nice
515 print "day
520 end

525 _

* % % o % F ¥

This AUTO command specifies that you want numbering to begin at 500 and to
increase by 5.

If you already have a program in the workspace and do not specify a starting line
number, the AUTO command begins numbering from the highest number in your
workspace plus the increment.

For example:

515 print "day"

520 end 7‘
auto step 5 ‘ ‘j
525 _

* % * *
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: ) Ending Automatic Line Numbering

To stop automatic line numbering, respond to the line number prompt with a null
line by pressing the ENTER key instead of entering text. BASIC stops automatic
line numbering and responds with its normal prompt.

BASIC will also end automatic line numbering if:

e Your next line number overlaps an existing line. This could happen if you are
adding lines in the middle of your program. You’ll get an error message.

e Your next line number exceeds 9999999 (the highest line number allowed).
You’ll get an error message.

o The line you have just entered has a syntax warning or error. The warning or
error in the line is flagged, and you’ll get a message. The line may then be
corrected by reentering the line, and you may resume automatic numbering
with a new AUTO command.

o The line you have just entered has a different line number or no line number.

Writing More Than One Statement on a Line

You can enter more than one statement on a single program line. Your first

statement follows the line number. If you enter a colon (:) at the end of your
, statement, you can then enter an additional statement on the same line. For
/\) example:

* 100 let a=5 : let b=10 : let c=15

is functionally equivalent to the three following separate LET statements:

* 100 let a=5
* 110 let b=10
* 120 let c=15

Entering a Statement on Multiple Lines

You can continue BASIC statements from one line to the next. This is convenient
for long statements like OPEN or FORM.

To continue a statement on the next line, type an ampersand (&) as your last
nonblank character on the line. BASIC prompts for the next line with an
ampersand. For example:

* 500 print "have", &

TR
You can continue statements for as many lines as you need. However, you cannot
continue a keyword, identifier, constant, or comment.

The maximum length of each line in a BASIC program line is 156 characters

fﬂ‘ including the line number and/or the continuation symbol (&). The total number
of characters in a BASIC program line is limited only by the storage available.
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Editing Your Program

If you want to edit a program that is already in your workspace, you can begin
immediately. However, if the program has been saved, you must first move it into
your workspace from your library.

Your library is an area of auxiliary storage reserved for your use in which you can
place your programs (either while you are developing them or after they’ve been
completely debugged) for future reference.

To move a program into the workspace from your library, you issue a LOAD
command. For example:

* load oldpgm
loads the previously saved program, named OLDPGM, into your workspace.

If you want to know what programs are saved in your library, you can issue the
QUERY command. For example:

* query program

gives you a display of all the BASIC program files in your library. You can also
query for the presence of a specific file, for all the data files, and for all files of all

types.

After the program is in your workspace, you can edit the program by line number,
with full-screen editing, or by using commands. Each method is discussed below.

Editing By Program Line Number

Editing Continuation Lines

If you want to replace a program line you have already entered, enter a new line
with the same line number. For example:

* 510 x=y+l
* 510 x=y

replaces the original statement X=Y+1 with the statement X=Y.

You can delete existing program lines by typing the line number and then pressing
the ENTER key. For example:

* 510

removes the statement(s) at line 510 from your program.

Continuation lines (also called line segments) within a multiline statement are
assigned segment numbers relative to the original line number. For example:
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Deleting Continuation Lines

Program Line Segment Number

500 print "have", & 500.0
&"a", & 500.1
& "nice'", & 500.2
& "day" 500.3

You can replace individual continuation lines by typing the line number and the
relative segment number. For example:

* 500.2& "wonderful", &
changes ""nice" to "wonderful".

Whenever you change any part of a line, BASIC checks the syntax of the entire
line and reports any error. In particular, if you modify a continuation line so that
the continuation ampersands are incorrect, you get an error message, and the
incorrect continuation lines are still present even though they are not syntactically
correct.

You can refer to continuation lines by segment number when:

o You are editing by line number, by following your line number with the
segment number.

e You are using a special form of the CHANGE command (described later) to
recall a particular continuation line to the terminal screen so you can edit it
with the terminal’s editing keys to insert and delete characters.

All other references to line numbers within your program and in BASIC commands

are to simple line numbers and designate the entire line, continuation lines
included.

You can delete continuation lines by entering the line number and the relative
continuation number. For example:

* 500.2
deletes the continuation line at 500.2.

If the continuation lines originally were:

Program Line Segment Number
500 print "have', & 500.0

&"a", & 500.1

& "very", & 500.2

& "nice'", & 500.3

& "day" 500.4

The continuation lines after the delete are:
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Program Line Segment Number

=\

500 PRINT "have", & 500.0
&"a", & 500.1
& "nice", & 500.2
& "day" 500.3

Inserting Continuation Lines

Full—-Screen Editing

To insert a new continuation line after the continuation line 500.1, you enter:

* 500+2& "very",&

and the complete line now lists as

500 print "have",&
& llall ,&
& "very",&
& "nice",&
& “da_y“

If you try to insert a continuation line after the last continuation line, by entering:

* 500+5& "all day"

you will get a syntax error; the fourth continuation line does not end with an

ampersand. Therefore, attempting to add another continuation line will cause a

syntax error. To avoid this error, you should edit the last continuation line so it 'f( *
ends with an ampersand, then add the continuation line. \

If the last line ends with an ampersand and the entire line up to that point is
syntactically correct, BASIC assumes you wish to add another continuation line
and prompts you with its leading ampersand. Thus the last example could be done
as follows:

* 500.4& "day",&
* & "all day"

* 1ist

500 print "have",&
Ilall ,&

"very",&
"nice",&

Ildayll ’&

5 "all day"

Qo Qo Qo Qo QO

If you have a 327x type display terminal, you can use the BASIC facility for

full-screen editing, in addition to line number editing as explained above. In

essence, this editing facility works like other full-screen editing facilities; you use

the cursor to change, replace, or delete characters anywhere on the screen.

Although the line numbers and continuation ampersands inherent to BASIC make

the editing process a little different, you will find full-screen editing to be an

extremely helpful and efficient tool. ﬂ
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Full-screen editing allows you to change a BASIC program line that is displayed on
the terminal. (You cannot change commands or immediate statements.) To use it,
you need a 327x type terminal with SET TERM SCROLL in effect, and you must
be prompted by the *  (command prompt) symbol. You make changes to
lines on the screen by moving the cursor under a line and typing over the
characters, or by using special keys to insert or delete characters. You need only
change a portion of the line if that is sufficient to accomplish your purpose, and you
may change as many lines as you like before pressing the ENTER key.

When you press enter, BASIC will replace the changed program lines in your
workspace, starting at the top of the screen. A message will appear in the
right-hand side of your input area at the bottom of the screen, telling you how
many program lines were changed. You can also enter data in the input area at the
bottom of the screen, as you normally would while in scroll mode. Whatever you
enter in the input area will be processed last.

Tips for Full-Screen Editing

The entire line (or continuation line) must be on the screen to be edited. If only a
partial line is on the screen (this can only occur at the top of the screen), itisin a
protected area, and cannot be changed by using full-screen editing.

If any errors occur as a result of your changes, the lines in error are scrolled onto
the screen with the appropriate messages, in the order in which they are found.
Anything entered in the input area will remain there; it will not be acted upon. The
lines in error will be entered into the workspace as is.

Use the LIST command to display your program so that you can edit it. If you
want to edit a previous page, use the LIST BACK command to get back to that
page. Similarly, the LIST FORWARD command will move the page forward. (For
more information on the LIST command see “Displaying Your Program — LIST
Command” on page 16 and /BM BASIC Language Reference.)

Although you can change every line on the screen before pressing ENTER, we
suggest that you enter only a few changes at a time. This is because (1) it is
awkward to deal with a great number of error messages; and (2) if the list of lines
with error messages is longer than your screen, those scrolled out of sight cannot be
corrected. However, you can easily recall those lines onto the screen with the LIST
ERROR command (see “Displaying Your Program — LIST Command’’ on

page 16). ‘

If you press the CLEAR key while making changes (before pressing the ENTER
key), the screen will be returned to the state before you made the changes. Also, if
you clear a line using the ERASE EOF key that line will reappear unchanged (if no
further changes are made before pressing the ENTER key).

If you run a program that executes an INPUT FIELDS or PRINT FIELDS

statement, any lines remaining on the screen when the

*

prompt comes up, cannot be edited. If you wish to edit those lines, use the LIST
command to put another copy of the lines on the screen.
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PF Keys and Full-Screen Editing

You can use PF keys in conjunction with full-screen editing (see “How to Set and ‘§
Use Programmable Function (PF) Keys” on page 27).

If you press a PF key, processing of the entire screen takes place (all changes on
the screen are entered for processing) before the PF key is acted upon.

Editing With Commands

In addition to line number and full-screen editing, you can also use BASIC editing
commands. Some of these commands edit the “current line.”

The current line is the last program line processed by a BASIC command.

However, when you use the editing commands, you may modify the setting of the
current line. The current line number is the line number associated with the current
line.

The effect of each command on current line is explained with each command.
Unless stated otherwise, “line”” means a line beginning with a line number,
including all the associated continuation lines.

See IBM BASIC Language Reference for reference documentation for the BASIC
commands.

INITIALIZE Command

Use the INITIALIZE command before you start entering a new program. It clears \
your workspace and closes all files that may be open.

You can name the new program by entering the name as part of the INITIALIZE
command. For example:

* jnitialize abc

clears the workspace, closes any open files, and names your workspace ABC. You
can now enter the statements for the program ABC.

Displaying Your Program — LIST Command

You can display your program by using the LIST command. There are various
ways you can use LIST.

If you enter the LIST command without any options, your entire program in the
workspace is displayed. If your program is too long to fit within a single screen, as
much of the program as possible is displayed, and you are given a message asking if
you want to continue. If you do, press the ENTER key and the display area is filled
with the next group of program lines. You can continue this until the end of your
program, just as though you were turning the pages of a book. If you do not want
to continue, you can use an attention interrupt to end LIST command processing.
To find out how to generate an attention interrupt on your system, see your IBM
BASIC System Services manual.
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If you want to display only one line, enter the LIST command and a line number.
For example:

* 1ist 500
500 a=b+c

If you want to display a group of lines, enter the first and last number of the lines
to be displayed. For example:

* list 500 to 600
displays lines 500 through 600.

The LIST command, with or without options, sets the current line to the last line
displayed.

Use the LIST command with the XREF option to obtain a cross-reference listing of
the program in your workspace. For example:

* list xref
This listing will consist of:
« referenced line numbers in numeric sequence
« line labels in alphabetic sequence

» variables, arrays, user-defined functions, and intrinsic functions in alphabetic
sequence.

Use the LIST command with the ERROR option to display those lines with syntax
warnings or errors and their syntax messages. If you enter ERROR ALL, all lines
in the requested range(s) with syntax warnings or errors are displayed, along with
their messages. For example:

* 1ist error all

If you enter ERROR without ALL, only the first line with syntax warnings or
errors is displayed, along with its messages.

Note: You cannot specify the XREF and ERROR options at the same time.

Although listings are normally displayed at your terminal, you may use the OUT
option when you want to direct your output to a file. For example:

* Jist error all out (myfile)

directs a listing of all errors in the workspace program to the file named MYFILE.
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Renumbering Your Program — RENUMBER Command

With the RENUMBER command you can “clean up” your program by changing
the line numbers of all or part of your program.

Suppose you have the following program:

100 print "count to 500"
101 let n=n+l

102 print n

110 if n <500 then goto 101
120 print "we now have 500"
130 end

The original line increment was 10, but during editing we inserted additional
program lines. Now we can use a RENUMBER command to restore the original
increment:

* renumber

RENUMBER COMPLETED.

* 1ist

100 print "count to 500"
110 Tet n=n+l

120 print n

130 if n <500 then goto 110
140 print "we now have 500"
150 end

Using the RENUMBER command, you can also change the beginning line number
and the increment with the STEP clause. For example, the following RENUMBER
command gives the results shown:

* renumber at 200 step 5
RENUMBER COMPLETED.

i )

200 print "count to 500"
205 let n=n+l

210 print n

215 if n <500 then goto 205
220 print "we now have 500"
225 end

Notice that all the line number references within your program are changed to refer
to the new line numbers; not only was line 110 changed to line 205, but the line
number reference in the GOTO part of the IF statement was changed from GOTO
110 to GOTO 205.

You can also specify a range of lines to be renumbered. For example:
* renumber 150 to 225 at 500 step 20

Only the lines from 150 to 225 in your program are renumbered. The first
renumbered line will be 500. Subsequent lines are increased by 20. Any
references to the renumbered lines will be adjusted accordingly.

If the renumbering you specify would cause an overlap of lines outside the specified
range, BASIC does not make the changes, and you get an error message.
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RENUMBER does not change the position of the current line, but it may change

3 the line number associated with it. For example, if the last statement in the
program was 150 before renumbering and 225 after renumbering, the current line
is still the last statement but its line number is now 225 rather than 150.

Locating Character Strings in Your Program — FIND Command

You can locate specific character strings in your program with the FIND command.
You can find the first occurrence of a character string, or all occurrences of a
character string in a single line or a group of lines. For example:

* find 'their'
finds and displays the first occurrence of their in your program.

The apostrophe (’) delimits the string within your FIND command. For the
delimiter, you can use any special character (not O through 9 or A through Z) that
is not contained within the character string you want to locate. You could not, for
example, use the apostrophe (’) as a delimiter when you want to find THEY'RE,
because in this case the apostrophe is part of the character string you are searching
for.

Also, if you enter
* find 'THEIR'

and the word their appears in lowercase letters in your program, BASIC will not
w find it. To the FIND command, THEIR and zheir are different character strings;
they must appear identical if a match is to be made.

* find 200/THEY 'RE/

finds the first occurrence of THEY’RE anywhere from line 200 to the end of your
program.

* find 200 to 300/THEY'RE/all

finds and displays all the occurrences of the lines containing THEY’RE from line
200 through line 300, inclusive.

* find first to 350/THEY'RE/all

The search is from the beginning of your program and continues to line 350,
finding and displaying all occurrences of THEY’RE.

* find /90 days overdue/all

finds and displays all occurrences of the lines containing the character string 90
days overdue.

FIND sets the current line equal to the last line inspected. If you do not request
FIND ALL, and the search is successful, the current line is set to the line at which
the match was found. If ALL is specified, the current line is set to the last line in
the range of lines inspected.
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Changing Character Strings in Your Program — CHANGE Command

You can locate and change specific character strings in your program with the
CHANGE command. CHANGE operates much like FIND in searching for and
locating character strings.

As with the FIND command, the search argument must be identical to the

character string to be located and changed, with respect to upper- and lowercase
letters. “THEY’RE” and “they’re” are different character strings to the CHANGE
command.

You can change the first occurrence of a character string or all occurrences of a
character string in a single line or a group of lines.

* change/their/they're/

changes the first occurrence of their to they’re in the current line.

* change 200 to 400/their/they're/

changes the first occurrence of their to they’re in every line between 200 and 400,
inclusive.

* change/THCIR/THEY 'RE/all

changes all occurrences of THEIR to THEY’RE in the current line.

* change 200/their/they're/all

changes all occurrences of their to theyre in line 200.

* change 200 to 400/THEIR/THEY'RE/all

changes all occurrences of THEIR to THEY’RE in every line between 200 and
400, inclusive.

* change first to last/their/they're/all
changes all occurrences of their to they’re in every line of your program.

To delete a character string from the program, you specify the new string as not
having any characters (that is, type two successive delimiters). Thus, to delete the
first occurrence of THEY’RE on every line from 100 through 200, you specify:

* change 100 to 200/THEY'RE//
When you issue a CHANGE command, BASIC displays each changed line, and,
when all changes are completed, displays the total number of changed lines. In

addition, as each line is changed, BASIC checks the syntax of the new line; if there
is a syntax error, BASIC flags it and gives you an error message.

If the old character string you have specified cannot be located, BASIC gives you
the message:

STRING NOT FOUND.
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When you change continuation lines within a multiline statement, remember to
include the same leading and/or trailing ampersands in the new character string as
in the old character string. If you don’t, you’ll get a syntax error message.

After execution of the CHANGE command, the current line is set to the last line
accessed by CHANGE. If you specify a range of lines, this is the last line in the
range.

Changing Lines by Line Number — CHANGE Command

You can also use the CHANGE command to place a program line in the input area
of your screen. For example:

*

change 110

places program line 110 into the input area of the screen. You can then retype, or
insert and delete, only that part of the line you want to change.

Note: You must be in SCROLL mode and on a 327x type terminal to use this form
of the CHANGE command. See the note for remote-display terminal users on
page 2. It explains the SET TERM command, which you must use when you want
to change modes.

Duplicating Lines — COPY Command

You may have a line, or block of lines, that you want to use more than once in your
program. Rather than reentering these lines, you can use the COPY command. To
use the COPY command, you need only specify the line or lines you want copied
and the point in the program at which you want the copied lines placed. For
example:

7 copy 200 at 500
copies line 200 at line 500.
5 copy 100 to 200 at 500 step 5

copies lines 100 through 200 beginning at line S00. The copied lines are increased
by 5.

Any statements within the block of lines which are copied to a new block, have
their line numbers changed. For example:

ud cop 100 to 107 at 250
3 LINE(S) COPIED.

*

Tist
100 if x=y then 107
105 cause n
107 let x=0

250 if x=y then 252
251 cause n
252 let x=0
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copies lines 100, 105, and 107 at 250, 251, and 252. If you don’t specify the
increment, (that is, omit the STEP clause) the default increment is one. (

COPY changes the current line to be the last line of the new block of lines.
Deleting Lines — DELETE Command

The DELETE command allows you to delete a single line or a group of lines in
your program. Request the lines you want deleted as follows:

* delete 210
LINE 210 DELETED.

deletes line number 210 only.

* delete 200 to 300
LINES 200 TO 300 DELETED.

deletes all the lines from 200 through 300 inclusive.

* delete first to 300
LINES 10 TO 300 DELETED.

deletes all lines from the first line in your program through line 300, inclusive.

* delete 250 to last
LINES 250 TO 550 DELETED.

deletes all lines from line 250 through the last line in your program.

* delete first to last
ALL LINES DELETED.

deletes all the lines in your program.

* delete 100 to 200, 310, 450
LINES 100 TO 200 DELETED.

LINE 310 DELETED.

LINE 450 DELETED.

deletes all lines from line 100 to 200 and then deletes line 310 and line 450.

The current line is set to the next line after the highest line number deleted. If you
enter DELETE 500 TO 750 and your program only has statements from 100 to
600, the current line is set to the last line remaining in your workspace, in this case
the statement immediately preceding statement 500.

Extracting Lines — EXTRACT Command

Suppose you want to delete most of the lines in your program, except for only a
few. Instead of using the DELETE command, specifying the lines you want to
delete, you can use the EXTRACT command, specifying the line you want to keep.

For example:

* extract 110 £
LINE 110 EXTRACTED. (I'
'
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deletes all the lines in your program except line 110.

| * extract 200 to 300
LINES 200 TO 300 EXTRACTED.

deletes lines 1 to 199 and lines 301 to the end of your program, keeping lines 200
through 300.

EXTRACT sets the current line to the last line in your workspace.
Combining Parts of Programs — MERGE Command

Use MERGE when you want to extract a sequence of statements (or all
statements) from a program saved in a file and insert them into the program in your
workspace. You can use this command to take previously written subprograms
from one program and place them into a new program. You don’t have to enter all
the statements again.

MERGE has two capabilities: The first allows you to transfer statements from the
file to the empty line positions in your workspace; the second allows you to transfer
statements from the file and replace the statements at the line positions in your
workspace.

Merging Without Replacing Lines: To merge an entire file into empty line positions
in your workspace, you enter:

* merge filea

program in your workspace already contains any lines with line numbers in the
range of FILEA'’s line numbers, the lines from FILEA are not copied and a
message is issued.

l which copies all the lines in FILEA to the program in your workspace. If the

To merge part of a file into empty line positions in your workspace, you enter:

* merge filea 100 to 200

which copies lines 100 to 200, inclusive, from FILEA to the program in your
workspace but does not renumber them. If the program in your workspace already
contains any lines with line numbers between 100 and 200, the lines from FILEA
are not copied and a message is issued.

To merge part of a file to a specific position in your workspace without replacing
lines, you enter:

* merge filea 600 to 800 at 300

which copies lines 600 to 800, inclusive, from FILEA to the workspace
renumbering them starting with 300 and increasing by the increments that exist in
FILEA. If the program in your workspace already contains any lines in the range
of the new line numbers (that is, lines 300 and following), the lines from FILEA
are not copied and a message is issued.

Merging and Replacing Lines: To replace lines in the workspace with lines from a
file, you enter:
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* merge filea 350 to 500 at 600 step 5 (replace

which copies lines 350 to 500, inclusive, from FILEA to the workspace,
renumbering them starting with 600 and increasing by 5. If there are any line

I numbers in your workspace which are in the range of the new line numbers, they
are replaced by the lines from FILEA.

Renaming Your Program — RENAME Command

You can change the name of the program in your workspace with the RENAME
command. For example:

* rename nuname

changes the name of your current program to NUNAME.

Now, if you reissue the RENAME command without specifying a new name, the
old name is displayed:

* rename
RENAME 'NUNAME' TO (NULL LINE FOR NO CHANGE): _

At this point, you can enter another name for NUNAME, or you can press the

ENTER key to cancel the command and retain NUNAME as the name of the
program.

Saving and Retrieving Your Programs

When you’re developing a program, you’ll usually want to save it for future
reference. You can use the SAVE and STORE commands for this purpose.

Each command creates a different kind of file:
e The SAVE command creates a file containing your program lines.
You should use the SAVE command if you want:

— line-by-line syntax checking of this program when you load it into the
workspace

— to transfer it to tape or diskette for use at some other location

— to edit the file using some other editor (for example, XEDIT or the SPF
editor).

Use the LOAD command to retrieve a program that was saved.

« The STORE command creates a file containing both your program lines and
the BASIC internal representation of your program.
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You should use the STORE command if you do not need to have your program
7 syntax checked, line by line, when it is fetched into your workspace. For
‘ example, use the STORE command when your program is ready for
operational use, as syntax checking should no longer be necessary.

| Use the FETCH command to retrieve a program that was stored.

Another consideration you should note is that the STORE/FETCH commands are
faster than the SAVE/LOAD commands.

Remember, if you issue a QUIT command before you save or store the program in
your workspace, the contents of your workspace will be lost. The QUIT command
clears the workspace before transferring control to the system.

Saving and Loading Your Program

Use the SAVE and LOAD commands in conjunction with each other. SAVE
writes a program from your workspace to a file. LOAD reads this program from
the file into your workspace.

Saving Your Programs — SAVE Command

Use the SAVE command to save the program in your workspace in a source file.
There are several options to the SAVE command.

You can enter the SAVE command without specifying a file name. For example, if
W ABLE is the current name of your workspace and you enter:

* save

BASIC prompts you with the name of your workspace:
ENTER NAME (NULL LINE TO CANCEL): ABLE

The name ABLE is in the input area and may be modified by typing over it or
using the Insert or Delete keys. You can enter a new name and then press
ENTER, or you can press ENTER without changing anything and accept the
current name, or you can erase everything after the colon and press ENTER to
cancel the SAVE command. The program in your workspace is written to a file
with the associated name.

If your workspace doesn’t have a name, you are asked to enter one. If you enter a
null response to this prompt, the SAVE command is canceled.
You can use a file name with the SAVE command. For example:

* save stat

saves the workspace program in a source file named STAT.

If the name you specify in the SAVE command is the same as the name of your
workspace (whether entered as a response to the prompt or as part of the
AW command), the program is always saved.
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If the name of your workspace is BAKER and you enter SAVE STAT, BASIC
responds differently depending on whether a source file named STAT exists in your
library:

« If a source file named STAT does not exist, the BAKER program is saved as
STAT.

« If a source file named STAT does exist, BASIC asks you if you want to replace
it. If you answer YES, the program in your workspace replaces the source file
STAT. If you answer NO, the program in your workspace is not saved.

However, if you use the keyword REPLACE, the program in your workspace is
saved whether a source file with that name exists or not:

* save abc (replace)

writes the program in your workspace to the file that was previously saved as ABC.
(The current program replaces ABC.)

SAVE does not change the current line number, the program in the workspace, or
the name of the workspace.

Retrieving Your Programs — LOAD Command

Use the LOAD command when you want to move a previously saved program from
your library into your workspace. For example:

* Joad stat

clears your workspace, loads the previously saved program STAT, sets the current
line to the last line in the workspace, and sets the workspace name to STAT.

There is a line-by-line syntax check as the program is being loaded, with a display
of the line(s) in error and any associated error message(s). The workspace name is
set to the name used in the LOAD command, and the current line is set to the last
line in the workspace.

If a source file named STAT does not exist, BASIC displays an error message.

Storing and Fetching Your Programs

26

The STORE and FETCH commands should be used in conjunction with each
other.

The STORE command is like SAVE, and FETCH is like LOAD. Their syntax and
use are similar.

The STORE command writes the contents of your workspace to a file, including
the source program (the same information saved by the SAVE command) and an
internal representation of the program.

The FETCH command reads a file containing a previously stored program into
your workspace. ‘
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Use the STORE and FETCH commands instead of the SAVE and LOAD
commands when you want to improve performance when developing large
programs. That is, you can avoid the time spent syntax checking during a LOAD.

One reason not to use STORE/FETCH is because the internal format of the file
cannot be edited, compiled, or printed outside the BASIC environment.

How to Set and Use Programmable Function (PF) Keys

Programmable Function (PF) keys are special numbered keys on a 327x type
display terminals whose meaning can be defined by the user. BASIC associates
character strings with the numbered PF keys. To set a PF key, you use the SET PF
command. For example:

* set pf2 delayed renumber

Now, when you press PF2, the character string RENUMBER will be displayed in
your input area; any data already in the input area is discarded. You can leave the
string as is, or change it. Note the special keyword DELAY. This “delays the
execution” of the character string defined for the PF key, and causes it to be placed
in the terminal input area. The RENUMBER command will be executed when
ENTER is pressed. If you want, you may modify the line before pressing the
ENTER key.

You can also choose to have the character string entered immediately, without your
intervention. For example:

* set pf4 immed set log on
Now, when you press PF4, SET LOG ON will be executed immediately.

If you specify neither DELAYED nor IMMED, the default is DELAYED. For
example:

* set pf2 renumber
will have the same effect as the SET PF2 command above.

If you simply enter SET PF with no trailing characters, that key has no associated
action. For example:

* set pf7

When you press a PF key with no associated action, the input area is cleared and a
message appears, but the screen does not scroll.

Notes for Using the PF Keys

» To use the PF keys, you must have a 327x type display terminal, and be in
SCROLL mode. Otherwise (that is, you are using another type of terminal
and/or SET TERM LINE is in effect) the BASIC key settings will be ignored.
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« The keys defined by SET PF command apply only to the BASIC environment
while you are in command mode (that is, when an asterisk prompt is
displayed). They do not affect the PF keys used in HELP, those specified by a
BASIC program while in execution, or those specified for the host operating
system.

« Initially there is no action associated with any of the PF keys. To use PF keys,
you must issue the SET PFn command, either directly from the asterisk
prompt, or indirectly via a profile. See “Using Profiles.”

Notes for Using RETRIEVE PF Keys

Using Profiles

When you set a PF key to RETRIEVE, for example,

* set pf6 retrieve

the data you enter in response to the

*

command prompt (that is, your commands, BASIC lines, and immediate

statements) will be saved in a stack. Thereafter, when you press a RETRIEVE PF
key, the last line put on the stack is recalled into the input area. You can modify
this line before executing it; in any case, you execute it by pressing the ENTER
key. If you press a RETRIEVE key again, the next to last line is recalled, replacing
the one currently displayed. You can do this until the end of the stack is reached;

at that point, the display starts over again at the top of the stack. (The lines are
stored in a 500 character stack.)

« You can set more than one PF key as a RETRIEVE key.

« No stack of remembered input lines is maintained until a SET PFn RETRIEVE
command is entered.

« If all the Retrieve Key definitions are removed, all entries are removed from
the stack and no more are added to it.

In BASIC, a profile is a file you can use to define some of the characteristics of
your BASIC environment. A profile may contain commands, immediate
statements, and BASIC lines, just as you would type them in at the terminal. You
can use your profile to assign PF key settings, turn logging on, or set options. You
can create different profiles for different tasks, such as a profile for debugging, for
writing programs, for running programs, and so on.
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PROFILE Option and PROFILE Command

You can specify a profile when you invoke BASIC, with the PROFILE option. For
example:

basic (profile (basprof))

would invoke BASIC, using the profile BASPROF (see your IBM BASIC System
Services manual for more information on naming a profile). Here is a sample
profile BASPROF.

! note: this is basprof
set profile noterm

set pfl immed help

set pf2 immed run

set pf3 quit

set pf4 load

set pf5 renumber

set pf6 immed save

set pf7 immed 1list back
set pf8 immed list forward
set pf9 system "

set pfl0 retrieve

set pfll profile newprog
set pfl2 immed print page
set option arithmetic native, lprec, base 1
100 option base 1

The above profile, BASPROF contains commands (SET PROFILE, SET PF, and
SET OPTION), a program statement (100 option base 1), and an immediate
statement (the immediate remark on the first line). When you execute this profile,
none of the lines will appear on your screen. If, however, you changed the SET
PROFILE NOTERM command to be SET PROFILE TERM, all of the other lines
from this profile will appear on your screen. Your PF keys will be set up by the
SET PF commands executed, as will the default arithmetic, precision, and base
options for your session by the SET OPTION command. The last line puts the
program statement,

100 option base 1

in your workspace. If you do a LIST command after your profile has executed, you
will see it there.

Notice that this profile allows you to invoke another profile with PF key 11. You

can even cause your profile to read another profile, with the PROFILE command.
For example, the command:

profile myprog
in the profile above would invoke the profile MYPROG.

Note also, that invoking a profile can cause program lines to enter the workspace.
For example, in the above profile the statement

100 option base 1
would be entered in the workspace.

You can also invoke BASIC without a profile. For example:
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basic (noprof)

would invoke BASIC and specify that a profile is not to be used. If you specify
neither PROFILE nor NOPROF, the default is as follows:

« PROFILE, if a default profile exists
« NOPROF, if a default profile does not exist

If you specify PROFILE when you invoke BASIC but not the name of a profile,

the profile used is the profile set at installation time. See your system
administrator.

When you are using the PROFILE command, you must specify the name of a
profile.

SET PROFILE Command

You can use the SET PROFILE command to control the display of lines when a
profile is read. For example:

set profile term

specifies that any profile lines read are to be displayed, as well as any Processor

warning or information messages. In other words, the lines will be displayed just as

if the profile were typed in at the terminal. If logging is on, these lines and

messages are logged. You would typically use SET PROFILE TERM to debug a (,/
profile with errors, to check a profile’s contents, or for a demonstration. /

When BASIC is invoked, NOTERM is the default option. You can also specify
NOTERM in the SET PROFILE command. For example:

set profile noterm

specifies that the profile lines read are not to be displayed, and that Processor
warning and informational messages are to be suppressed. These lines and

messages are not logged. However, if logging is on, lines with errors are logged
along with the messages.

SET Commands

There are six versions of the SET command, each with a different function:

set log
set msg
set term
set option
set pf

set profile

SET PF is discussed under ‘“How to Set and Use Programmable Function (PF)
Keys” on page 27, and SET PROFILE is discussed under “Using Profiles” on

page 28. SET LOG, SET MSG, SET OPTION, and SET TERM will be discussed
here.
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SET LOG Command

SET MSG Command

Use SET LOG to control logging at the terminal. When logging is on, a record of
terminal input/output is sent to a file in the order in which it occurs. For example:

set log on

will activate logging and send the log record to the file BASLOG (see your IBM
BASIC System Services manual for naming conventions for files).

set log out (first)
will activate logging and send the log record to the file FIRST.

Later, you may print your log file and obtain a complete record of everything that
happened during your BASIC session at the terminal. This could be extremely
helpful for debugging.

Whenever you SET LOG OUT to a file that already exists, the existing contents of
that file are erased before logging resumes. For example, if the file FIRST above
contains 100 lines of input and output, and you enter SET LOG OUT (FIRST), the
file is now empty as a result of that command. It will contain only the lines which
are subsequently logged to that file, until you turn logging off.

You can, however, add a log to the end of an existing file. For example:

set log out (first) append

will activate logging, and add the log record to the end of whatever already exists in
FIRST.

Also, although the first SET LOG ON command (without the OUT clause) in a
BASIC session erases the default file BASLOG, subsequent SET LOG ON
commands will not; the log record will be added to the existing file.

set log off

terminates logging. SET LOG OFF when logging is not on will result in an error
message. Likewise, SET LOG ON when logging is already on will result in an
error message.

The SET MSG command controls how error messages are displayed at the
terminal. With the SET MSG command, you can specify whether you want the
entire message or just the text to be displayed. You would use this command, for
example, if you wanted to suppress the message code for warning messages. The
example below shows a warning message with both code and text:

* 500 let a = 1024

* break off 500
1
###1) BASO0016W BREAKPOINT NOT SET FOR LINE. LINE NUMBER IGNORED.
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Now using SET MSG, the code is suppressed:

-

* set msg (w) text A
SET MSG COMPLETED.

* break off 500-

1
###1) BREAKPOINT NOT SET FOR LINE. LINE NUMBER IGNORED.
This command controls messages displayed at the terminal, not messages written to
a listing file as a result of a COMPILE command.
See IBM BASIC Language Reference for more information.
SET OPTION Command
You can use the SET OPTION command to override the default options on your
system (with the exception of the RD option). If, for example, you are used to
working with array subscripts which begin with 1 rather than 0, you’d want to use:
set option base 1
to override the default of OPTION BASE 0.
The value set by the SET OPTION command will affect running a program,
compiling a program, and executing immediate statements. However, this value
will be overridden by any options explicitly stated in an OPTION statement within
a program (see “Using the OPTION Statement to Change Options’’ on page 83).
f

See IBM BASIC Language Reference for more details about other default options r

in your system you can override with the SET OPTION command.

SET TERM Command

Use the SET TERM command to change your terminal mode. You can specify
SET TERM LINE or SET TERM SCROLL. However, SCROLL mode is
meaningful only for display terminals of the 327x family, because for other
terminals (such as typewriter terminals), terminal interaction is always in LINE
mode.

You may find that LINE mode improves your terminal response time particularly if
you are using a remote terminal. (See note under ‘“Terminology Note and Other

Notes” on page 2.)

As a result of an option set at installation time, your terminal mode may already be
set to LINE mode.

The HELP mode and the INPUT FIELDS and PRINT FIELDS statements are not
affected by the SET TERM command.

You can also execute the SET TERM command from a program. See ‘“‘Using the
SET TERM Command from a BASIC Program” on page 147.

Full-screen editing and IBM BASIC'’s definition for PF keys are not available in
LINE mode.
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Interrupting Commands

You can interrupt certain BASIC commands by generating an attention interrupt.

See your IBM BASIC System Services manual for information on how to generate
an attention interrupt on the operating system you are using. The commands that
acknowledge the attention interrupt and their resulting actions are listed below.

AUTO

CHANGE

COMPILE

GO

LIST

LOAD

MERGE

RUN

SAVE

STORE

The attention interrupt terminates AUTO mode as though you had
responded to an AUTO line number prompt with a null line.

The attention interrupt terminates the operation of the CHANGE
command at the next line to be searched. For example, if you have
entered CHANGE 100 TO 500/ABLE/BAKER/ALL and change
has searched lines 100 through 195 when the attention interrupt
occurs, the operation of the command is terminated at the next line. If
the next line is 200, the character string ABLE has been changed to
BAKER in every statement in lines 100 through 195.

If a COMPILE command causes a file to be loaded and the interrupt
occurs while loading, the action is the same as for a LOAD command,
and the compilation is not started. If the interrupt occurs during the
compilation, it is ignored.

The attention interrupt terminates the operation of the FIND
command at the next line to be searched as in the CHANGE
command.

Interrupting a GO command is equivalent to interrupting an executing
program (discussed in “Interrupting Execution” on page 191).

The attention interrupt terminates the operation of the LIST command
at the next line to be listed.

The attention interrupt terminates the operation of the LOAD
command at the next line to be loaded. Lines previously loaded are
left in the workspace.

The attention interrupt terminates the operation of the MERGE
command and the workspace is unchanged; that is, the workspace
remains in the same state as it was prior to MERGE.

Interrupting a RUN command is equivalent to interrupting an
executing program (discussed in “Interrupting Execution” on

page 191). If a RUN command causes a file to be loaded and the
interrupt occurs while loading, the action is the same as for the LOAD
command, and execution of the program is not started.

The attention interrupt terminates the SAVE command, but the file
may be left in a partial state. The workspace is unchanged.

The attention interrupt terminates the STORE command, but the file
may be left in a partial state. The workspace is unchanged.

If a command is not explicitly identified above, you cannot interrupt its processing.
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Getting Help With the HELP Command

Anytime you want some assistance in applying a specific command to a specific
situation, you can just enter HELP followed by the name of the command. For
example, if you enter

* help find

the system responds with the screen display shown in Figure 1.

*** BASIC HELP ***** FINDCOMMAND (BASHFIND) ********* paGE 1 OF 4 ***

The FIND command locates character strings in BASIC statements in the workspace
and displays the lines containing them.

| FIND <start-line <T0 end-line>> |
delim string <delim <A<LL>>> I

'start-line’
may be either a line number, the keyword F<IRST>, or the keyword L<AST>.

‘end-1ine’
may be either a line number or the keyword L<AST>. End-line must be
greater than or equal to start-line.

'delim’
is a delimiter of the string. It must be a special character (other than
0-9 or A-Z), including the space character such that:

* delim is not contained in string.

e PRESS PF1 FOR HOW TO USE HELP.
2= 3=PRV 4= 5=PRT 6= 7=SCB 8=SCF 9= 10= 11= 12=CAN

Figure 1. HELP Command—Example of a Response

The bottom line of the screen is a reminder of what each PF key does while you’re
in HELP. The meaning of each abbreviation is shown in Figure 2 on page 35.
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PF Key Code What it Does

1 HLP Displays the first page of a BASIC HELP
item explaining how to use HELP

3 PRV Displays the page of the previous HELP
item

S PRT Prints all the pages of the current HELP

item (in this example prints all
5 pages of LIST)

7 SCB Scrolls backward 1 page of the current
HELP item
8 SCF Scrolls forward 1 page to the next page of

the current HELP item

12 CAN Cancels HELP and returns to BASIC

Figure 2. Use of PF Keys and Codes while in HELP

HELP has many other uses too. You can use HELP to get tutorial assistance on
just about any feature of BASIC: commands, statements, other language features,
explanations of messages you get. In fact, you can use HELP for almost any
problem you encounter while you’re developing programs.

Ending an IBM BASIC Session — QUIT Command

When you want to leave BASIC and return to the operating system, you use the
QUIT command:

* quit
Your BASIC session is ended and you are now communicating with the system.
If you enter QUIT without a SAVE or a STORE, you lose the program in your
workspace. QUIT clears your workspace before returning control to the operating
system; it is therefore essential that you save or store your program before entering

the QUIT command.

To log off from the system, use the procedure defined by your organization. See
your IBM BASIC System Services manual or check with your system administrator.
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Designing BASIC Programs

Defining the task of your program in complete detail is often called writing a
specification. This program specification should be in a natural language like
English or pseudo-English. Pseudo-English is a kind of shorthand which outlines
the program tasks and their interrelationships in a brief but concise way. Most
programmers develop their own style, but if you use shorthand words that are
closely related to BASIC keywords, the final step of coding is much easier.

Programming specifications consist of three major parts:

1. Input — what raw data goes into the program

2. Processing — what type of changes take place in processing this raw data
3. Output — what the program produces

usually write the specifications in the following order: output, input, and
processing.

w But these subspecifications are not necessarily undertaken in the above order. You

The output specifications describe:

o The final output of the program

» The data needed to achieve this result

» The intermediate processing required to achieve it
The input specifications describe:

« The size and type of each input value

« How the data is entered (for example, input from a terminal, read from a tape
or disk file, and so forth)

« The validity checks performed on this data
The processing specifications describe:

e The flow of the program

« The computational algorithms, if any

) « The functions, subroutines, subprograms used, if any
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o The dependencies on input and output
e The overall logic of the program

The more straightforward and structured your specifications are, the easier it is to
code and test a program. Therefore, you should spend considerable time analyzing
and designing your program and writing the specifications. Estimates vary on the
amount of time to spend in overall design, coding, and testing; however, if you take
the time to design and write detailed and clear specifications, then coding and
testing is much simpler and faster.

BASIC has language facilities that can aid you in implementing a straightforward
structured design. The structured programming constructs such as
SELECT/CASE blocks, IF blocks, and DO/LOOP blocks all can help you
construct programs that are easy to design, easy to code, and easy to maintain.
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Writing BASIC Programs

Because you have determined the task or operation to be performed and designed
the overall flow of your program, you can start entering statements into your
workspace. Each statement is a programming instruction to the system to perform
an operation.

Programs work with collecting, storing, processing, and printing of data. Before we
get into the operations performed on data, it is appropriate to review the specific
data types that are recognized by BASIC.

This chapter describes the different features of BASIC which will help you in the
task of writing BASIC programs. It describes the kinds of data and the different
data types you can use in BASIC. It discusses how to define and use arrays. Next
it introduces you to intrinsic functions and then shows you how to write
expressions followed by loops, branching, chaining, and comments. The chapter
ends with a discussion of helpful hints for avoiding common programming errors.

Other topics which you need to know when writing BASIC programs are discussed
in the following three chapters: ‘“Performing Input/Qutput,” “Handling
Exceptions,” and “Defining and Calling Subprograms.”

Defining and Using Data Items

There are two major kinds of data you can use: constants and variables. A
constant may not change its value during program operation and can therefore be
explicitly represented by its value. A variable, however, must be able to assume
more than one value, so it is represented by a name.

Constants and variables can further be divided into two types: numeric for

quantitative values and character for string values, where a string is a sequence of
characters.

Defining and Using Numeric Data

You can define and use four categories of numeric data: integer, decimal, real
single, and real double. In BASIC they are referred to as numeric data types.

Writing BASIC Programs 39




Use of Numeric Data Types

Integer Data

It is usually not necessary to choose a specific numeric data type but there are cases
where considerations of precision, range, or performance can make it desirable to
specify a type other than the default.

Decimal data allows the greatest range of any BASIC numeric data type and is
more precise than real data. Decimal data is normally the default data type in
BASIC and can be used in most cases. However, integer and real data provide
advantages for special situations.

Integer data provides the smallest range of any numeric data type. However,
integer data is more efficient for use as index values when the range of integers is
sufficient, and may be used in loops when speed is important.

Computation using real data is more efficient than with decimal data because it
uses the computer’s floating-point format. If your program does lots of
computation, use real data (or integer where appropriate) to allow your program to
run faster.

When your BASIC program passes data to other language subprograms (like
FORTRAN), you also save time by using real or integer data instead of decimal.
Since decimal data is stored in a format that is usable only by BASIC, a decimal
data item must be converted to real when it is passed to another language
subprogram. The conversion step can be avoided if you define the data to be real
or integer in your BASIC program.

Real single data should be used in preference to real double when storage space is
a consideration.

Real double data should be used in preference to real single when greater precision
is desired.

An integer is a positive or negative whole number. The integer data type is useful

for index values (for arrays and loops) and other cases where whole numbers are
normally used.

The range of integer data is:

-2147483648 to +2147483647

The above two numbers are the lowest and highest values that a BASIC integer
constant or variable may have.

Integers are usually represented in integer notation. Integer notation consists of
one or more digits with no decimal points, no commas, no spaces, and no exponent.
Examples using integer notation are:

0

10

+25
=214
233378
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Decimal Data

Computations using integer data are faster than with other types of numeric data
and require the least amount of storage.

See IBM BASIC Language Reference for information concerning the internal
representation of integer data and the rules for data typing.

The decimal data type can be used for all numeric data in BASIC. It is normally
the default data type and the easiest to use.

Decimal numbers can be expressed in integer notation (see above), fixed-point
notation, or floating-point notation.

Fixed-point notation consists of one or more digits with a decimal point but
without an exponent. For example:

.05
-1.236
+3.8
4.

Floating-point notation allows you an easy method of entering very small or very
large numbers. Floating-point notation consists of a number and an exponent.
The number may be written with or without a decimal point and it is followed by

_ the letter E (or e), followed by an integer which is the exponent. Using integer

notation, you would write 5 million as follows:

5000000

With floating-point notation, you can also write 5 million in any of the following
ways:

5E+6
5.00e+6
+5E+06
.05E+8
500E4

The positive exponent means that the decimal point should be moved to the right
the number of places specified. (You may read the letter E as “times 10 to the
power of.”) In the last example above, 5 million is expressed as 500 times 10 to the
power of 4.

Very small numbers are just as easily represented. For example:

5.0E-6
5e-6

+5E-06
.05E-4
500E-8

The negative exponent means that the decimal point should be moved to the left.
All the above represent the value .000005, or 5 times 10 to the minus 6th power.

BASIC saves 17 significant digits of decimal data (an 18th digit is used for
rounding).
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The exponent can be in the range -999 to +999. Therefore, the largest absolute
value is:

~
Pk Y
- -~

.99999999999999999E+999

and the smallest absolute value is:

S1E=999

Note: The largest absolute value will be rounded and displayed by the PRINT
statement as:

1.E+999

The smallest absolute value will be displayed by the PRINT statement as:
1.E-1000

See IBM BASIC Language Reference for the internal representation of decimal
data and the rules for data typing.

Real Data (Real Single and Real Double)
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Real data is data that is stored in System 370 floating-point format, in hexadecimal.
Because this is the floating-point format of the computer, computation using real
data can be done more efficiently than computation using decimal. When you have
a program that calls for lots of computation, using real data instead of decimal will
allow your program to run faster.

P

If your program does not involve a large number of calculations, there is little
reason to complicate things by using real data, with one exception. When your
BASIC program passes data to other language subprograms or to GDDM, you may
save time by using real data instead of decimal data. Since decimal data is stored in
a format that is internal to BASIC, decimal data is converted to real if passed to
another language subprogram. The conversion step can be avoided if you define
the data as real in your BASIC program.

Real numbers can be represented in integer notation, fixed-point notation, or
floating-point notation.

Real data may have single or double precision. Single takes half the space of
double, but double is more precise.

Real data is not as accurate as decimal data and rounding errors may occur. For
example, the value 0.1 cannot be exactly represented using real data. It may be
displayed by a PRINT USING statement, differently for real and decimal data
types:

0.100000023841857910 if type is REAL SINGLE
0.099999999999999992 if type is REAL DOUBLE
0.100000000000000000 if type is DECIMAL

Real Single: The real single data type is floating-point binary data with a precision
of (approximately) 6 decimal digits and an exponent in the range of
(approximately) -78 to +75.
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Numeric Constants

Numeric Variables

Real Double: The real double data type is floating binary data with a precision of
(approximately) 15 decimal digits and an exponent in the range of (approximately)
-78 to +75.

See IBM BASIC Language Reference for the internal representations of real single
and real double data types and the rules for data typing.

Numeric constants are written in BASIC in integer, fixed-point, or floating-point
notation. For example:

743

7.43e2
-22.111
-2.2111E+01
.00671
314159265e-8
5878E109

The type assigned to a constant depends on the context and the options in effect.
The type chosen determines the accuracy of its internal representation. See /JBM
BASIC Language Reference for details.

A numeric variable is a named numeric data item whose value is subject to change
during program execution. The variable name must not duplicate a keyword and
must start with a letter. (A keyword is a word which has a predefined meaning to
BASIC and which BASIC uses to perform a specific function.) See IBM BASIC
Language Reference for a list of keywords. Variable names entered in upper, lower,
or mixed case are treated the same by BASIC.

Assigning a type to Variables: Normally, variables are typed by default or with
typing statements: DECIMAL, INTEGER, REAL SINGLE, or REAL DOUBLE.
However, the rightmost character of a numeric variable name may also be used to
designate its type. The type designator character is provided for compatibility with
other BASICs. A “%?” indicates integer type. A “#” indicates decimal or a real
double type, depending on the options in effect (see your JBM BASIC Language
Reference manual for details). For example:

index_number

is an integer variable and, if the IBM—supplied default is in effect:
tax_amount#

is a decimal variable.

When a variable name does not end with a type designating character, and the
IBM-supplied default is in effect, BASIC assigns decimal type, unless that variable
or its first letter has been explicitly mentioned in a REAL or INTEGER statement,
described briefly in the following section.

»
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Numeric Typing Statements

For the complete rules on specifying types, see IBM BASIC Language Reference.

The INTEGER statement declares any specific variable or any variable beginning
with a specific letter as having an integer type. For example:

100 integer charley,(t,s)

declares CHARLEY as an integer variable, and it also declares that all variables
whose first letter is T or S are integer types.

If the INTEGER statement does not contain a list of variables, it specifies that all
variables not otherwise typed are integer types. For example:
400 integer

defines all numeric variables that are not typed with a final # character, or a
DECIMAL or REAL statement, to be integer.

The DECIMAL statement declares any specific variable or any variable beginning
with a specific letter as having a decimal type. For example:
460 decimal able,baker,(i,j,k)

declares ABLE and BAKER as decimal variables, and it also declares that all
variables whose first letter is I, J, or K are decimal types.

If the DECIMAL statement does not contain a list of variables, it specifies that all
variables not otherwise typed are decimal types. For example:
60 decimal

defines all numeric variables which are not typed by means of a final % or #
character, or an INTEGER or REAL statement, to be decimal.

The REAL statement declares any specific variable or any variable beginning with a
specific letter as having a real type. For example:

10 real david,(a,b)
declares DAVID as a real variable, and it also declares that all variables whose first

letter is A or B are real types. If the REAL statement does not contain a list of

variables, it specifies that all variables not otherwise typed are real types. For
example:

20 real

defines all numeric variables that are not typed with a final % or #, or a
DECIMAL or INTEGER statement to be real.

The precision (single or double) is determined by the options in effect. However,
you can explicitly set the precision by including SINGLE or DOUBLE in the
REAL statement. For example:

30 real single john, (q,v)
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declares JOHN as a real variable with single precision, and it also declares that all
variables whose first letter is Q or V, are real single types.

Numeric Operators and Expressions

Your BASIC program can perform addition, subtraction, multiplication, division,
and exponentiation. These five operations are performed on operands. For
example:

40 A=B+C

The operand (variable) B is added to the operand (variable) C, and their sum is
assigned to variable A.

The plus symbol is the operator which determines what is to be done with the
numeric values in the operands B and C.

Operands may consist of any valid numeric expressions, but in situations involving
multiple operands with a variety of operator symbols there is a priority order in
which the operations are performed. Figure 3 will clarify this for you:

Numeric Operator Meaning Priority
~0r - or ** to the power of highest
* multiplication middle
/ division middle
+ addition lowest
- subtraction lowest

Figure 3. Numeric Operators, Their Meanings and Priorities

BASIC processes the highest priority first and the lowest priority last. In the
statement,

100 A=B**2 - C*N+X/Y

The order of operations is:

1. B**2 is calculated first.

2. Then C*N.

3. Then X/ Y.

4. Then the result of C*N is subtracted from B**2.

5. Then the result of this is added to the result of X/Y.

In addition to the operator priorities, remember the left-to-right evaluation of
expressions. A-B+C, for example, is evaluated as (A-B)+C and not as A-(B+C),
as both + and - have the same priority and the calculation is based on the

left-to-right evaluation. If you substitute numeric values for A, B, and C you can
easily see the difference in the two calculations. For example:
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(1-2)+3=2
1-(2+3)=-4

Using Parentheses: Use parentheses to clarify groups of expressions, not only to aid
in readability, but also to ensure that the order of calculations is correct.

Parentheses receive top priority. When parentheses are nested within another set
of parentheses, the operation in the innermost pair is performed first. You can see
from the previous example that parentheses affect the order of calculations. If -4
was the required result, the expression 2+3 must be enclosed in parentheses.

You cannot follow an operator immediately with another operator. For example:
B**-2. The -2 must be enclosed in parentheses as follows: B**(-2).

A more complex expression would be something like

((14X)**Y-1)/(ABLE+((1+R)**(M-1)))

Look at the innermost parentheses first and notice that M-1 is an expression
enclosed in parentheses to show that the result of adding 1+R is to be taken to the
power of M minus 1. The expression (1+X)**Y-1 is different. Here (1+X) is
taken to the Yth power and 1 is subtracted from the result of the exponentiation.
Notice further that the placement of parentheses shows that the entire expression
on the left of the division operator (/) is to be divided by the entire expression on
the right of the division operator (/).

Programming rules for the evaluation of expressions are in IBM BASIC Language
Reference.

Assigning Numeric Values — LET Statement

To assign values to numeric variables or array elements, use the LET statement
(See “Defining and Using Arrays” on page 50 for a discussion of arrays and array
elements). For example, to assign the value 14 to the numeric variable J, write:

20 let j = 14
or
20 j = 14

Either of these statements assigns the value 14 to the variable J. (Note that the
keyword LET is optional.)

To assign the same value to a series of variables, you can write:
30 let j,k,1 = 14
or

30 j,k,1 = 14

The expression to the right of the equal sign can be any valid numeric expression.
The following LET statements are, all valid.
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40 let a = b*3 + 2*n
50 a b*3 + 2*n
60 c 1+n

In each case, the expression to the right is evaluated to a single value, which then
replaces the current value of the variable or array element on the left.

When the result type of the expression differs from the type of the receiving
variable to the left of the equal sign, the result value is converted to the type of that
variable. For example, if I is integer and A and B are decimal for

70 i= a/b

the decimal result of the division, rounded to the nearest integer, is placed in i,
though the division operation is performed in decimal. If a is decimal and i and k
are integer, for

80 a = i*k
a decimal value is placed in a, though the result of this multiplication is an integer.

Only the variable on the left-hand side is affected by the assignment. For example,
in the program

10A=1
20C=A+2
30 A=2

The execution of line 30 does not change the value of C (which will be 3 because
of line 20) even though the value of A + 2 is now 4.

Defining and Using Character Data Items

Character Constants

Your BASIC program can define and use character strings either in constants or
variables.

A character string is a sequence of characters that may include any character
defined in the EBCDIC or ASCII character set. (See IBM BASIC Language
Reference for the characters within each character set.) Every character string has
a length which includes embedded spaces.

Character String Length
S.S.N. 6
DOLLAR AMOUNT 13
**FIELD1**;FIELD2** 19

If you enclose a character string with either apostrophes or quotation marks, you
are defining a literal character string or character constant. The quotation mark or
apostrophe is a character string delimiter. For example:

"xyz456"

'Weather report number 7'

"true or false (y/n)?"

' 4 leading and two trailing spaces '
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each of the above is a character constant. All character constants have a length
which is the total number of characters within the apostrophes or quotation marks.
Each space within the apostrophes or quotation marks is counted as a character in
the length.

Whichever character you choose as a delimiter (' or "'), you must use it at the
beginning of the character string and at the end.

Enclose character constants within apostrophes or quotation marks, except in
response to INPUT statements or in DATA statements, where, under certain
circumstances, you can omit the apostrophes or quotation marks.

If you want to define an apostrophe or a quotation mark within a character
constant you must double it without intervening spaces. For an example, see
Figure 4.

* print '""The Centurion shouted, ''Hail, Caesar!''"'

results in

"The Centurion shouted, 'Hail, Caesar!'"

Figure 4. Quotation Marks within Character Constants

Character Variables

You can define character variables as named data items of character data whose
value is subject to change during the execution of the program. The variable name
must end with a $, start with a letter, and must not duplicate a keyword. Also,
variable names may be entered in upper, lower, or mixed case; characters entered
in different case are treated alike by BASIC. For example:

result$
tenant_name$
yearend$
Date$

YEARS

For numeric variables, you are concerned with type and precision. For character
variables, you are concerned with length. Character variables or character array
elements have two lengths: maximum length and current length.

Use the DIM statement or the COM statement to specify the maximum length of a
character variable. For example:

100 dim name$*25
110 com name$*25

Both of these statements define the maximum length of NAMES$ to be 25

characters. (For more detail, see “Explicit Dimensioning” on page 53.) The
maximum length does not change during the execution of a program.
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As distributed by IBM, the default length value is 18; however, your organization
may establish a different default value. Check with your system administrator.

The current length of a character variable may change each time a different string
is assigned to this variable. Therefore, the current length of character variables can
change during program execution. The current length is the length of the
expression being assigned. If the length of the constant or expression is greater
than the maximum length of the variable, a string overflow (SOFLOW) occurs.
SOFLOW is a type of exception condition that occurs when a character string is
assigned a value that is longer than its maximum length. For example, SOFLOW
would occur if you attempted to assign the character string “Jennifer” to A$, which
had a maximum length of five characters, defined in the statement DIM A$*5.

Character Operators and Expressions

Character Substrings

Suppose you are writing part of a program that deals with formatting a report
printout and you want a heading which under certain circumstances says, “BID
ESTIMATE WITH MARKUP”, and under other circumstances says, ‘“BID
ESTIMATE WITHOUT MARKUP”. You could merely write two conditional
PRINT statements, one for each entire heading. But there is a way to use character
assignment and the concatenation (&) operator to achieve the same result.

Note that the only difference between the two headers is the character string OUT.
Now if you separate the headers into three character expressions and assign these
to three variables, your printout task will be very easy, as follows:

10 let a$ = "BID ESTIMATE WITH"
20 let c$ " MARKUP"

30 if flag = 1 then

40 bs$ = "ouT"

50 else

60 bs = un

70 end if

80 print a$ & b$ & c$

nn

prints BID ESTIMATE WITHOUT MARKUP if flag=1 and prints BID
ESTIMATE WITH MARKUP otherwise.

Concatenation adds together the character expressions concatenated to one
another by the ampersand (&) symbol. When there are several long expressions
involved, you should be careful not to go past the page margin on a printout or
cause a program exception condition by exceeding the maximum allowed length of
the receiving character variable in an assignment statement.

A character string is a sequence of characters. The substring capability allows you
to extract, replace, or insert specified characters in a string.

The substring is specified by a qualifier of the form (m:n), where "m" represents
n_n

the starting character number and "n" represents the ending character number.

For example, if the character variable address$ consists of “street,city,state,” then
extracting various substrings has this result:
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Statement Result

10 a$=address$(1:6) a$ equals "street"
20 a$=address$(8:11) a$ equals "city"
30 a$=address$(13:17) a$ equals "state"

In the appended qualifier (m:n), both m and n may be numeric constants, variables,
or more complicated numeric expressions. The use of variables as substring
qualifiers is convenient for cases requiring repetitive reference to different
substrings such as the scanning of a character string to search for a matching
substring. If numeric expressions are used as substring qualifiers, BASIC evaluates
these expressions and rounds them to the nearest integer.

In the example above, the substring qualifiers are added to character names. But
substring qualifiers can also be added to character constants or any other character
expressions. For example, the following statements illustrate valid substrings:

10 p$ = "abcde"(2:3) Ip$ = "bc"

20 a$ = "bc":b$ = "efghijklmn"

30 q$ = a$&b$(4:7) 1q$ = "bchijk"
40 r$ = (a$&bs)(4:7) Ir$ = "fghi"
50 s$ = ((a$&b$)(4:7))(2:3) Is$ = "gh"

60 def user_def$(x$,y$) = x$&y$
70 t$ = user def$('123','456')(3:4) !t$

II34M

A substring qualifier may not follow another substring qualifier unless the
preceding expression is enclosed in parentheses.

10 a$

b$(3:4)(4:4) Ithis is illegal
20 a$

(b$(3:4))(4:4) !this is legal

Substring operations are useful when processing character strings or variables.
Because the beginning and ending designators in a substring may both be numeric
expressions, the substring operation can be very useful for scanning data. For
example, if you wanted to scan the character string in address$ for the substring
“state”, you could use the following statements:

100 for i=1 to len(address$)-4
110 if address$ (i:i+4)='state' then found
120 next i

where FOUND is a line label.

Defining and Using Arrays

Suppose you are keeping statistics about the weather. You will probably have a lot
of data, such as average temperatures, inches of rainfall, high temperatures, and so
forth. If you write a program to keep all this data on record, it would be a good
idea to arrange the data in some order; for example, you can keep the average
temperature for each month together in one place and the rainfall for each month
together in another place.

With BASIC, you can keep groups of similar data together by organizing them into

arrays. Arrays group data into categories; within each array are individual
members that compose the actual data for that category.
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Defining An Array

In the weather example, suppose we wanted to maintain three sets of data:
e The names of the months (MONTH$)

« The average temperature for each month, which is assumed to be integer for
this example (TEMP)

« The total rainfall for each month, which is assumed to be decimal for this
example (RAIN)

We can look at this data in one of two ways:
« Three separate arrays, as shown in Figure 5 on page 52.

e One array in two dimensions, which is assumed to be decimal for this example,
as shown in Figure 6 on page 52.

The WEATHER table is really a combination of two of the lists (temperature and
rainfall). Notice that temperature is carried as a decimal value rather than an
integer as all elements in an array must be the same type. Because you can read in
two directions, it is called a two-dimensional array. The MONTHS array cannot be
combined with temperature and rainfall as it is a character array.

It will be a lot easier to work with the weather data if we keep it together in three
one-dimensional arrays, or one two-dimensional array and one one-dimensional
array, than it would be if we considered it as 36 separate variables. This section
shows you how to work with arrays in BASIC programs.

When you want to work with an array, you must first tell the system that you are
working with an array and not with ordinary variables. This is called defining your
array.

Defining the array merely involves telling the system how big it is going to be (so
the system can allocate room for it), and telling the system what kind of data will
be in it. (Later on, you fill in the data, but this is not part of defining the array.)
The data for your arrays can be made up of numeric data or character data. If the
data is character data, each item must have the same maximum length. You can
define an array to have either kind of data in it, but it must have only that kind of
data in it (notice how the data is defined in Figure 6). You can not mix characters
and numbers in a single array, nor can you mix decimal, real double, real single,
and integer items.

Each variable within an array is called an element of the array. You can refer to a

particular element by giving its position within the array. These position numbers
are called subscripts.
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MONTHS (12) TEMP (12) RAIN (12)
ARRAY ARRAY ARRAY
MONTHS (1) JAN 28 3.47
(2) FEB _TEMP(2) || 31 2.10
(3) MAR 35 2.95
@) | APr 49 _RAIN (@) ™ 462
(5) MAY 60 3.02
(6) JUNE 64 2.87
(7) JULY 75 2.04
(8) AUG 81 1.89
(9) SEPT 71 2.74
(10) OCT 59 2.90
(11) NOV 46 1.85
(12) DEC 37 2.35
Figure 5. One-Dimensional Array Examples
WEATHER (12, 2)
TEMPERATURE | RAINFALL
(1,1 28.0 3.47 (1,2
(2,1) 31.0 2.10 WEATHER (2,2) |
(3,1) 35.0 2.95 (3,2
(4,1) 49.0 4.62 (4,2
(5, 1) 60.0 3.02 (5, 2)
(6, 1) 64.0 2.87 (6, 2)
(7,1) 75.0 2.04 (7,2
(8, 1) 81.0 1.89 (8, 2)
(9,1 71.0 2.74 (9,2
(10, 1) 59.0 2.90 (10, 2)
(11, 1) 46.0 1.85 (11, 2)
(12, 1) 37.0 2.35 (12, 2)

Figure 6. WEATHER Two-Dimensional Array Example

Dimensioning — OPTION And DIM Statements

An array can have one to seven dimensions, with each dimension having a specified
size. Array subscripts can begin with zero (BASE 0 option), or one (BASE 1
option). If you omit the OPTION statement, then the lower bound will be the
default value. It is usually zero; see IBM BASIC Language Reference. The total
number of elements in any array is determined by the presence or absence of a
BASE option in an OPTION statement. For example:

temp(5)
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If the BASE 1 option is in effect, this refers to the fifth element of TEMP. If the
BASE 0 option is in effect (the default), this refers to the sixth element of TEMP.

The size of a one-dimensional array is the total number of sequential elements.
The size of a two-dimensional array is the number of elements in one dimension
multiplied by the number of elements in the other dimension. For example:

100 option base 1
200 dim weather (12,2)

defines WEATHER as a 2-dimensional array, the first dimension containing 12
elements, the second dimension containing 2 elements. Therefore, the array
contains 24 elements. If you omit the OPTION statement and BASE 0 is the
default, the first dimension of WEATHER has 13 elements and the second has 3
elements, and the array has 39 elements. Each dimension is subject to the BASE
option.

Explicit Dimensioning

Using the DIM statement, you can explicitly define the size and type of numeric
arrays, and the size, type, and maximum length of character arrays. The
COMMON (also spelled COM) statement allows you to explicitly define arrays as
in the DIM statement. Furthermore, COMMON allocates these arrays and
variables in a common area, which provides a means of passing values between
program units (main programs and subprograms) and between programs during a
CHAIN.

Both DIM and COMMON statements use integer constants within parentheses to
define the upper bounds for each subscript in an array. If there is more than one
dimension, the dimensions are separated by commas. For example (with BASE 0
option):

100 dim aray(20), name$(20,100)
150 com x(500)

ARAY is a one-dimensional numeric array containing 21 elements.

NAMES is a two-dimensional character array containing 21 rows with each row
containing 101 columns.

X is a one-dimensional numeric array containing 501 elements.

Typing is determined as described for “Character Variables” on page 48 and
“Numeric Variables” on page 43.

The elements of a character array all have the same maximum length. This length
can be declared in a DIM or a COM statement. For example:

100 dim name$(5)*20

declares that each of the 6 elements in the character array NAME$ has a maximum
length of 20 characters.

If you don’t specify a maximum length, the default value is assumed. See
““Character Variables” on page 48.
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Implicit Dimensioning

You can refer to an array in a program without declaring it in a DIM or COM
statement. This is called implicit dimensioning.

Such an implicit array is automatically dimensioned to an upper limit of 10 for each
dimension specified in the first usage of the array name. If the BASE 1 option is in
effect, each implicit dimension has a range of 10 elements; if the BASE 0 option is
in effect, the range of each dimension is 11 (0 through 10).

Implicit dimensioning can be convenient when your array requires dimensions that
are 10 or 11 elements long. In other cases, you must use explicit dimensioning.

Using Subscripts To Access Arrays

If the BASE 0 option is in effect, you refer to the first element of array RAIN as
RAIN(0), the second element as RAIN(1), and so forth. If you specify the BASE

1 option, then the first element is RAIN(1) the second element RAIN(2), and so
forth.

You can also use variables and expressions as array subscripts. You must ensure,
however, that the expression never evaluates to a number that exceeds the upper
limit implicitly or explicitly defined or is less than the lower limit (one for BASE 1
or zero for BASE 0). BASIC generates an exception if the subscript is not within
these limits. And, unless you include exception handling statements for this in your

program, this exception halts execution of the program. See ‘“Handling
Exceptions” on page 129.

To access the Sth element of the 3rd row, with the reference WEATHER(K,L),

and if the BASE 1 option is in effect, the subscripts K and L. must evaluate to 3
and 5, respectively.

You can use expressions as array subscripts. For example, you could define a tax

table as the array TAX(2,10,20). In this array, a particular rate could be found by
the statement:

140 let rate = tax(status,dependents,logl0(income))

where the variable STATUS is 1 for single and 2 for married, DEPENDENTS is
the number of dependents, LOG10 is an intrinsic function, and the expression
LOG10(INCOME) evaluates to the nearest rounded integer of a tax bracket.
(You probably would find the LOG10 of income to be inappropriate for use in a
practical tax situation.) Notice that LOG10 is a keyword, but its use in this
example is correct, as it describes a function, and it is not the name of a variable.

As the above example shows, you can use functions or other complex expressions
as subscripts. This is convenient, but you should be careful when you use them.

When you use a subscript expression, make sure it will fall within the lower and
upper bounds.
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An array subscript may also be an element of another array, provided, of course,
that this reference is to a numeric array. For example:

10 value = z(y(5,3))
where Y(5,3) is an element of a numeric array named Y.

Subscripting Character Arrays

A character array is subscripted in the same way as numeric arrays, and you can
use character arrays in a variety of situations that require repeated or selective
generation of character data.

For example, you could dimension a character array,

10 option base 1
20 dim day$(7)*10

where DAYS$ is an array of seven elements, each with a maximum length of 10
characters. Then you could fill it with the names of the weekdays using either
assignment statements or DATA and READ statements, and select any particular
day by designating the appropriate subscript of the array. If you had started with
Monday as the first day of the week, then;

30 print day$(1)

would print "Monday", and

40 print day$(2)
would print "Tuesday".

Using the numeric variable D to represent the number of the day that is calculated
by some other part of the program,

50 print day$(d)
would print the name of the day based on the calculated number of the day.

You can use substring qualifiers with character array elements as with character
variables. Referring to the previous example:

90 print day$(2)(1:4),day$(6)(1:3)

would print:

Tues Sat

Using Array Expressions
Any programming task that entails moving groups of data is probably tedious if the

language demands that each element of the group must be individually specified in
the action statement.
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BASIC’s array operations provide an easy way to transfer data to and from arrays
and also to and from files, without the necessity of writing many assignment or
input/output statements.

The convenience of using array expressions is obvious in the following examples.

If every element of the array A(2,10) must be filled with a specific value X, you
could use a nested loop:

410 for i = 0 to 2

420 for j = 0 to 10
430 let a (i,j) = x
440 next j

450 next i

However, the MAT statement
410 MAT a=(x)

does it all!

(See “FOR/NEXT Blocks” on page 70 for a discussion of FOR/NEXT loops.)

Assigning Array Values — MAT Statements

The MAT statement allows you to perform operations immediately on entire
groups of data. This can simplify your programming task. For example:

410 mat a = (x)
performs the same operation as the five statements above.

The expression to the right of the equal sign may also be an array function. For
example:

985 mat a = trn(a)

fills the array A with the transpose of itself. (You are allowed to use the same
array name on both sides of an assignment.)

You can also perform arithmetic operations with arrays using either individual
assignment statements or MAT.

Array Addition and Subtraction

56

Adding or subtracting two numeric arrays gives you a resultant array whose every
element is the sum or the difference of the corresponding elements of the other two
arrays. If these arrays are moderately large, you can see the distinct advantage of a
MAT statement over individual assignment statements.

For example, assume that you want each element of array A to be the sum of the
corresponding elements of B and C. You could write:
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Array Scalar Multiplication

Array Matrix Multiplication

80 option base 0
90 dim a(4), b(4), c(4)

100 a(0) = b(0) + c(0)
110 a(1) = b(1) + c(1)
120 a(2) = b(2) + c(2)
130 a(3) = b(3) + c(3)
140 a(4) = b(4) + c(4)

or, much more efficiently:

80 option base 0
90 dim a(4), b(4), c(4)
100 mat a = b + ¢

Scalar multiplication merely multiplies each member of an array by the same
number. For example:

100 dim x(20),y(20)
110 mat x = (3.2)*y

multiplies every element in array Y by 3.2 and stores the result in the
corresponding elements of array X.

Matrix multiplication behaves according to row and column rules that you will
remember only by using them often enough. Each element of the resulting array is
the dot (inner) product of the row in the first array multiplied by the same column
of the second. For example:

100 option base 1
110 dim a(3,3),b(3,2),c(2,3)
300mat a=b * ¢

has the same effect as the following scalar assignment statements if B and C have
the values shown in Figure 7 on page S8.

300 a(1,1) = b(1,1) * c(1,1) + b(1,2) * c(2,1)
310 a(1,2) = b(1,1) * c(1,2) + b(1,2) * c(2,2)
320 a(1,3) = b(1,1) * c¢(1,3) + b(1,2) * c(2,3)
330 a(2,1) = b(2,1) * c(1,1) + b(2,2) * c(2,1)
340 a(2,2) = b(2,1) * c(1,2) + b(2,2) * c(2,2)
350 a(2,3) = b(2,1) * c(1,3) + b(2,2) * c(2,3)
360 a(3,1) = b(3,1) * c(1,1) + b(3,2) * c(2,1)
370 a(3,2) = b(3,1) * c(1,2) + b(3,2) * c(2,2)
380 a(3,3) = b(3,1) * c(1,3) + b(3,2) * c(2,3)

After the operation is completed, array A contains the following values:

a(l,1) =2 * 8+3*11 = 49
a(l,2) =2 * 9+3*12= 54
a(1,3) =2 *10+ 3 *13 = 59
a(2,1) =4* 8+5*11= 87
a(2,2) =4* 9+5*12= 96
a(2,3) =4 *10+ 5 * 13 = 105
a(3,1) =6* 8+ 7 *11 = 125
a(3,2) =6* 9+ 7 *12 =138
a(3,3) =6 *10 + 7 * 13 = 151
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The results are shown graphically in Figure 7.
Array B Values Array C Values
2 3 8 9 10
L 5 11 12 13
6 7/
MAT A=B * ¢
Resulting Array A Values
2*8+3%11 | 2*9+3*12 | 2*10+3*13
49 54 59
4*8+5%11 | 4*9+5%12 | 4*10+45%13
87 96 105
6*8+7%11 | 6%9+7%12 | 6*10+7*13
125 138 151

Figure 7. Matrix Multiplication Example

In all numeric operations, remember that the result of the rightmost expression is

converted to the type of the left.

Redimensioning Arrays

58

You can redimension an array in either the size of each dimension or the number of
dimensions as long as the total number of elements does not exceed the original
total number of elements. (See IBM BASIC Language Reference for more detail.)

Use the MAT statement to restructure (redimension) numeric and character arrays.

For example:

100 option base 1
110 dim alpha (2,4)

You can restructure the ordering of the elements of ALPHA using the MAT

statement:

400 mat alpha = alpha (4,2)

changes ALPHA from a 2-by-4 array to a 4-by-2 array.
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Figure 8 shows how restructuring works.

ALPHA (2, 4) ALPHA (4, 2)
T
r1 2 3 4] 1 2

CL [

5 6

ALPHA (1, 3)
CONTAINS 3

7 | 8 | ALPHA (3,1)
\__1 J CONTAINSS5

Figure 8. Array Redimensioning Example

You have not increased the total number of elements, but you have changed the
size of each dimension and therefore each subscript range. As long as you don’t
exceed the original total number of elements, you can change the number of
dimensions. For example:

500 mat alpha = alpha(2,2,2)

changes ALPHA from a two-dimensional array with eight elements to a
three-dimensional array with eight elements.

When you redimension an array to a smaller number of elements than the original,
the excess elements of the original are not accessible.

It is valid to combine certain array operations with redimensioning. Assume that
BETA is a 4-by-2 numeric array, then:

550 mat beta = zer(2,2,2)

changes BETA from a 4-by-2 array to a three-dimensional 2-by-2-by-2 array and
also sets all the elements in the BETA to 0, because ZER is an array function that
sets each element of an array to 0.

Defining and Using Functions

Functions define a specific operation and produce a single result. You can use a
function anywhere in your program that you can use constants, variables, or array
element references. There are two types of functions: intrinsic and user defined.
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Using Intrinsic Functions

60

Certain operations are so commonly used that you would be seriously affected if
they were not built into the language. In order to eliminate the chore of writing
these common functions as subroutines in your program, BASIC supplies you with
a wide variety of intrinsic functions. (See IBM BASIC Language Reference for a
complete list and description of all these functions.)

A function produces a single result. You can use a function in your program by

writing the function name followed by its arguments enclosed in parentheses. For
example:

sqr(x)

is a function that computes the square root of the value contained in X. X is
referred to as the argument of the SQR function.

Some functions have more than one argument. You must always provide the
required number and type of arguments when you use that function in your
program. Multiple arguments are separated by commas. For example:

max(x,y,z)
MAX returns the largest (algebraically) of its arguments.

You can also use expressions or variables in the argument list of a function. For
example:

sqr(2*4)
the expression 2*4 is the argument to the function SQR.

Functions can be used in expressions, for example:

5*sqr(16)

Functions can be used as arguments; for example:
cos(sqr(64)/8-1)

The function SQR is part of an expression which is the argument to the function
COS.

Some functions that can help you manipulate character strings are described below.
As an example, if r$= “help” the statement

100 F = len(rs$)

places 4 in the variable F, which is the current length of the character string in R$
when the LEN function is executed.

Character fields are often easier to manage if they are standardized to some
predetermined length. This means you will want to have a quick way to add spaces
in front of or after character groups whose lengths are less than the predetermined
length.
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To insert spaces in front of a character string to ensure that it has a length equal to
the number of characters specified in the argument M, use the intrinsic function
LPADS. For example:

340 a$=1pad$(as$,m)

puts spaces in front of the contents of A$ until the total length of AS$, including the
added spaces, equals M.

To insert spaces following a character string to ensure that it has a length equal to
the number of characters specified in the argument M, use the intrinsic function
RPADS. For example:

700 a$=rpad$(a$,m)

puts spaces to the right of the contents of A$. In either of the above, if M is less
than or equal to LEN(AS$), spaces are not added.

To replace an embedded character string with another character string, use the
function SREP$. This function can be used to change any misspelled words in a
stream of text. For example:

430 a$=srep$(a$,m,b$,c$)

searches character strings in A$ and replaces one embedded group of characters
with another. The function starts looking at position M in A$ for all
nonoverlapping occurrences of the character group B$, and replaces it with the
group C$. Search and replace is a basic requirement of text processing programs.

For example: the typographical error represented by a$="*‘reclository.”

620 as$=srep$(a$,3,"c1","p")
changes the “reclository” in A$ to “repository.”

For clarity, the example shows only one replacement occurrence, but in a longer
character string there could be more than one replacement occurrence. This would
be the case if the same word were misspelled several times in a portion of text.
(For a complete description of all the intrinsic functions, refer to JBM BASIC
Language Reference.)

Most functions can also be used in the MAT statement to apply the function to
every element of an array. For example, to call a FORTRAN routine it is a good
idea to have all elements of a character array be of the same length. This can be
easily accomplished using the RPADS$ function. For example:

780 mat a$ = rpad$(a$,10)

would pad every element of a$ with spaces to a length of 10. See IBM BASIC
Language Reference for more details.
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Defining and Using Your Own Functions

Intrinsic functions are compact and already available but they are necessarily
limited to some reasonable collection of functions which will probably be
frequently needed by the majority of users.

If you want to create a function in your program not included in the intrinsic group
of functions, you may do so, provided that you completely define the function.
There are two ways to accomplish this, and both use the keyword DEF.

Single-Statement Functions

A single-statement function completely defines the function in the space of one

program statement by using an equal sign to assign the value of the function to the
function name. For example:

200 def poly(x) = x**3+x**2+x

POLY is the name of the function. Function names may be any valid numeric or
character names. The “X” inside the parentheses is the parameter for this
function. If more than one parameter is needed to compute the function value,

then the parameters must be separated by commas to form a parameter list; for
example: (N,R,W).

To use the single-statement function defined above, you could write:
200 let y = poly(a)

The POLY(A) refers to the function named POLY. ‘“A” is the argument that the

function is to operate on. If A has the value 2 when the function is called, then Y
would become A**3+A**2+A or 8+4+2 or 14.

Single-statement functions lend themselves well to formulas and expressions that fit
easily on one line.

Multi-Statement Functions

Multi-statement functions also begin with the DEF statement, the name of the
function, and a parameter list, but without an equal sign on the same line. Instead,

the function is defined on one or more statements which are called the “body”’ of
the function:

100 def abc(x)
110 abc=1

120 if x<>1 then abc=4
130 fnend

When this function is executed, it returns a value of 1 if X equals 1; otherwise, it
returns the value of 4.

To end a multi-statement function, you must write an FNEND statement.
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Using Your Own Functions

When you use a function, the list of arguments following the function name must
agree in number and order with the list of parameters in the DEF statement. In
addition, a character argument must correspond to a character parameter and vice
versa. Numeric arguments will be converted to the type of the corresponding
numeric parameter. For example:

100 integer v,p,k,1 : decimal t,j,fnmix
110 def fnmix(n$,t,v,p)=len(n$)+t-v/p
120 let name$ = "merlin"

130 let j = 54.3
140 et k = 4
150 let 1 = 20

160 print fnmix(name$,j,k,1)

The PRINT statement at line 160 uses the function FNMIX; the arguments
NAMES, J, K, and L agree with the parameter list in the DEF statement at line
110. Statement 160 prints 60.1 (the length of “MERLIN” is 6, added to 54.3 is
60.3, which becomes 60.1 when 4/20 is subtracted).

For character functions in which the maximum length of the returned value is
required, write an asterisk and a length immediately following the character
function name. For example:

330 def fna$*10(a$,b$) = a$ & b$
restricts the result of the concatenation to a maximum length of 10 characters. If
the maximum length is not specified, the default maximum length is assumed (see

“Character Variables” on page 48.)

When invoking your function, omit the length restriction. For example:

EHSt
100 g$ = "minne"
110 r$ = "sota"

120 def fna$*9(a$,b$) = a$ & b$
130 print fna$(q$,rs$)
140 end
* run
minnesota
END AT LINE 140.

Comparing and Combining Expressions

When you write a program with decision making capability, you will be writing
statements that involve relational and logical expressions. Rudimentary programs
need to compare and combine expressions, and most programs make extensive use
of relational comparisons between values.

A relational expression compares the values of either two numeric expressions or
two character expressions to determine if the statement is true or false.

Logical expressions allow the combination of relational expressions using AND,
OR, and NOT to determine if the combined relational expressions are true or false.
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Relational and logical expressions can be used in DO, EXIT IF, IF, and LOOP
statements. CASE statements also allow an abbreviated form of relational
expressions. i

Relational Expressions

Two simple numeric or character expressions with a relational operator between
them form a relational expression. (A relational expression using arrays is not
valid.) Figure 9 lists the relational operators and describes their meanings.

Relational Operator Meaning

= or EQ equal to

<> or >< or NE not equal to

>= or => or GE greater than or equal to
<=or=<orLE less than or equal to

> or GT greater than

<orLT less than

Figure 9. Relational Operators and Their Meanings

For example:

a=b can be read as: a equals b
a NE b can be read as: a is not equal to b
a <= b can be read as: a is less than or equal to b

It is the values of the variables that are being compared in each case, not the names
of the variables. The “truth” or “falsity” of each relation depends entirely on the
values of the variables at the time your program makes the comparison. If you

assign a value of 5.7 to A and a value of 5.7 to B then the relation A = B is true,
and the relation A NE B is false.

The relational operators you use most often with character expressions are equal to
and not equal to. However, this is not a restriction. You can use any relational
operator in a comparison between two character expressions. For example:

"ab" = Ilabll
llab" < Ilabcdll
llxyll > "ab“

All these relations are true. (See IBM BASIC Language Reference for a discussion
of characters and collating sequences.)

Be careful when comparing numeric values for equality or inequality. This is
especially true of real data. For example,

SO S U] St ] S0

will not exactly equal .5, if computed using real data, because of limitations in
accuracy.
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Logical Expressions

AND Logical Operator

OR Logical Operator

NOT Logical Operator

Many practical situations impose a series of conditions that must be met before a
certain action will be taken.

“To buy this house, you must have a down payment AND qualify for a mortgage
loan.” In this case, both conditions must be true before you can buy the house.

“I can accept your check after I see your driver’s license OR a credit card.” In this
case, if either condition is true, your check will be accepted.

Application programming tasks must take into account many such real-life
situations.

A payroll check, for example, is only to be printed when all of the following
conditions are satisfied: -

1. The employee is a valid employee.
2. You have correctly calculated the gross pay based on salary or wages.

3. You have calculated all the appropriate taxes and subtracted them from the
gross amount.

4. You have sufficient money in the bank to cover the check.

In BASIC, you have the operators NOT, AND, and OR to combine relational
expressions into logical expressions.

AND specifies that two relational expressions must be true for the entire statement
to be true. For example:

a=bANDc =d

A must equal B, and C must equal D, for the logical expression to be true.

OR specifies that either of two relational expressions must be true for the logical
expression to be true. For example:

a=bORc=4d

If either A equals B, and/or C equals D, the logical expression is true.

There will be times when you will need to test for the inverse of a situation:

“If I have NOT cheated, then I deserve the trophy.” For me to take possession of
the trophy, the supposition of cheating must NOT be true.
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NOT can be used to reverse the meaning of a single relational expression or an
entire logical expression.

If you use NOT you may want to use parentheses to ensure you are reversing the
correct expression(s). For example:

not (a=b) and c=d
If A is not equal to B, and C equals D, the expression is true.

The following is equivalent to the above, but is more likely to be misinterpreted by
someone looking at the expression:

nota=bandc=d

To reverse the meaning of an entire logical expression, you can enclose the
expression in parentheses and place the NOT operator in front of the leftmost
parenthesis. NOT then reverses every operator within the parentheses.

not (a=b and c=d)

has the same meaning as

aNEDb or cNEM

the equal signs were reversed to not equal and the AND was reversed to OR. The

above is not always true, however, because of the priority rules. See “Priority of
Evaluation” below.

Priority of Evaluation

To predict the outcome of longer logical expressions you need to know the order in
which the expressions are evaluated. The order is as follows:

Operation Priority
Arithmetic or character expressions highest
Relational expressions |
NOT |
AND ' v

OR lowest

If the logical operators are of equal priority, they are evaluated on a left-to-right
basis. For example:

X=yANDb<cANDD > e

Is evaluated as follows:

1. The relational expression X = Y is evaluated.
2. The relational expression B < C is evaluated.

3. The relational expression D > E is evaluated.
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4. All the relational expressions must be true for the logical expression to be true.
If any relational expression is false, the logical expression is false.

~

However, parentheses override the priority of operations, just as they do in numeric
expressions. For example:

(tally>1imit or tally<xero) and x<>y

is evaluated as follows:

1. The relational expressions TALLY >LIMIT, and TALLY<ZERO are
evaluated.

2. The OR operator is evaluated.
3. The relational expression X<>Y is evaluated.
4. The AND operator is evaluated.

If there were no parentheses, the AND operation would take higher priority than
the OR.

If priority is done explicitly with parentheses then the rule for reversing AND and
OR when applying NOT (mentioned in the previous section) is correct. For
example:

not (a=bandc=dore=fandg=h)

is not equivalent to

aNEDborcNEdandeNEforgNER
because parentheses were not added appropriately. This difference would be

especially great if all were equal except G and H. The correct equivalent
expression is

(a NE b or ¢ NE d) and (e NE f or g NE h)

Controlling Program Flow

Application programs seldom are so short and simple as to require no program flow
other than the default sequence of progressing straight down the list of statements
from first to last.

The first programs a new programmer writes might be of this type, but you will
soon see the advantages of being able to have the program automatically jump
from one statement to another depending on conditions set up by some previous
action or new data.

You could, of course, write a very long program with no flow control in it, but the
program would not have much ““intelligence,” that is, it would have little decision
\\ making capability other than that provided by IF statements without branching.

) But equally important would be the difficulty of “‘structuring” such a program.
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You can use structured programming to help you keep your program simple, easy
to understand, and easy to maintain. BASIC provides statements such as the
DO/LOOP block, the FOR/NEXT block, the IF/ELSE block, and the
SELECT/CASE block which you will find helpful when preparing structured
programs. These statements are described in the following sections.

Using Program Loops

Looping is one way of controlling program flow. Looping is the repetitive
execution of the same group of statements until a particular condition is met. A
variety of statements can be placed within a loop; what remains constant is the
repetitive action. The DO and the LOOP, or the FOR and the NEXT, are

demarcations between the remainder of the program and the block of statements to
be repeated.

DO UNTIL/LOOP Block

To illustrate the use of a DO loop, assume you need a program module that will go
through a long list of employee numbers (in character format) in an array until a

certain given number (GIVENS) is matched. A DO loop can structure this subtask
as follows:

100 sbs = 0

110 do until given$=en$(sbs)
120 sbs=sbs+1

130 loop

GIVENS contains the employee number to be matched and ENS$ is the array
containing each employee number.

The statements between DO UNTIL and LOOP are repeated until the expression
associated with the UNTIL clause is true. Control then passes to the next
statement after LOOP.

If the condition is true the first time that GIVENS is tested, the loop is not
executed.

If you want the test to take place after the loop is executed, you can let the LOOP
statement do the controlling, by coding the UNTIL clause in the LOOP statement:

100 sbs=0

110 do

120 sbs=sbs+1

130 loop until given$=en$(sbs-1)

Note that in this case the loop will be executed one more time before the
expression associated with the UNTIL clause is true.

You can actually code an UNTIL clause or a WHILE clause (discussed in the next
section) in borh the DO and LOOP statements, as shown in Figure 10 on page 69.
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until clause is false
while clause is true
or neither clause is present

Loor
exit condition
tested *

DO Do statement(s) executed
exit condition
tested*

Y

v

until clause is false
while clause is true
or neither clause is present

) ) until clause is true
until clause is true or while clause is false

or while clause is false

Y

Figure 10. DO/LOOP Blocks

DO WHILE/LOOP Block

You may find it more logical in some circumstances to use WHILE instead of
UNTIL. The statements between DO WHILE and LOOP are repeated as long as
the logical expression following the WHILE clause is true. For example, in

100 do while a>10.5
110 a = a-l
120 loop

the statement A = A-1 is repeated as long as A is greater than 10.5. When A is
less than or equal to 10.5, control is transferred to the statement following LOOP.
If A is less than or equal to 10.5 when the DO statement is executed, control
immediately passes to the statement following LOOP and the statement A = A-1 is
not executed.

A variation is to let the LOOP statement do the controlling. If you code the
WHILE clause on the LOOP Statement rather than on the DO statement, the
condition is tested after the statements within the loop are executed instead of
before. Thus, the statements within the loop will be executed at least once. If a
WHILE clause is coded on the DO statement, there is no guarantee that the loop
will be executed once.

100 do

110 a=a-1
120 loop while a>10.5

When the DO loop is executed, the statement A=A-1 is executed regardless of
whether A is less than or equal to 10.5.

In either case, the logical expression associated with the WHILE clause must be
false before the exit condition is met.

| You can code a WHILE clause in both the DO and LOOP statements, as shown in
Figure 10 on page 68. This gives you flexible and powerful control of looping.
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FOR/NEXT Blocks

Another loop block is the FOR/NEXT loop, which allows you to repetitively step

through a loop by testing a count condition. Control here is a little different from
that of DO loops. For example:

100 for i =a to b

110 print i
120 next i

The FOR statement has:

« A control variable, in this case I,

« An initial expression, in this case A, and
» A final expression, in this case B.

When the loop is entered, I is set equal to A.

Each time through the loop, I is increased by 1.

When I tests as greater than B, the loop is exited and the statement after NEXT I is
executed.

Notice that the control variable I is used in both the FOR and the NEXT
statements. The control variable must be a numeric variable.

The initial and final values may be numeric variables or any other valid numeric
expressions. For example:

100 for j = c*3+d to (x+y)/z

The initial value is the expression ¢*3+d and the final value is the expression
(x+y)/z.

The flow of control in a FOR/NEXT loop is shown in Figure 11 on page 71.

STEP Clause — FOR Statement: The optional STEP allows you to increase or
decrease the control variable by values other than one. For example, if you wanted

to print numbers from 100 to 0 in steps of 10 for the ordinate of a graph, you could
code:

100 m = -10

110 for j = 100 to O step m
120 print j

130 next j

m, the expression immediately following the STEP clause, is the increment. It can
be negative, as in this example, or it can be positive. However, to avoid unforeseen
results, you must ensure that the positive or negative increment is valid for the
range of the initial and final values (a positive increment in this example would not
be meaningful).
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FOR/NEXT Blocks

-

nctament statement(s) executed

count not satisfied

FOR ‘ count satisfied

condition >
W

Figure 11. FOR/NEXT Blocks

Loop Considerations
Control can enter a loop in your program only at the DO or FOR statement.

I You can transfer control out of a loop with a GOTO statement, but you cannot
transfer control from outside a loop to a statement within the body of one of these
loops. You can, however, use functions or you can call subroutines from within a
loop, because control leaves the loop and returns without going anywhere else
(except perhaps to another subroutine or function).

\ You can also use the EXIT IF statement to transfer control out of a loop. For
example:

380 do while a<10

390 a=atl

400 exit if a>b
410 Toop

transfers control out of the loop when the value in A is greater than the value in B.

When control is transferred out of a FOR loop, the value of the FOR control
variable remains at its current value.

Using Nested Loops

As long as you keep the DO and LOOP, or FOR and NEXT statements in matched
pairs you can use loops within loops, as shown in Figure 12 on page 72.

The behavior of such “nested” loops is to satisfy the innermost before each
successive outer loop is processed.

In this example, the inner B loop is processed 10 times each time the outer A loop
is processed.

-
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IF/ELSE Blocks

100 LETA=0
110 DO UNTILA =10

120A=A+1

OUTER LOOP ———&—
130 PRINT A

140 FORB=1TO 10

150 PRINT B —=——|NNER LOOP

160 NEXT B

170 LOGP

Figure 12. Nested Loops

An IF block allows you to enclose any group of statements in a single block to be
processed when the IF condition is true; or in a pair of blocks, one or the other of
which is processed depending on whether the IF statement is true or false, as
shown in Figure 13 on page 73.

IF blocks are especially efficient when your program contains many statements to
be executed when the condition is true or when the condition is false. For
example:

100 if year = leapyear then
110 daynum = daynum+l
120 print "leapyear"

130 else

140 print "normal year"
150 end if

The statement at line 100 tests whether the value in YEAR is equal to the value in
LEAPYEAR. If it is, the value in DAYNUM is increased by 1, the word
“leapyear” is printed, and control transfers to statement 150. If YEAR is not equal
to LEAPYEAR, the phrase “normal year” is printed and control transfers to the
statement after line 150.

Depending on your application, there could have been a great many more
statements between the IF line and the ELSE line, or between the ELSE line and
the END IF line. The ELSE block can also be entirely omitted.

There is one important restriction. You can transfer control out of an IF block
with a GOTO or GOSUB statement but you cannot use GOTO or GOSUB to
transfer control from outside it to a statement within the body of one of these
blocks. You can, however, use functions or call subroutines from within an IF
block, because control leaves the block and returns without going anywhere else
(except perhaps to another subroutine or function).

For IF blocks it is important to note that the THEN clause must be on the same
line as the IF and the statement must be separate from the block of statements that
follow the THEN. In this respect, there is an important difference between the
block IF and the "simple" IF statement (see “Conditional Branching — IF
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IF Block

THEN statement(s) executed

condition END IF

tested

\J

(False)

ELSE statement(s) executed

Figure 13. IF Block

SELECT/CASE Blocks

Statement” on page 77). Unless you are careful, BASIC can easily assume that a
block IF is a simple IF. For example:

100 if rc(1)=100 then print "*** END ***"

110 else
120 print "ERROR"
130 mat print rc
140 end if

The above ELSE statement will be an error because BASIC assumes that line 100
is a simple IF. The THEN block (but not the THEN keyword) must be separate
statements.

The SELECT block is more versatile as a structuring device than the IF block. The
IF block allows you to choose two alternative paths of control; the SELECT block
allows you many alternative paths of control.

The SELECT and END SELECT statements enclose a group of CASE statements;
the entire group of statements is known as a SELECT block.

SELECT blocks allow the conditional processing of groups of statements. The way
this is accomplished is by subdividing the SELECT block into sub-blocks, each of
which is a CASE block. "

A SELECT/CASE block is shown in Figure 14 on page 75. It is executed as
follows:

« The SELECT expression is evaluated.
o The value of the SELECT expression iszested against the CASE-1 condition.

« If CASE-1 is true, the CASE-1 statements are executed, and control passes to
END SELECT.

o The value of the SELECT expression is tested against the CASE-2 condition.
« If CASE-2 is true, the CASE-2 statements are executed, and control passes to

END SELECT.
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» Similarly, each CASE specified is tested in turn and its statements executed if
the CASE is true, and control is transferred to END SELECT.

« If no CASE is true, the CASE ELSE statements are executed.

(If no CASE is true and you did not specify CASE ELSE, you’ll get an
exception.)

You can have any number of CASE blocks as long as they do not overlap. A
CASE block includes all statements between a CASE statement and the next
CASE or CASE ELSE statement, or between the CASE statement and the END
SELECT statement.

Starting with a simple example, let’s say you need only two CASE blocks:

100 select n

110 case 1

120 let x = x**3 + x**2 + x
130 if x > 3.5 then x = 3.5
140 case 2

150 let x = x**2 + x

160 if x > 2.5 then x = 2.5
170 end select

In the above example, because there is no CASE ELSE block, the only valid values
for N are 1 and 2. You would assign N=1 to select CASE 1 or N=2 to select
CASE 2. When processing is completed for either of these cases, control transfers
to the next statement following END SELECT.

If you have a CASE ELSE block in the SELECT block and none of the CASE
constants match the evaluated SELECT expression, the statements included in the
CASE ELSE block are executed. For example:

100 select (c-2)

110 case 1

120 m(1,2) = m(1,2) + x
130 m(2,3) = m(2,3) +y
140 case 2

150 m(1,2) = m(1,2) + x-y
160 m(2,3) = m(2,3) + y-x
170 case else

180 m(1,2) =0

190 m(2,3) =0

200 end select

Any evaluation of (C-2) which does not equal 1 or 2 causes the CASE ELSE
block, statements 170, 180, and 190, to be executed. This would happen if the
value of C was anything other than 3 or 4. If you have not coded a CASE ELSE
block, the select expression must evaluate to exactly match one of the constants
appearing in the CASE clauses, or an exception occurs.

You can supply a range of numbers for the case item:

200 case 8 to 15

This case block is selected whenever the associated SELECT expression value is
between 8 and 15, inclusive.
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SELE
\ CT/CASE Blocks (CASETT )
4 CASE-1 statement(s) executed

(CASE-2 True)
CASE-2 statement(s) executed

SELECT CASE : END SELECT
> condition . >
tested (CASE-n True)

CASE-n statement(s) executed

(No CASE is True)
CASE ELSE statement(s) executed

Figure 14. SELECT/CASE Blocks

You can also qualify the CASE item with a relational operator and/or a list of
items. For example:

300 case <1, 8, > 10

selects this case block when the associated SELECT expression equals 8, or
evaluates to anything less than 1 or greater than 10. This could be done for the
character case as well.

You can also use character expressions in the SELECT expression.

™ Again, there must be a matching character constant in one of the CASE clauses if
j there is no CASE ELSE block.

The example:

100 select month$

110 case "january"

120 days = 31

130 print "january hath"; days
140 case "february"

150 if year$ <> leapyear$ then days = 28 else days =29
160 print "february hath"; days
170 case "march"

180 days = 31

190 print "march hath"; days
200 end select

selects the CASE block whose associated character constant equals the value in the
variable MONTHS.

If you write a similar example for yourself containing cases for all the months of
the year, you would be assured that one of the cases would be selected, provided
MONTHS$ evaluated to the correct spelling.

You might want a CASE ELSE block to process any misspellings that occur.
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Branching

Branching lets you transfer control from one part of a program to another. You
can identify your branch destination with a line number or line label.

You can branch unconditionally, or conditionally. The unconditional branch
always transfers control to the line with the line number or line label specified. The
conditional branch only transfers control to the line number(s) or line label(s)
specified if a condition is true.

Line Labels

A line label is a character string you can enter after a line number and then use to
identify that line in lieu of the line number. Each line number can have only one
line label, and the same line label can appear only once in a program unit. Line
labels may be up to 40 characters long, the first of which must be alphabetic (A
through Z). The remaining characters can be alphabetic, numeric, or the underline
character. In doesn’t matter whether you use upper, lower, or mixed case letters
for your line labels. For example:

100 first_choice: let a = b
Line 100 can now also be identified as FIRST __ CHOICE.

Certain identifiers may not be used as line labels (see ‘“Reserved Word List” in
IBM BASIC Language Reference) for a list of keywords, and your system
administrator for those reserved words specific to your organization.

We strongly encourage you to use meaningful line labels because it significantly
improves the readability of large programs.

GOTO — Unconditional Branch

The GOTO statement always transfers control to the line specified by line number
or line label. For example:

900 goto 310

transfers control to line 310 and

200 goto process_next _item

transfers control to the line with the line label PROCESS__NEXT__ITEM.

GOSUB/RETURN — Unconditional Branch

The GOSUB statement also transfers control to the specified line. However, it also
sets up a return path to the statement immediately following the GOSUB

statement. The program transfers control via this return path when it executes a
RETURN statement. One way, for example, to use GOSUB/RETURN statements
is to invoke a subroutine and return from a subroutine. Subroutines are a
convenient method of segmenting a program.
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You can write a subroutine for each major function of the application and then
\ write a control portion of the program that selects the order of the subroutines
d processed. For example:

10 start: print "l=add,2=subtract,3=multiply,4=divide,5=stop"
20 input "select desired operation":i

25 if i = 5 then stop

30 input "first number":j

40 input "second number":k

50 if i = 1 then gosub add
60 if i. = 2 then gosub sub
70 if i = 3 then gosub mul
80 if i = 4 then gosub div

90 print r: goto start

100 add: Rem add subroutine

110 r=j+k : return

200 sub: Rem subtract subroutine
210 r=j-k : return

300 mul: Rem multiply subroutine
310 r=j*k : return

400 div: Rem divide subroutine
410 r=0

420 if k=0 then return

430 gosub dodiv : return

500 dodiv: r=j/k : return

invokes one of the subroutines or stops, depending on the value of I.

You can call another subroutine from within a subroutine (line 430 above) and you
) can have more than one RETURN statement in a subroutine. The RETURN
\ statement transfers control back to the statement immediately following the
GOSUB, whether on the same line or the next line. The short subroutine of line
500 is really unnecessary but is included to illustrate calling a subroutine from
within a subroutine.

g

Conditional Branching — IF Statement

You can use the IF statement to conditionally transfer to one statement or another
based on the value of an expression. For example:

185 if var < limit then goto less_than_limit
transfers control to the line labeled less__than _limit if VAR is less than LIMIT.

| 235 if a < b then add else subtract

either transfers control to the line labeled add if A is less than B, or transfers
control to the line labeled subtract if A is greater than or equal to B.

490 if procedure$ = "done" then aa
transfers control to the line labeled aa if PROCEDURES$ equals "done".

To conditionally call a subroutine in a simple IF statement, you follow “THEN”’
with a GOSUB and a line number or line label, as follows:

765 if len(J$) = 0 then gosub process null

/ This statement transfers control to the subroutine called process _null if the length
of J$ is equal to zero.
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Remember that any form of transfer to a nonexistent line number or line label
causes an exception.

Conditional Branching — ON GOSUB Statement

Use the ON GOSUB statement to transfer control conditionally to one of several
subroutines, based on a numeric expression. At execution time, the numeric
expression is used to select one of the line numbers and/or line labels in the list
following GOSUB. For example, in this statement:

50 on i gosub alpha, beta, gamma, delta

the value in I is evaluated. If it has a value of 1, control is transferred to the
subroutine alpha. If it has a value of 2, control is transferred to the subroutine
beta, etc. If I has a value of less than 1 or greater than 4, an exception occurs and

the program is immediately terminated (unless you have previously executed an ON
ERROR GOTO statement).

To avoid this exception condition, you can use either the ELSE clause or the
NONE clause. For example:

90 on i gosub alpha, beta, gamma, delta else xyz=xyz+100

If I has a value other than 1, 2, 3, or 4, the variable XYZ is increased by 100.

90 on i gosub alpha, beta, gamma, delta none omega
transfers control to the line labeled omega if I has a value other than 1, 2, 3, or 4.

The ON GOSUB statement sets up a return path to the next statement immediately
following the ON GOSUB statement.

Execution of the RETURN statement causes control to be returned to the
statement immediately following the last active ON GOSUB statement.

Conditional Branching — ON GOTO Statement

78

Use the ON GOTO statement to transfer control conditionally to one of several
lines, based on a numeric expression. At execution time, the numeric expression is
used to select one of the line numbers and/or line labels in the list following
GOTO. For example, in this statement:

50 on i goto alpha, beta, gamma, delta

the value of I is evaluated. If it has a value of 1, control is transferred to the line
labeled alpha. If it has a value of 2, control is transferred to the line labeled beta,
and so forth. If I has a value of less than 1 or greater than 4, an exception occurs

and, if you are not handling exceptions with an ON ERROR GOTO statement, the
program is immediately terminated.
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| To avoid this exception condition, you can use either the ELSE clause or the
v, NONE clause. For example, either:

| 90 on i goto alpha, beta, gamma, delta else goto omega

or.

[ 90 on i goto alpha, beta, gamma, delta none omega
transfers control to the line labeled omega if I has a value other than 1, 2, 3, or 4.

The following example shows the results of an ON GOTO statement.

*1isE
100 input p
110 on p goto first, middle, 1ast none nomore
120 first: print "first and ";
130 middle: print "middle and ";
140 last: print "last ";
150 print "one"
160 nomore: if p > 3 then print "none"

* yun

751
first and middle and last one
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 160.
* run

(1 b
middle and last one
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 160.
* run
N\ 278

) last one :
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 160.
* run

74
none
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 160.

Halting Program Execution

You can halt the execution of your program by using the END, STOP, or PAUSE
statement.

Using the END Statement

Use the END statement to specify the physical end of a main program and to
terminate program execution. END should be the last physical statement in a main
program. (Only subprograms may follow this statement.) When processing
reaches an END statement, all active files are closed by the END statement and
control returns to the operating environment, which will be either the BASIC
environment or, if you are running your program outside the BASIC environment,
the operating system.
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STOP Statement

PAUSE Statement

You may return a value from your program to the operating system when the
program is executed outside the BASIC environment. If this is the case, you can
return a value by coding a numeric expression as part of the END statement. For
example:

9999 end i*2

returns the rounded integer result of the expression I*2 to the operating system.

The value of the expression is ignored by operating systems that do not support this
feature.

The STOP statement has exactly the same effect as an END statement, except that
a STOP statement may appear anywhere in a program. In fact, you can have
STOP statements at several places in your program, that halt execution under the
alternative conditions you choose.

The STOP statement, like the END statement, may contain a numeric expression
that is returned to the operating system. For example:

410 stop A+B

returns the rounded integer result of the sum of A and B to the operating system.

The PAUSE statement causes your program to stop temporarily until you press the
ENTER key or issue a GO command. The PAUSE statement is executed only in
the interactive mode (when you’re running the program at a terminal); if your
program is executing in the batch mode, it is ignored.

You can code a message with each PAUSE statement. For example:

110 pause "THIS IS END OF ROUTINE 4"

prints THIS IS END OF ROUTINE 4 and temporarily stops the execution of your
program at line 110.

If you omit a PAUSE message, the line number of the PAUSE statement is
displayed. For example, if you code:

110 pause

Then, during program execution, the following message is displayed:

PAUSE AT LINE: 110

You can code a PAUSE statement anywhere you want in your program.
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Chaining BASIC Programs

The CHAIN statement allows you to execute separate programs one after the other
automatically. Suppose you have an applications task that is so large it is
cumbersome to run as one program. You can break such a task into several
programs and ‘“‘chain” them together, as shown in Figure 15. Also, you might
have programs to migrate from other BASICs which are set up with CHAIN
programes.

Generally speaking, program chaining is seldom needed with today’s virtual storage
operating systems. Called subprograms (see ‘“‘Defining a Subprogram — SUB and
END SUB Statements” on page 137) are usually used instead of chaining in
modern programes.

The chained-to program is loaded in place of the chained-from program.
Therefore, you reduce virtual storage requirements when you breakup a large
program with CHAIN statements. Data can be passed to a chained program by
storing the data in COMMON variables or by specifying in the CHAIN statement
the variables that are to be passed. For further details, see your IBM BASIC
System Services manual.

PROGRAM A PROGRAM B
CHAIN B —>| CHAIN X ——>| PROGRAM X

Figure 15. Chaining Programs

Starting Chained Program Execution — CHAIN Statement

A typical demonstration of chaining is a set of programs in which one member of
the set is the controlling program and is the member from which the entire process
is operated. You want to control a set of accounting programs, let us say, from one
master menu program which chains each selected program and is itself chained to
by all the other programs. You can easily add another function or delete a function
from such a system merely by adding or deleting a menu item and supplying the
additional program.

A program that reaches a CHAIN statement halts its own operation, transfers the
chained program from auxiliary storage to your workspace, and starts the new
program. The new program may itself chain to any other program, including the
program that chained to it. Thus a master menu program may chain to any one of
the programs on its roster. The selected program performs its function and then
chains back to the master menu program. One of the options in the master
program allows for halting execution entirely. For example:
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100 rem Master Menu Program

110 start: print "1. Transaction entry"

120 print "2. Validate batch"

130 print "3. Post to General Ledger"

140 print "4. Print Financial Reports"

150 print "5. Halt"

160 input "Enter selection number': k

170 on k goto trns,valid,postg,frep,fin none invalid
180 trns: chain “trnsctn"

190 valid: chain "validate"

200 postg: chain "postgl"

210 frep: chain "freport"

220 invalid: print "Invalid selection." : goto start
230 fin: end

This master program executes one of the CHAIN statements at lines 180 through
210 or halts the program based on the input from the user.

The simplest CHAIN statement is followed only by a character expression whose
value is the name of the program to be chained. Lines 180 through 210 above are
examples of simple CHAIN statements. Such statements cause all open files to be
closed when the CHAIN statement is encountered.

If you want all files to remain as they are (opened or closed and at their current
position), use the FILES option as follows:

290 chain "invntry", files

You can also specify that a list of variables or arrays are to be passed to the
chained-to program. The contents of these variables are then available to the
chained-to program. For example:

205 chain b$,files, m,y

specifies that the data in M and Y is to be passed to the program whose name is the
value of B$, when that program is loaded as a result of the CHAIN statement. M
and Y can be arrays or simple variables. All variables in the chained-to program
are cleared on entry, except data in variables specified as above or in COMMON
statements. The same variable or array cannot be specified in both a COMMON
statement and a CHAIN statement. The COMMON statements pass variables
across a chain independently.

Defining Chained Variables — USE Statement

To indicate in the receiving program which variables are to be received, you must
use the USE statement. For example:

320 use m,y

establishes a one-to-one correspondence between the variables named in the
CHAIN statement above and the chained-to program, provided of course, that
these variables are also defined in the chained-to program.

The variables need not be listed in the same order in both the CHAIN and USE
statements, but they must have the same name, type, maximum number of
elements, maximum length, and precision, as appropriate for the type.
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Using the OPTION Statement to Change Options

You can use the OPTION statement to explicitly specify certain options when you
are running or compiling your program. Using this statement in your program
enables you to override default options.

Certain options of the OPTION statement are discussed in different sections of this
manual:

« We have already discussed how this statement can be used to change whether
an array subscript will start at O or 1 by using the BASE option. (See
“Dimensioning — OPTION And DIM Statements™ on page 52.)

« In the section “Controlling Horizontal Spacing” on page 95, we describe how
you can use the PRTZO option of the OPTION statement to alter the width of
your print zone.

« In the section “Controlling Printing of Rounded Decimal Digits” on page 98,
we describe how you can use the RD option to control the number of rounded
digits that are displayed by the PRINT statement.

Some of the other options of the OPTION statement are discussed below.

See IBM BASIC Language Reference for other options you can use on the
OPTIONS statement and for more details.

Printing Precision for Real Data (SPREC | LPREC)

By using SPREC or LPREC in an OPTION statement, you can specify how many
digits of precision will be printed for data by the PRINT statement (without the
USING clause). SPREC specifies single precision real data (6 digits) and LPREC
specifies double precision real data (12 digits).

See “Direct Execution with SPREC or LPREC” on page 191 for a discussion of
using SPREC and LPREC on a RUN command.

The use of SPREC and LPREC also controls whether the default for real data is
real double or real single.

Collating Sequence for Comparing Character Data (COLLATE)

The COLLATE option can be used to determine which collating sequence BASIC
will use for the comparison and conversion of character data. For example, if you
specify:

400 option collate native

it means the collating sequence is Extended Binary Coded Decimal (EBCDIC).
But if you say:

400 option collate standard

it means that the collating sequence is American National Code for Information
Interchange (ASCII).
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Remember that character data is always represented in EBCDIC. COLLATE only

-
affects the comparison of character strings and the ORD and CHRS$ intrinsic :
function results.

Inverting Print Edit Facility (INVP)

Normally when numeric values are printed, the period represents the decimal point

and the comma is used to separate digits. This is known as the U.S. format.

However, in European format it’s just the opposite: the comma represents the

decimal point and the period separates digits. To change from one format to the

other you use the INVP option. For example, if you specify: <

200 option invp on |

you will get the European format; and if you specify

200 option invp off

the format will be U.S. Example: ,

u.s. 123,456.78 |

European 123.456,78 |

|

Levels of Messages (FLAG) i

With this option you can control the level of BASIC messages displayed at the |

terminal. There are 4 levels of messages that BASIC can display at your terminal. ’

The levels in increasing order of severity are: 1

—

Informative Messages

W  Warning Messages

E  Error Messages

S  Severe Error Messages

When you specify one of the above levels in an OPTION FLAG statement, it

means that only messages of levels higher or equal to the indicated level will be
displayed at the terminal. For example if you specify:

100 option flag (s)

only severe error messages will be reported; any informative messages, warning
messages, and nonsevere error messages will not be displayed.

ot n———

Including Comments in Your Program

It will be helpful to you and others looking at your program if you include some :
comments about the purpose of the program, what its environmental requirements
are, and the applicable manuals.
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What to Comment

How to Comment

You should insert blank lines and some type of clear identifying remark at the
beginning of every major segment, subroutine, or subprogram belonging to your
main task. It is helpful to enclose these segment titles in a box of asterisks or use
some other graphic method to emphasize them.

400 rem

410 rem dhkkkkkkkkkkkkhkhkhkkkkkkkkkhkk

420 rem * calculation subroutine *
430 rem e de de e % % gk % g g d g de gk ko ek ok ok ke ok

440 rem

If the title you have given a program segment is not self-explanatory, then make a
few further comments about the program segment and what its role is.

You should give comments for most, if not all, of your variables. The comment
should describe what the variable contains and how it is used. If a variable is used
for many temporary or intermediate results, explain this (it shouldn’t be necessary
to describe it in more detail unless you are using it in a unique way).

You should also make clarifying comments within the body of your source code
whenever you can see that the code itself may be somewhat obscure. This is
particularly true if you are using some complicated mathematical formulas. You
should comment each formula or group of formulas to specify its function.

There is no need to comment every line of code. Just try to make sure that you or
any other programmer will be able to readily understand what the code is doing
several years after it is written.

A comment is a character string which need not be enclosed in quotation marks.

100 rem this is a comment
110 ! this is also a comment

Precede a comment with the word REM or an exclamation mark (!) when it
occupies a line of its own. Whatever follows a REM or ! on the same line is a
comment and is ignored when the program is running. If you branch to a comment
line, the comment is ignored and execution continues with the next line.

Comments may take up a whole line or follow a statement on the same line. When
you follow a statement with a comment on the same line, use the exclamation mark
to tell BASIC where the statement ends and the comment begins. A comment may
follow with any BASIC statement except DATA and IMAGE.

100 let a=0! Initialize variable A

The comment “Initialize variable A’ must be short enough to fit on the same line
as the BASIC statement. It may not continue to the next line, unless you use
REM, or include another exclamation point after the statement on the next line.
For example:
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100 let a=0! initialize
110 rem variable a

or

100 let a=0! initialize
110 ! variable a

No statement may follow a comment on the same line because it would be
considered part of the comment.

Be careful when you are using the continuation symbol (&) with a statement. The
continuation symbol immediately follows the comment, but applies to the
statement, not to the comment. For example:

100 if a <> b and ! test stop condition &
& c=b then stop

The continuation symbol continued the statement. The above line is equivalent to
the following:

100 if a <> b and c=b then stop

Avoiding Common Programming Errors

Generally, programming errors are caused by lack of attention to detail. The
following sections discuss the most common programming errors.

Not Saving Your Program

First, avoid the all too common and disastrous error of not saving your workspace
through the SAVE or STORE command.

This is not a programming error per se, but it is a common enough occurrence to
warrant mentioning it.

You will lose your program in the workspace if BASIC terminates abnormally or
the computer goes down unexpectedly. Even though these occurrences are rare, it
is recommended that you SAVE or STORE your program periodically while it is
being entered or modified.

You will lose the program that you have just entered if you issue the QUIT
command without using the SAVE or STORE command first. The QUIT
command clears your workspace just before it transfers control to the host system.
Therefore, if you have not explicitly saved your program, you have lost it when you
leave BASIC.
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Mechanical Errors

Logical Errors

Mechanical errors generally affect a single statement and do not affect the flow of
your program. Here are some tips you should keep in mind when you are entering
a program or when you are testing it.

Review the word you just typed before continuing with the next. Whatever
you miss after that can usually be found by a careful visual inspection of the
source listings.

Check for the extremes in the expected range of a variable.

Keep a list of all variables and arrays you use so that you won’t inadvertently
reuse the same variable or array when you need to preserve its value. The
LIST command with the XREF clause is useful in maintaining this list.

Be careful to initialize variables; don’t assume you did it somewhere else
without checking that you really did.

Be sure when you delete portions of a program or make line changes, that you
are not destroying a label or a line number that is the destination of a transfer
statement somewhere else in the program.

Remember that statements for array BASE options take effect throughout the
program unit regardless of where they are placed. If you define arrays that
have subscripts including zero and then forget that there is a BASE 1 option in
an OPTION statement somewhere in the program unit, you will get erroneous
results.

For each assignment or input statement, verify that the variable has the correct
size and type.

In particular, don’t initialize more array elements than an array contains. Make
sure that all subscripts are within the bounds of the array’s dimensions.

Check for invalid data references to items of differing types (for example,
integer and decimal). Verify that, if you store data into an integer, the rounded
result isn’t zero, unless this is acceptable.

Provide exception handling routines (ON condition).

Logical errors are the result of mistaken thinking, and often involve the use of
logical operators and the use of decision-making statements. The proper use of
these elements to achieve the desired results requires careful analytical thinking.
Don’t be tempted to go too fast or to be more clever than necessary. The most
elegant programs are those that achieve the desired result in the simplest and most
straightforward manner. These are the programs that probably will work correctly
all the time. Some logical errors are:

Transferring control from outside a DO loop into an intermediate point in a
DO loop. This also pertains to FOR loops, IF blocks, and CASE blocks.
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Attempting to process input records after a file has been opened for output, or
vice versa.

Defining arguments and parameters that do not agree in type and/or length;
for example, integer arguments with decimal parameters or vice versa.

In a subprogram, assigning a new value to a parameter when the value of the
argument is still needed.

Referring to a function with other than the defined number of arguments.

Performing an absolute comparison (that is, a comparison using an absolute
value) with transcendental functions, such as trigonometric or hyperbolic

functions. Such functions use approximation techniques, and therefore all such
comparisons should include a small contingency.

For example, when comparing for the size of 3 radians, a comparison such as
the following is appropriate:

200 if SIN(X)>.14112 and SIN(X)<.14113 then ...

(The precision can be increased or decreased to that which is appropriate for
your program.)

Performing an absolute comparison with real data. Real data is an

approximation to decimal values and therefore may not be exactly equal to
decimal values.
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Performing Input/Output

Application programs manipulate data and may perform calculations on this data.
Often, this data is stored on files external to the program, or you enter it from a
terminal.

Input statements provide your program with this data.

Output statements provide your program with a method of saving or displaying any
data that is the result of its operations.

BASIC has a variety of input/output (I/O) statements. These statements allow
your program the capability of communicating directly with your terminal or with
files.

The cababﬂities of most of the I/O statements are discussed below.

(See IBM BASIC Language Reference for a discussion of all I/O statements.)

Using Program-Defined Data

You can define data within your program that can be used to initialize the values of
various variables. This defined data could also be used by your program when you
are testing it. This is particularly helpful if you are testing subprograms
independently that you will merge with your main program after the subprograms
have been thoroughly tested.

Specifying Program-Defined Data — DATA Statements

Use the nonexecutable DATA statement to store data lists inside your program to
be accessed by the READ statement. You can use this to transfer values to any
variable or array for initialization or for testing.

The values in the data list are accessed sequentially, starting with the first item in
the DATA statement and ending with the last item. The items can be numeric or
character constants (expressions are not allowed). If a character constant contains
leading or trailing spaces or embedded, leading, or trailing commas, or begins with
a number followed by an asterisk, you must enclose the string in quotation marks
or apostrophes.

For example, the items in the following statement:

250 data "john smith ","priscilla alden
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contain trailing spaces, and therefore must be enclosed in apostrophes (') or
quotation marks ().

The DATA statements may be placed anywhere in the program, but it’s good
programming practice to place them consecutively near the beginning of the
program.

If the items in the DATA statement are exhausted before the variables in the
READ statement, the items in the next DATA statement are used for the
remaining variables in the READ statement. If the items in all the DATA
statements are exhausted before all the variables in a READ statement have been

processed, an exception occurs and execution of your program is terminated (unless
you trap the exception).

If you want to use the same value in several variables that are specified in
consecutive order in a READ statement, you can use a replication factor in a
DATA statement. For example:

*list

100 data 4*5,0

110 rem 5 is replicated four times
120 read a,b,c,d,e

130 print "a=";a,"b=";b

140 print "c=";c,"d=";d

150 print "e=";e

160 print "end"

170 end

* run

a= 5 b= 5
c=5 d= 5
e= 0

end

END AT LINE 170.

Reading Program Defined Data — READ Statements

90

Use the READ statement to retrieve values from DATA statements and to assign
them to the variables specified by the item list in the READ statement.

It is important that the data types in the DATA statement be compatible with the
variable types in the READ statement. If they are not compatible, an exception
will occur when the READ statement is processed.

The first time a READ statement is processed, the first value in the first DATA
statement is assigned to the first variable, the second value is assigned to the
second variable, and so forth. This continues until all the items in all the DATA

statements have been used, or until all the variables in the READ statement have
been used. For example:
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Elist

90 ! blackjack

100 data 17,18,20,16,18,18

110 data 18,19,0,0

120 print "blackjack"

130 print "house","player"

140 readab: read a,b

150 if b=0 then goto print_end
160 if a > b then print a,b,"lose"
170 if a < b then print a,b,"win"
180 if a = b then print a,b,"draw"
190 goto readab

200 print_end: print "end of game'

210 end
* RUN

blackjack

house player
17 18 win
20 16 lose
18 18 draw
18 19 win

end of game
END AT LINE 210.

The value of zero read into variable B is used to indicate the end of the list for this
example.

If the READ statement transfers values from the DATA statement to arrays, the
rightmost subscript is transferred first. (That is, if you have a two-dimensional
array, the values are read as follows: all the columns for row one are read first, all
the columns for row two are read next, all the columns for row three are read next,
and so forth). For example:

X 1ist

100 data 5,4,3,9,8,7,2*20,99
110 option base 1

120 dim a(3,3)

130 mat read a

140 print "result"

150 print a(1,1),a(1,2),a(1,3)
160 print a(2,1),a(2,2),a(2,3)
170 print a(3,1),a(3,2),a(3,3)

180 end

* run

result

5 4 3
9 8 7
20 20 99

END AT LINE 180.

You may include in the READ statement the capability of regaining control of the
program if an exception is encountered while the data is being assigned to the
variables. For example:

100 dim a$*5

110 data "this is too long"
120 read a$ soflow 900

transfers control to statement 900, because the character string is longer than 5
characters.
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Reusing Program-Defined Data — RESTORE Statement

You can use the RESTORE statement to cause the next READ statement
processed to start over with the first item in a DATA statement or with a particular
DATA statement. In this way, your program can reuse the same DATA
statements.

RESTORE causes the next READ statement to start over with the first item in the
DATA statement referred to by line number or line label. If no line number or line
label is specified, the RESTORE repositions the file pointer to the first item in the
first DATA statement. If the RESTORE statement specifies a line number or line
label, the DATA statement must be the first and only statement on that line.

For example:

100 data 123

110 data 456

120 data 789

130 more: data abc
140 read a

150 restore 120
160 read b

170 restore

180 read c

190 restore more

A 200 read x$

The value assigned to A will be 123. The value assigned to B will be 789, because
RESTORE 120 in line 150 causes the READ B statement in line 160 to read
DATA 789 in line 120. The value assigned to C will be 123, because the
RESTORE in line 170 repositioned the data file to its beginning. X$ will contain

ABC, since RESTORE MORE in line 190 repositioned the data file to the value
specified in line 130.

Be careful not to create an endless loop when using the RESTORE statement. If
you had used it immediately following statement 140 in the program BLACKJACK
on page 91, an endless loop would have occurred because your program would
reposition the data pointer to the first entry, and A and B would always be set to

17 and 18, which are the first values in the first DATA statement.

A RESTORE statement without a line number or line label is ignored if there are
no DATA statements in the program unit.

Terminal Input/Output

92

The terminal is a convenient way of communicating between you and your
program. When you run your program, it can execute an I/O statement that
requests you to enter data from the terminal. After you have entered this data,
your program can read and verify it. If you have entered any incorrect data, your
program can display the data it doesn’t understand. Your program can also print
the results of any operation on your terminal. Programs that operate this way are
generally called interactive programs.
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Retrieving Formatted Terminal Input — INPUT Statement

Use the INPUT statement to provide values to your program from the terminal.
An item list specifies a list of numeric or character string variables to which the
input values are assigned when this statement is executed. The variables in the list
are separated by commas. For example:

100 input a$, x1, b$, x2

In this example, the program expects a character string, a number, a character
string, and another number. When the program prompts for input, the values
entered must be the same type (character or numeric) as the corresponding variable

in the item list. However, a number may be input to either a character variable or a
numeric variable.

Character strings are normally enclosed with quotation marks. This is not required,
however, if the character string does not:

o Begin or end with a space or a quote
« Contain a comma
« Begin with a number immediately followed by an asterisk

During the operation of your program when the INPUT statement is executed, a
question mark preceded and followed by a space is displayed, and execution is
suspended until the required data is entered. The input values can be entered on a
single line or on multiple lines, but they must be separated by commas. For
example:

100 input a$, x1, b$, x2

The input in response to this could be one of the following:

? able,5,this is the time,199

or

able,
5,
this is the time,
199

) ) )

or

able,5,this is the time,
199

BRI
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After you have entered the value 199, your program variables contain:

p
Variable | Value
A$ able
X1 5
B$ this is the time
X2 199
If you do not want to change the value in a variable when the INPUT statement is
processed, just type consecutive commas. You can also enter a slash at the end of
the line to prevent the values of the remaining variables from being changed.
For example, assume the variables contain the above values and the next time you
process the INPUT statement at 100, you enter:
? baker,,change/
After you have entered this line, your program variables contain:
Variable Value
AS$ baker
X1 5
B$ change
X2 199 V

If you inadvertently enter an incorrect type of value for the variable specified in the
INPUT statement, an exception message is displayed and you are given another
chance to enter the data starting with the first item in the INPUT statement.

Retrieving Unformatted Terminal Input — LINE INPUT Statement

Use the LINE INPUT statement to transmit unformatted character strings from the
terminal to the character variables specified in an item list. Each variable in the list
is assigned an entire line of input.

You can also spell this statement LINPUT.

Using the LINE INPUT statement, you can include commas, spaces, apostrophes,
and quotation marks in the character strings. For example:

initialize

150 1ine input c$,ds$,e$

run

JOHN, PAUL & MARY

JOHN SMITH, JR

ALEX'S HOBBY SHOP
D OF MAIN PROGRAM ENCOUNTERED AFTER LINE 150.

ESIEURES IS B B

E
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Using PROMPT Messages

You can replace the question marks on input lines with more meaningful messages.
To do this, you enter the message you want printed immediately preceding the item
list in the INPUT, LINE INPUT, or LINPUT statements. You must enclose the
message in quotation marks and follow it with a colon. When the statement is
executed, the message (character string) is displayed instead of the question mark,
and the requested information is entered on the same line. For example :

* st

100 input "NAME ":a$

110 Tinput "STREET ADDRESS ":b$
120 1input "CITY,STATE,ZIP ":c$
130 end

* RUN

NAME JOAN JONES

STREET ADDRESS 123 VIA DE LAPAZ
CITY,STATE,ZIP SAN JOSE,CA,92107
END AT LINE 130.

If you want to use a character expression (for example, a character variable)
instead of a character string, you enter the keyword PROMPT, followed by the
character expression and a colon, immediately preceding the item list in the
INPUT, LINE INPUT, or LINPUT statement. When the statement is executed,
the value of the character expression is printed on the screen instead of the
question mark, and the requested information is entered on the same line. For
example :

Xilist

100 e$="MARRIED NAME "

110 Tinput prompt e$:a$

120 print a$

130 end

* RUN

MARRIED NAME JOAN JONES SMYTHE
JOAN JONES SMYTHE

END AT LINE 130.

Displaying Items at the Terminal — PRINT Statement

Use the PRINT statement to display a single item or a list of items at the terminal.
The items may be character constants (messages enclosed in quotation marks),
numeric constants, variables, or expressions (numeric or character).

In the PRINT statement, you can separate the items by commas or semicolons.

Controlling Horizontal Spacing: If you use commas to separate two items, the next
item is printed in the next print zone.

A print zone is defined as the number of print positions allocated for printing an
item. The default print zone size is 20 characters, and the number of print zones
on a line depends on the output device and the margin settings. You can override
the default print zone size of 20 by using the OPTION statement with the PRTZO
option (see examples below).

The PRINT statement, using a print zone of 20 characters and four zones on a line,
gives the following results:
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* list

100 let a,b,
110 let e,f
120 print a,
130 end

* RUN

123 123 123 123
456 456

END AT LINE 130.

c,d = 123
= 456
b,c,d,e,f

Variables E and F are printed on the next line, because variable D was printed in
the last print zone on line one.

If you are printing a character string that is longer than a print zone, it will extend
into the next print zone(s). For example, using a print zone of 15 characters gives
the following results:

* list

100 option prtzo 15

110 print "this is longer than one zone","zone 3"
120 end

* RUN

this is longer than one zone zone 3
END AT LINE 120.

If you are printing a character string that extends beyond the end of a line, the
characters are printed on the next line starting in column 1. Here is an example,
using a print zone of 20 characters:

* Jist

100 print,,, "this is longer than one zone"
110 end

* RUN

this is longer than one zone
END AT LINE 110.

Each time you specify a comma in the PRINT statement item list, the next print

zone is selected. For example , using a print zone of 15 characters, you get the
following:

* 14st

100 option prtzo 15

110 print "zone 1",,"zone 3"

120 end

* RUN

zone 1 zone 3
END AT LINE 120.

If you use a semicolon, it overrides the next print zone selection. Therefore, the
next item is printed where the last one stopped. Numeric items are always printed
with a leading space if they are positive (a minus sign for negative values), and one
trailing space (this space is omitted if no items follow on the line). For example:
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* 1ist

100 let a = 5
110 print "a=";a
120 end

*
run
a= 5
END AT LINE 120.

If you had used a comma instead of the semicolon, the line would print as follows,
using a print zone of 15 characters:

a= 5

You can also control horizontal spacing by including the keyword TAB in the item
list. TAB(X) allows you to specify the column number where the next item in the
list is to be printed. X must be a positive numeric constant, variable, or expression.

For example:
* 1ist
100 let a
110 let b = 3
120 print tab(5);"tab to 5";tab(a*b);"tab to 21"
130 end
* RUN

tab to 5 tab to 21
END AT LINE 130.

If the value you specify in a TAB clause is less than the print column already
reached on the current line, the item following the TAB clause is printed on the
next line. For example:

*

list
100 print tab(5);"56789ab";tab(8);"next 1ine"

110 end
* RUN
56789ab
next line

END AT LINE 110.

Ordinarily, it is not a good practice to use commas as separators with PRINT
statements that also contain TAB clauses. The output may not be what you expect.
For example (using a print zone of 20 characters):

* Tist
100 print tab (10),"col121" 1co121 because of comma
110 print tab(10);"co110" !semicolon
120 print -123,tab(10); "next line"
130 end
* run
col2l

col10
-123

next line

END AT LINE 130.

The comma in line 100 forces the character string “‘col21”’ to print in the next
zone, which is column 21. In line 120, the comma after -123 causes a skip to the
next zone. Then, since TAB column 10 is in a lower zone, the value “next line” is
printed in column 10 of the next line.
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If you set margins with the MARGIN statement, the values you specify in the TAB
clauses are relative to these margins.

For example, if the left margin is set to column 11 and the value of the TAB clause
is 5, the item is printed in column 15, which is the fifth column relative to column
11 (column 11, 12, 13, 14, 15).

xSt
100 margin left 1
110 print "12345678901234567890"
120 margin left 11 right 60
130 print tab(5);"co115"
* RUN
12345678901234567890
coll5
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 130.

Controlling Pages: To eject to a new page, include the keyword NEWPAGE in the
item list. NEWPAGE ejects to top of form, if the output channel is a hard-copy
terminal.

NEWPAGE clears the screen for a display terminal. In this case, the keyword
should precede all items that are to be printed, since the statement

100 print a,b,newpage,c

would result in only the value C being displayed on a display terminal. On a

hard-copy terminal, A and B would be printed on one page, and C would be
printed at the top of the next page.

Controlling Printing of Rounded Decimal Digifs: You can control the number of
rounded decimal digits that are displayed when the Print statement is executed.
You do it by using the RD option of the OPTION statement. For example, if you
specify RD 03, a value of 4.5678 is printed as 4.568, and if RD 05 is specified,
4.5678 is printed as 4.56780.

Reading and Writing Selected Fields

98

You can format a terminal screen with information appearing in specific columns

and rows on the screen. You can then request data to be entered so that it appears
within this predefined format.

You might use this BASIC feature to display a form which would then be filled in,
much as you would fill out a printed form.

The statements that let you do this are PRINT FIELDS and INPUT FIELDS. In
both of these statements, you can specify:

1. A field definition for each field to be processed, specifying:
a. The row and column where each field is to begin
b. The form of the input or output data

c. Display attributes for the field; that is, whether the field should be
highlighted (display attribute H), should display at normal intensity
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(display attribute N), or not be displayed at all (display attribute I, for
invisible)

d. Control attributes for the field, which can request automatic field
advancing (control attribute A) or initial cursor positioning (control
attribute C)

2. The input or output list that identifies the data to be transferred

The following example demonstrates how to display two fields and read two fields
using the PRINT FIELDS and the INPUT FIELDS statements.

100 option base 1

110 dim a$(2), b$(2), id$*15, pswd$*12

120 data "1,1,c9,h", "2,1,c9,h"

130 mat read a$

140 data "1,11,c15,nac,n", "2,11,c12,i,n"

150 mat read b$

160 print newpage

170 print fields mat a$: "enter id", "password"
180 input fields mat b$: id$, pswd$

This series of statements is processed as follows:

1. Statements 100 through 150 set up two arrays of field definitions, A$ and B$,
each with two elements.

2. The PRINT NEWPAGE statement clears the screen.

(If you don’t do this, you can get line-by-line data intermixed with the
full-screen data you want to process.)

3. The PRINT FIELDS statement displays:

a. enter id in row 1 of the screen, beginning at column 1 (from the first field
definition in array A$), followed by a space (from the C9 specification).

Because the display attribute is H, the characters are highlighted. We
specified nine spaces (C9), even though ENTER ID requires only eight,
because we wanted 2 spaces between ID and the cursor (see below).

b. password in row 2 of the screen, beginning at column 1 (from the second
field definition in array A$), followed by a space (from the C9
specification).

Because the display attribute is H, the characters are highlighted.

The screen now shows the following:

enter id
password

4. The INPUT FIELDS statement executes as follows:
a. The cursor has been positioned at screen row 1, column 11 (from the first

field definition in array B$), as the program waits for you to enter up to 15
characters of data.
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When you enter the data, it is displayed on the screen at normal intensity
because N was specified as the display attribute.

If you enter 15 characters of data, the cursor automatically advances to the
next field (A is specified as a leading control attribute).

If you enter fewer than 15 characters of data, you can position the cursor

to the beginning of the next field, using the cursor positioning keys (such
as the “next field” key).

b. When the cursor is positioned at screen row 2 column 11 (from the second

field definition in array B$), the program waits for you to enter up to 12
characters of data.

When you enter the data, it is not displayed on the screen because I was
specified as the display attribute.

c. When you press the enter key:

1) Up to 15 characters of data contained in screen row 1 beginning at
column 11 are transferred to the character variable ID$.

2) Up to 12 characters of data contained in screen row 2 beginning at
column 11 are transferred to the character variable PSWDS$.

For example, if you entered TWILIGHT as your user id and ZONE as your
password, the screen would show the following:

enter id TWILIGHT
password

Requesting Formatted Output — IMAGE and FORM Statements

When you want to format your output — for example, for terminal screen display

or for a printed report — use the IMAGE or FORM statement, together with the
PRINT USING statement.

Both the IMAGE and FORM statements provide a method of showing the

positioning of fields on a line and of specifying the kind of editing that should be
performed upon the fields within the line.

You can use the IMAGE statement with PRINT statements and with PRINT File
statements.

With IMAGE, you can lay out all the fields on one line, exactly as they will be
produced by the program.

The FORM statement is more flexible; you can use it with both input and output
statements: PRINT, READ, REREAD, WRITE, and REWRITE. FORM is more

useful when you want to skip a page in the middle of a line, when you want a line
longer than your screen is wide, etc.
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In both IMAGE statements and FORM statements, you can specify character
strings that will be printed exactly as you specify. For example:

100 image:enter a 2-digit number

or

110 form "enter a 2-digit number"

then, when you use either of these specifications to display the line, you’ll get the
following actual display:

enter a 2-digit number

In both IMAGE statements and PIC conversion specifications within FORM
statements, you can use specification characters to display numeric items in the
format you want.

Some of the specification characters for each statement are different, some are the
same; results are similar but not completely identical.

Specification Characters: Some of the most-used specification characters for these
statements are shown in Figure 16.

Specification Usage

Character
# Specifies position of each digit in a numeric field
Z Specifies a digit position in a numeric field that is

printed only if the digit is a significant digit (FORM
statement only)

Specifies position of an actual decimal point in a
numeric field

Specifies position of a comma in a numeric field

* Specifies a digit position in a numeric field that is
filled with an asterisk (*) if the digit is a
nonsignificant zero

$ Specifies a dollar sign in a numeric field. A series of

$ specifiers at the beginning of the field represents a

floating $ character

iL Specifies for numeric data that a sign will be printed

= Specifies for numeric data that, if the value is
negative, a sign will be printed

Figure 16. IMAGE and FORM Statements — Most-Used Specification Characters
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When you want to show the position of each digit in a numeric field, you can
specify the # specification character. For example:

980 image:###
990 form pic(###)

During execution, when the field is displayed, you’ll get:

Output Data Displayed IMAGE Output  Displayed FORM Output

0001 1 001
0012 12 012
0123 123 123

Note that the IMAGE statement suppresses leading zeros when the specification
character (#) is used, whereas the FORM statement does not. To suppress leading
zeros in a FORM statement, you use the Z specification character, as follows:

300 form pic(zzz)

During execution, when the field is displayed, you’ll get:

Output Data Displayed FORM Output
0001 1
0012 12
0123 123

If you want to use a decimal point with a numeric field, you can specify the decimal
point specification character. For example:

200 image:###.##
240 form pic(##4#.##)

During execution, when the field is displayed, you’ll get:

Output Data Displayed IMAGE Output Displayed FORM Output

123.45 123.45 123.45
12.345 12.35 012.35
234.5 234.50 234.50

(Notice that the displayed field is justified on the decimal point.)

If you want to use the comma within a numeric field, you can specify the comma
specification character. For example:

100 image:##,###
110 form pic(##,###)

During execution, when the field is displayed, you’ll get:
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Output Data Displayed IMAGE Output Displayed FORM Output

0003 3 00,003
0100 100 00,100
9875 9,875 09,875

If you want to use the asterisk to replace leading zeros within a numeric field, you
can specify the asterisk specification character. For example:

300 image:****
310 form pic(***#)

During execution, when the field is displayed, you’ll get:

Output Data  Displayed IMAGE Output Displayed FORM Output

0003 Xikg Apxs
0100 *100 *100
5000 5000 5000

If you want to use the dollar sign within a numeric field, you can specify the dollar
sign specification character. For example:

425 image:$$$#
450 form pic($$$$)

During execution, when the field is displayed, you’ll get:

Output Data  Displayed IMAGE Output Displayed FORM Output

0012 $12 $12
0800 $800 $800
0003 $3 $3

Character strings may also be displayed using numeric specifiers. For example, if
you have the statement

200 image:#####

and the character string WRONG, you will get
WRONG

printed in your field.

The specification character conversions in IMAGE and FORM are not exactly the
same, as some of the previous examples show. See IBM BASIC Language
Reference for the exact specification characters and positioning control for IMAGE
and FORM statements.
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Printing Formatted Output — PRINT USING Statement

Use the PRINT USING statement to print the data in the item list in the exact
format specified in the IMAGE or FORM statement. For example:

120 print using xyz : A,B,C

180 xyz: image: *¥¥* #F  $ees# . #HF  $S$H.HH

In the PRINT USING statement, the 180 specifies the line label of the IMAGE
statement that specifies the format to be used in printing items A, B, and C.

You may use this form of PRINT if you want to print something requiring a special
format, such as a check or a financial report.

The following examples demonstrate some of the capabilities of the IMAGE
statement or the FORM statement referred to by the PRINT USING statement. If
the low order data is longer than the image, the data is rounded when printed.

Dlist

100 abc: image :##.##

110 input x

120 print using abc : X

* RUN

? 10.107
10.11
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 120.

Note that the number was rounded to two decimal places.

Spaces in the conversion specification are included in the print line. For example:

st
100 imx: image : $$#F FINRRIX gy SHEEE # A 4 HH
110 print using imx : 8,100,20,1785.59
* RUN
$ 8 ****100.00 $ 20 1,785.59
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 110.

You may also use the IMAGE conversion specification to print character strings.
These are used only for position information, not conversion of character strings.

* Tist
100 abc: image : ####
110 def: image : >####
120 ghi: image : <####

130 jk1: image : >$$$$###
140 print using abc : "abc"
150 print using def : "def"
160 print using ghi : "ghi"
170 print using jk1 : "jk1"
* run

abc

def
ghi
iK1
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 170.
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N Notice that the keyword IMAGE is optional.

The following program demonstrates one possible use of the PRINT USING
statement.

, *ist
090 decimal p
100 jk1: image :§$*** *** *** 44 dollars
110 input "first name:":a$
120 input "middle initial:":b$
130 input "last name :":c$
140 input "amount due:":p
150 print "pay to the order of ";a$;" ";b$;". ";c$
160 print using jkl : p
* run
first name: john
middle initial: p
last name : jones
amount due: 1798.50
pay to the order of john p. jones
gx***xx] '798.50 dollars
END OF MAIN PROGRAM ENCOUNTERED AFTER LINE 160.

If you want to use the FORM statement rather than the IMAGE statement, you
can change statement 100 to:

100 form pic(g§*** *** **x* 44)." dollars"

Handling Exceptions — INPUT and PRINT

| You can handle exceptions during input or printing with the exception handling
facilities (see “Handling Exceptions” on page 129), or you can handle them with
the EXIT, CONV, or SOFLOW clauses in the INPUT, LINE INPUT (LINPUT),

| or PRINT statements themselves. (CONV and SOFLOW are exception conditions
that occur when the data is erroneous). For more information on CONV and
SOFLOW, see “Exception Recovery’” on page 123. For example:

| * 1ist

100 dim a$*3

110 start: input x,a$ conv numb, soflow toolong
120 stop

130 numb: print "must be number"

140 goto start

150 toolong: print "string too long"
160 goto start

* RUN

? abc,100
must be number

? 100,abcdef

string too long

? 100,a

STOP AT LINE 120.

The first value input, ABC, is not a number; therefore, the exception handling
routine at 130 is executed. The second time data is entered, the string ABCDEEF is
too long; therefore, the exception routine at 150 is executed.

B You can use an EXIT clause in the statements, instead of CONV and SOFLOW:
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100 dim a$*3

110 start: input x,a$ exit this

120 stop

125 this: exit conv numb, soflow toolong
130 numb: print "must be number"

140 goto start

150 toolong: print "string too long"

160 goto start

and, with the same input, you will get the same results as before.

Setting Page Margins — MARGIN Statement

To set the left, right, top, and bottom margins of a page for output, use the

MARGIN statement. Use the keywords LEFT, RIGHT, TOP, and BOTTOM to
establish the settings.

Follow each keyword with a numeric expression; the value in the expression is
rounded to a positive integer:

« LEFT n specifies the leftmost column position.

« RIGHT n specifies the rightmost column position.

« TOP n specifies where the first line of a page is printed.

« BOTTOM n specifies where the last line of a page is printed.

To specify all four margins for a page, you can enter:

100 margin top 5 left 10 right 100 bottom 55

In this example, the page margins would be: top margin is at line 5, left margin is at

10, right margin is at 100, bottom margin is at 55, and there are to be 51 lines on
the page.

You can set margins for files and for terminals. When you set the margins for files,
you specify the file reference number immediately after the keyword MARGIN.

(This value is a numeric expression in the range from 0 to 255 preceded by a “#”
character.) For example:

100 margin #3 top 5 left 10 right 100 bottom 55

If you do not specify a file number (or specify 0 as the file reference number), the
margin statement applies to your terminal.

When the MARGIN statement is executed, the settings specified take immediate

effect and remain in effect until changed by the execution of a MARGIN
statement.
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Using Files

Files provide you with a method of saving and retrieving data for long periods of
time. In BASIC, files are activated and defined with the OPEN statement. This
section describes the OPEN statement and how to use sequential, relative, keyed,
and stream files. If you want to print a report that was prepared using BASIC, see
“Accessing Display Sequential Files” on page 110. If you want to read data that is
already there, see “Accessing Native Sequential Files” on page 109.

BASIC supports record files and stream files. Record files are a collection of
records containing related data; each record is a collection of related fields. Record
files can be sequential, relative, or keyed.

A stream file is a continuous stream of data, such as textual data, in which each
field may be unrelated to any other field.

The sequence of operations for all files is:

e« OPEN—activates the file.

« Operate on the file using the appropriate input/output statements.

o« CLOSE—deactivate the file.

If you attempt to open a file that is already open, or to close a file that is already
closed, you’ll get an exception. Also, if you attempt any input/output before your

program executes an OPEN statement, you’ll get an exception. (Exceptions are
discussed in more detail in the section ‘“Exception Recovery’”” on page 123.)

Opening and Closing Files

Before you can use a file, you must activate or open it with an OPEN statement.
You can open files for input (INPUT), output (OUTPUT), or for both input and
output (OUTIN). For example:

100 open #3:name "empl", outin, internal, sequential

opens the sequential file named EMPL as file reference number 3 for both input
and output processing.

In an OPEN statement for a file, you must specify
« A file reference number — which identifies the file within the program

« A file specification — which identifies the file to the system. See your IBM
BASIC System Services manual for details on file specifications.

In addition, the following file attributes may be specified:
« The file access mode — input, output, or input/output

« The file type — display, internal, or native

Performing Input/Output 107



« The file organization — sequential, relative, keyed, or stream

« The file pointer — begin or append/end

o The file record type — variable or fixed

(All the attributes above are defined and explained in the following sections.)

Note that a default is supplied if a file attribute is not specified. See IBM BASIC
Language Reference for the defaults. Also, certain combinations of file attributes
may not be allowed under some host operating systems or with some file access
methods. See your IBM BASIC System Services manual for details.

Your program can deactivate or close a file by executing an END, STOP, CHAIN,
or CLOSE statement. For example:

100 close #3:
100 end
100 stop

If you want to switch an input file to an output file (or vice versa) and continue
operation of the same program, you must explicitly deactivate the file by using the
CLOSE statement before reopening it. If you attempt to read an output file or
write an input file, you’ll get an exception.

The CLOSE statement deactivates the file; any subsequent OPEN statement
reactivates the file and may also reposition it.

Record Files

Record files contain fields that are grouped together in records. An example of a
record is all the data about a single employee. The file would contain records for
all the employees in an organization.

Each record in a file may be of fixed- or variable-length. If every record is the
same length, you use the keyword FIXED in the OPEN statement. Use the
keyword VARIABLE if records have different lengths.

You would choose VARIABLE on your employee file if you were carrying hours
worked for each job. Because employees can be assigned to a varying number of
jobs, the data you’re recording for each employee would vary.

A record file can have one of three types of organization based on the arrangement
of the records within the file: sequential, relative, or keyed.

Using Sequential Files

Sequential files are organized serially. The position of a record depends upon the
order in which you wrote it. The first record you write occupies the first record
position in the file, the second record occupies the second position, and so forth.
You can only read these records in the order in which you wrote them
(sequentially). You would have to start from the beginning of the file and read
records 1, 2, 3, 4, and 5 before you retrieved the data in the 6th record.
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Typically, you should use a sequential file organization only if you plan to access all
the records in a file. You might select this file organization for a transaction file in
which you are recording all the transactions that occurred over a specific period of
time. You could then produce reports in various sort sequences. You would
probably never need to retrieve only one particular transaction.

Sequential files may have display, internal, or native format. The only differences
between these three formats is the way in which the data is carried in the fields in
each record and the I/O statements that you use. (See Figure 19 on page 121 for
the I/O statements that you can use with each.)

Accessing Internal Sequential Files

| The fields in the record are in BASIC internal format and may contain a series of
numeric and string values, with each value preceded by an identification that
describes the type and length of the value that follows.

The following example writes the number of years, principal, and interest as
records in a sequential file with internal format:

100 integer yr,years : decimal intr,prin,rate
110 open #3: name "interest",output,internal,sequential, begin
120 input "principal,rate,years": prin,rate,yr
130 for years =1 to yr
140 intr = prin*rate: prin=prin+intr
150 write #3: years,prin,intr
160 next years
— 170 close #3:
\ 180 end

The WRITE statement at line 150 causes the variables YEARS, PRIN, and INTR
to be written as a record to file #3.

If you want to write the file with new data (for example, you want to calculate the
data based on a different interest rate), you can do this by merely running the
program again. The OPEN statement deletes the previous data because it is an
OUTPUT file with pointer BEGIN.

Accessing Native Sequential Files

Sequential files with native format are formatted to conform to the associated
FORM statement.

To write the previous interest example as a sequential file with native format, you
would change statements 110 and 150, and add a FORM statement (line 180) that
describes the format of each field in the record.

100 integer yr,years : decimal intr,prin,rate

110 open #3: name "interest",output,native,sequential
120 input "principal,rate,years": prin,rate,yr

130 for years =1 to yr

140 intr = prin*rate: prin=printintr

150 write #3,using 180: years,prin,intr

160 next years

170 close #3:

Y 180 form ni, pd 8.2, nd

190 end
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The FORM statement causes YEARS to be written to the first field in the BASIC
internal integer format, PRIN to be written to the second field in packed decimal
format with two fractional digits, and INT to be written to the third field in the
BASIC internal floating decimal format.

Assuming you entered 10000, 0.05, and 4 as input values, the records would
contain:

1 10,500.00 500.00
2 11,025.00 525.00
3 11,576.25 551.25
4 12,155.06 578.81

in the format described above.

The next time you access this file for either input or output, you should use the
same FORM statement.

If you want to add more records to this file (for example, you want to calculate the
data based on a different interest rate), you can do this by merely running the
program again. The OPEN statement positions the file at its end, because it is an
OUTPUT file. The additional records are entered at the end of the file.

Accessing Display Sequential Files

Display files have a format similar to the format used for printing at your terminal
or on a printer.

You can use display files if you want to transfer data to a printer or to another
system.

Display files can be used to prepare and print reports. Here, for example, are two
programs: the first (DISPLAY1) creates a report as a display file:

* Joad displayl

SN st

100 rem DISPLAY1:

110 rem BASIC program to write a display file
120 integer i

130 open #2: "displ", display, output, begin
140 for i=1 to 10

150 print #2: " This is number "; i; "of 10"
160 next i

170 stop

180 end

* run

STOP AT LINE 170.

The second program (DISPLAY?2) prints the report on your screen:
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: load display2

1
100
110
120
130

ist
rem DISPLAYZ:

rem BASIC program to print a display file
dim 1ine$*80
! Can use file DISP1 which was written by DISPLAY1

140 input "Enter the name of the file:" : name$
150 open #2: name$, display, input
160 do

170 1linput #2: line$ eof stp

180 print line$

190 loop

200 stp: print " End of input file"
210 end

* run

Enter the name of the file: displ
This is number 1 of 10

This is number 2 of 10

This is number 3 of 10

This is number 4 of 10

This is number 5 of 10

This is number 6 of 10

This is number 7 of 10

This is number 8 of 10

This is number 9 of 10

This is number 10 of 10

En
END

The following example reads the data from the internal sequential file created

d of input file
AT LINE 210.

above (see “Accessing Internal Sequential Files” on page 109) and writes the data
both to your terminal and to a display file.

¥
85 d
90 d
100
110
120
130
140
150
160
170
180

250
X
year

1
2
3
4
end
END

ist

ecimal

im chr1$*40

open #3: name "interest",input, sequential,begin,internal
open #4: name "disp",output,display,sequential

chrl$ = "years amount interest"

print #4: chrl$ IWrites heading to file

print chrl$ !Prints heading on your terminal
read #3: yrs,summ,intr eof 200

print #4,using 190: yrs,summ,intr

print using 190: yrs,summ,intr

goto 150

form pic(zzzz),pos 13,pic($$$,$8#.#) , &
pos 30,pic($zz,###.##)

ed$ = "end of calculation"

print #4: ed$

print ed$

close #3:

close #4:

end

un

S amount interest
$10,500.0 $ 500.00
$11,025.0 $ 525.00
$11,576.3 $ 551.25
$12,155.1 $ 578.81

of calculation

AT LINE 250.
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SEQUENTIAL in the OPEN statement at line 110 is redundant, as DISPLAY files
may only have this organization; BEGIN at statement line 100 is also redundant, as
INPUT positions the file to the beginning by default.

Positioning a Sequential File

The OPEN or RESET (RESTORE) statement allows you to position a file at its
beginning or end by using the keyword BEGIN or END. The OPEN statement
automatically positions a file to its beginning if you open it for input and to its end
if you open it for output if positioning is not specified.

A way to write a program so that you can use it to both create a new file and add
records is:

40 input "NEW/ADD": inp$
50 if uprc$(inp$) <> "ADD" then

60 open #3: name "interest",output,display,sequential,begin
70 else

100 open #3: name "interest",output,display,sequential
110 end if

190 end

If you enter the word ADD, the program opens the file at the end of all the records.
If you enter the word NEW (or any word except ADD), it opens the file at the
beginning of the file. Then the next time you write to the file, you will start at the
beginning, as though it were a new file.

Another way to do this is to use the SCRATCH statement, as follows:

40 input "NEW/ADD": inp$
50 open #3: name "interest",output,display,sequential
60 if uprc$(inp$) <> "ADD" then scratch #3

190 end

In the example above, line 60 sets up the file so that the next operation works on
the beginning of the file. Instead of two OPEN statements, this example uses

SCRATCH for the case when the file is overwritten. (Note: SCRATCH erases the
file.)

Using Relative Files

Relative files are record files in which record numbers determine their position in
the file. Regardless of the order in which you create the records, they are stored
according to the record number used in the write statement. For example, if you
create records in the following order: record 2, record 1, record 9, record 4, record
10, the records are stored in the file as shown in Figure 17 on page 113.

The fields in each record of a relative file must have a NATIVE format, which

means that you use a FORM statement whenever you are accessing them. You
must write to a file with the record number (directly). You can read from a relative
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Accessing Relative Files

reserved for reserved
Record 3 for Record 5

by
%

reserved for Records
6,7,and 8

Figure 17. Relative Files — Record Sequence

file either sequentially or directly. When you read a relative file sequentially,
“empty” or “null” records are skipped over.

You might use this organization for an error message file in which the error
messages are numbered consecutively and you want to retrieve a message by
number. You could retrieve the record with one access based on the error number
(that is, record number). However, if there are large gaps in the numbering
sequence, you probably shouldn’t select this organization as space is allocated for
all the missing numbers.

When you open a relative file, you use the keyword RELATIVE in your OPEN
statement. To access a record in a relative file, you include the keyword RECORD
(REC) with the associated record number in the input/output statement. (See
Figure 19 on page 121 for the I/O statements you can use with relative files.)

The following program creates a message file whose error number corresponds to

the record number. BEGIN causes any previous file with the same name to be
scratched first and gives you an empty file to work with.
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* Jist

80 decimal

90 dim nm$*8, text$*80

100 input "file name:":nm$
110 open #4: nm$,output,native,relative,begin
115 do

120 input "error no:" : er
130 exit if er=0

140 linput "text:" : text$
150 write #4, using 170, rec=er:er,text$
160 loop

170 form nc5,c 80

180 close #4:

190 end

* RUN

file name: ermsg

error no: 1

text: incorrect format

error no: 4

text: record not on file
error no: 5

text: string too long

error no: 2

text: pgm loop

error no: 0

END AT LINE 190.

If you wanted to retrieve and display any error message by number from the
relative message file, you could use the following program:

i~ ast
90 dim nm$*8, text$*80
100 input "file name":nm$
110 open #4: nm$,input,relative,native
120 do
130 input "error no:":er
140 exit if er=0
150 read #4,using forml, rec=er:er,text$ norec prntno
160 if er <> 0 then print using form2 : er,text$
170 loop
180 close #4:
190 stop
200 prntno: print using form3 :er
210 er=0
220 continue
230 forml: form nc5, c 80
240 form2: form pic(zzzz#),x 1,c 80
250 form3: form "record",pic(zzzz)," not on file"
260 end
* RUN
file name ermsg
error no: 5
5 string too long

error no: 3

record 3 not on file
error no: 0

STOP AT LINE 190.

During execution, the program retrieves error message number 5 and prints “5

string too long”. When you request error number 3, there isn’t any corresponding
record, so the message “‘record 3 not on file” is printed.
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Updating a Relative Record

If you want to change the contents of an error message in your relative file instead
of just displaying the error messages, you can do this by changing the OPEN
statement at line 110 to OUTIN and by making the following changes in the above

162 linput "text:":text$
165 rewrite #4, using forml:er, text$

The statement at line 162 allows you to enter a new error message, and the
REWRITE statement at line 165 updates the record in the buffer. The record is
read into the buffer at statement 150.

You may read a relative file sequentially. The following program shows you how to
read a relative file this way:

100 dim nm$*8, text$*80

110 open #4:"ermsg", input, relative, begin, native
120 goread: read #4, using al:er, text$ eof endl
130 al:form nc5, c 80

éOO goto goread

300 endl:end

The OPEN statement at line 110 positions the file to the first record, because it is
INPUT. The READ statement at line 120 reads the file records sequentially,
because it does not use the keyword RECORD or REC.

When you read a relative file sequentially, the records are read in ordered
sequence. Empty or null records are skipped.

\
example:
Reading Relative Files Sequentially
-
Positioning Relative Files
I

When you are accessing files sequentially, you can position relative files at the
beginning of the file with the BEGIN clause on an OPEN or RESET statement.
You can also position a relative file to a specific record number by using the
RECORD or REC clause in the RESET statement. For example:

500 reset #8, record=20:norec 1000

positions the file to record number 20. If no such record exists, the program
transfers to statement 1000.

If you open the file for OUTPUT with BEGIN, the file will be scratched first. If
you do not want the file to be scratched, do not specify a pointer clause when
opening for OUTPUT. If positioning is not specified for an INPUT or OUTIN
relative file, the OPEN statement automatically positions a file to its beginning.
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Using Keyed Files

Keyed files are organized by the key of each record. The key for each record is a
string of characters contained at a specific location within the record. The location

and length of the key are the same for all records in the file, but the values must be
different.

Keyed files must have NATIVE format, which means that you use a FORM
statement whenever you are accessing them.

You can access any record directly by using the record key, or you can access all of
them sequentially (that is, in the order in which the keys collate). For example, if
the record key is EMPNO, and you place the records into the file in the following

order: EMPNO=5001, EMPNO=3246, EMPNO=4666, the records are ordered
as shown in Figure 18.

KEY EMPNO = 5001
KEY EMPNO = 3246
KEY EMPNO = L4666

Figure 18. Keyed Files — Record Sequence

A keyed file lends itself to any data from which you want to retrieve a record based
on some known piece of information. For example, in an employee file, you could
key the file on employee number. If you then wanted to display the data about that
employee, you could retrieve that record with one access based on the employee
number. You might want to key the information on employee name, but this could
present a problem, as the name might not be unique (for example, John Smith).

Keyed files can only be used under VSAM (Virtual Storage Access Method).
Further, the attributes of your keyed file must be specified to the host system
before you invoke BASIC to execute your program. See “Using VSAM” on
page 125 for a discussion of VSAM, or see your IBM BASIC System Services
manual for a complete description of the way in which you define VSAM files.

Accessing Keyed Files

When you open a keyed file, you use the keyword KEYED. (See Figure 19 on
page 121 for the I/O statements that you can use with keyed files.)

The following program can be used to create a keyed file named EMPLOYEE.
The records are keyed on employee number, which is a character field in positions

1 to 5 in each record. The program is designed to recognize an employee number
of "last" as the last of the input.
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100 dim emp$*5,nm$*8,addr$*65,dayt$*8,name$*20
105 decimal s,h
110 input "file name": nm$
120 open #9: nm$,outin,keyed,native
130 start: input "employee number": emp$
140 if emp$ = "last" then goto done
150 1ine input "name": name$
160 1ine input "address": addr$
170 input "date,wage,hours": dayt$,sal,hour
180 write #9,using al: emp$,name$,addr$,&

& hour,dayt$,sal dupkey bl
190 al: formc 5, ¢ 20,c 65,n6.2,c 8,n6.2
200 goto start
210 bl: print "employee already on file"
220 goto start
230 done: close #9:
240 end

The following is an example of the operation of the program, with sample input.

* run

file name employee

employee number 100

name jone,j.p.

address 123 45 st, city
date,wages,hours 10/01/80,20,0
employee number 101

name Smith,p

address 123 45 st, city
date,wages,hours 10/01/80,30,0
employee number 200

name butler,j

address 876 53 st, city
date,wages,hours 10/01/80,25.30,0
employee number 150

name cook,b

address 85 12st, city
date,wages,hours 10/01/80,27.62,0
employee number last

END AT LINE 240.

Additional records can be added to this file at any time. You can use the same
program.

If you wanted to retrieve a single employee record to print the name at your
terminal, you could use the next program. In this example, it is the KEY clause in
line 150 that specifies the key value of the right record.
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st

100 dim emp$*5,nm$*8,name$*20

110 input "file name": nm$

120 open #9: nm$,outin,keyed,native
130 start: input "employee number": emp$
140 if emp$ = "last" then stop

150 read #9,using al,key=emp$: emp$,name$ nokey bl
160 al: form ¢ 5,c 20

170 print name$

180 goto start

190 bl: print "employee not on file"
200 goto start

210 end

* RUN

file name employee

employee number 150

cook,b

employee number 201

employee not on file

employee number last

STOP AT LINE 140.

Updating a Keyed Record

If you wanted to enter the hours an employee worked instead of just displaying the

employee’s name, you could do this by inserting the following four statements after
line 170 in the above example.

174 decimal hours

175 input "hours": hours

176 rewrite #9,using cl: hours
177 cl: form pos 91,n6.2

REWRITE in line 176 changes only the value HOURS, which is a numeric value
starting in position 91 of the record. The READ statement at line 150 places all
the values of the record into a buffer. Then REWRITE moves HOURS into
position 91 of the buffer and rewrites the entire record. This REWRITE statement

it does not specify the key. It just changes the data in the last record read. One can
also specify the key of the record to be rewritten.

The following is an example of the operation of this changed program:

* run

file name employee
employee number 150
cook,b

hours 72.5

employee number last
stop at line 140

In order not to inadvertently change the wrong employee record, you should insert
three other statements between lines 170 and 174, to verify that the name of the
employee is the one you want.

171 check: input "correct employee? y/n": na$

172 if 1wrc$(na$(1:1)) = "n" then goto start
173 if lwrc$(na$(1:1)) <> "y" then goto check
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Reading Keyed Files Sequentially

When you read a keyed file sequentially, the records are read in ordered sequence,
regardless of whether they were created in order. The order of a keyed file is the
sequence in which the keys collate. The following program shows you how to read
a keyed file this way.

100 dim emp$*5,nm$*8,name$*20,addr$*65
110 input "file name": nm$
120 open #9: nm$,input,keyed,begin,native

130 do
140 read #9,using al: emp$,name$,addr$ &
& eof endl

150 al: form c5, c20, c65

160 print name$;tab(30); emp$
170 print addr$

180 loop

190 endl: print "end of file"
200 close #9:

210 end

The OPEN statement (line 120) positions the file to the first record because it is
INPUT (BEGIN is redundant). The READ statement (line 140) reads the next
record on the file, because it does not use the keyword KEY; thus, the records are
read in consecutive order. The output from the above program is in employee
number sequence:

jone,j.p 100
123 45 st,city

smith,p 101
123 45 st,city

cook,b 150
85 12 st,city

butler,j 200
876 53 st,city

end of file

END AT LINE 210.

Positioning Keyed Files

The OPEN or RESET statement allows you to position a file at its beginning by
using the keyword BEGIN. If positioning is not specified, the OPEN statement
automatically positions a file to its beginning if you open it for INPUT or OUTIN.
If you specify BEGIN and OUTPUT, the file will be scratched first. If you do not
want the file scratched, do not specify a pointer clause when opening for
OUTPUT.

You can position keyed files to the record whose key value satisfies the expression
specified in the KEY or SEARCH clause. For example:

100 reset #10,key = "abc":nokey 200

positions the keyed file #10 to the record whose KEY is ABC. If no such record
exists, it transfers to statement 200.
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Using Stream Files

Stream files are organized sequentially as a continuous stream of numeric and/or
character data.

The file is organized sequentially, so if you want to read the fifth value on the file,
you must start at the beginning of the file and read all the intervening values.

Each data item has an internal format. This means that the data is carried in the
BASIC internal format, with an indicator preceding the field that describes the type
and length of the field. The variables in your item list in any input statement must
have the same data type as the values in the file. For example, if you write a value
as a character string, you must retrieve it as a character string, and if you write a
numeric value, you must retrieve it as a numeric value. Numeric values are handled

exactly as they are in the LET statement (that is, decimal can be converted to
integer, and vice versa).

See Figure 19 on page 121 for the I/O statements that you can use with stream
files.

Accessing Stream Files

STREAM files can be accessed only sequentially. (You can write or read them

only in sequential order.) To read them, you can use READ, GET, or INPUT; to
write them, PUT or WRITE.

The following example writes the year, the principal, and the interest as a stream of
data to file #3:

* 1ist

100 integer yr,years : decimal prin,intr,rate
110 open #3: name "interest",output,internal,stream
120 input "principal,rate,years?":prin,rate,yr
130 for years=1 to yr

140 intr=prin*rate: prin=printintr

150 put #3: years,prin,intr

160 next years

170 close #3:

180 end

* RUN

principal,rate,years? 10000, .05, 4

END AT LINE 180.

The PUT statement at line 150 causes the variables YEARS, PRIN, and INTR to
be written to file #3, each as a stream of characters.
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Type Organization Statements Use

DISPLAY SEQUENTIAL INPUT You would use this file type when you wanted
LINE INPUT to save data that is in a printer format. You
PRINT might create a file which could be spooled to
RESET BEGIN a printer or output to a tape.
RESET END
SCRATCH

INTERNAL | STREAM INPUT You would use this file type when each record
GET has a single value. The length of each record
PUT may vary, as the value in the record is
WRITE described in the record. You could use this as
RESET BEGIN a text file in which each word is a separate
RESET END field.
SCRATCH

INTERNAL | SEQUENTIAL INPUT The only difference between a
READ - SEQUENTIAL, NATIVE and a
WRITE SEQUENTIAL, INTERNAL file is the
GET format of the records themselves.
RESET BEGIN
RESET END
SCRATCH

NATIVE SEQUENTIAL READ USING NATIVE or INTERNAL sequential files can
WRITE USING be used the same way. You would use one of
REWRITE USING these file types when you are saving data in
REREAD USING consecutive sequence and you only want to
RESET BEGIN “report” or read the data from the beginning.
RESET END For example, a transaction register that
SCRATCH maintains everything that is entered in the

exact order it was entered.

NATIVE RELATIVE READ USING You would use this file type when you know
WRITE USING that the different records can be numbered.
DELETE REC You might use this for error messages, or if
RESET REC you’re keeping track of the occurrence of a
RESET BEGIN particular number.
REREAD USING
REWRITE USING
SCRATCH

NATIVE KEYED READ USING You would use this file type when a particular
DELETE KEY piece of data that you’re using is always
WRITE USING unique (for example, employee number) and
REREAD USING you want to access individual records rapidly.
RESET KEY You could use this file organization for
RESET BEGIN Inventory of parts, Employee data, Bank
REWRITE USING account data, and so forth. The file must be a
SCRATCH VSAM file.

Figure 19. I/0 Statements Valid for Each File Organization and Type
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This example retrieves the values from file #3 and prints the values at your
terminal:

sk

100 integer aa: decimal bb,cc

110 open #3: name "interest",input, stream, internal

120 print "years amount interest"

130 do

140 get #3: aa, bb, cc eof 180

150 print using 170: aa, bb, cc

160 loop

170 form pic(zzzz#),pos 9,pic($zz,###.##) , &

& pos 24,pic($zz,###.##)

180 end

* RUN

years amount interest
1 $10,500.00 $ 500.00
2 $11,025.00 $ 525.00
3 $11,576.25 $ 551.25
4 $12,155.06 $ 578.81

END AT LINE 180.

It’s not necessary to use the same variable names you used in creating the file, but
character data must correspond to character variables and numeric data must
correspond to numeric variables. BASIC will automatically convert between
numeric data and numeric variables of different type.

Positioning STREAM Files: The OPEN or RESET statement allows you to position
a stream file at its beginning or end by using the keyword BEGIN or END. If
positioning is not specified, the OPEN statement automatically positions a stream
file to its beginning if you open it for input, and to the end if you open it for
output. If you open a file for OUTPUT and BEGIN, the file will be scratched.

Using Array I/0 Statements
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You can use arrays to retrieve data from files or to write data to files. You can
specify that the I/O statement is only to process arrays, by inserting the keyword
MAT at the beginning of the statement. Or you can include arrays in the item list
for the I/0 statement, preceding each with the keyword MAT.

When you read or write arrays, all the values associated with the rightmost
subscript are transferred, then the next subscript to the left is incremented and
again the values associated with the rightmost subscript are transferred. This
continues until all the dimensions have attained their maximum value.

For example, if you have an array A(2,3), with base 1, with the following values:

a(1,1) = 5 a(1,2)

6 a(1,3)
a(2,1) 10 a(2,2)

20 a(2,3)

7
30

n n

the data is transferred in this order: 5, 6, 7, 10, 20, 30.

If you are reading character strings from a record and transferring them to an
array, the length of the character string in the file cannot be longer than the
maximum allowed for each array element. If it is, you’ll get a string overflow
exception condition (SOFLOW).
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Exception Recovery

If you are reading numeric values, the same rules apply for converting between
numeric data types as apply to the LET statement.

If you are writing data from arrays to a file, the length of the character string is the
length of an element of the array if the file has an INTERNAL format, or it is the
length as specified in the FORM statement if the file has a NATIVE format.
Numeric data follows the same rules (that is, length of element or length as defined
in the FORM statement).

Examples of I/0O statements that access arrays (BASE 0 option is in effect):

100 decimal

110 rem read a decimal array - internal format
120 dim a(3,2)

130 open #3: "examplel",internal,input

140 mat read #3: a

100 real single

110 rem read a real single array - native format
120 dim a(3,2)

130 open #3: "example2",native,input

140 mat read #4,using al: a

150 al: form 12*n5.2

100 rem write a character string array - internal format
110 dim chr1$(2,3,4)

120 open #3: "example3",internal,output

130 mat write #3: chrl$

100 rem write a character string array - native format
110 dim chrl$(2,3,4)

120 open #3: "example4",native,output

130 mat write #3,using al: chrl$

140 al: form 60*c20

Other than the array, you can transfer other values to or from the file. In fact, you
can carry in the file the actual number of entries in each dimension. This could be
useful, if the length of arrays to be read varies from one record to another.

For example, assume you have a two-dimensional array that varies in size; you can
write the size of each dimension as shown here:

100 write #3:udim(a,1),udim(a,2),mat a

The first value on the record is the size of the first dimension, the second is the size
of the second dimension, followed by all the values in the array named A.

On input you can use the first two values to redimension an array:

200 input #3: i,j,mat a(i,j)

While processing I/0O statements, you can provide exception recovery from some
I/0 exceptions by including exception recovery clauses in your I/O statements.
The exception recovery clause contains a keyword describing the exception, and a
line number or line label to which control is transferred if an exception occurs.
Figure 20 on page 124 describes the keywords with their meanings. Figure 21 on
page 125 describes which keywords may be used with each I/O statement.
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Keyword Description

CONV The value cannot be converted from or to the format of
the field, or the record length has been exceeded.

DUPKEY | The key you requested for a new record already exists.

DUPREC | The record number you requested for a new record
already exists.

ENDPAGE | The last line written equals the line count for a page,
where a page is defined as the number of lines specified
in the BOTTOM clause of the MARGIN statement that
currently is in effect for the associated file or the
terminal.

EOF The last record was already read, or there is no more
room on the file to accommodate the new record.

IOERR A hardware exception has occurred. This may prevent
other exception conditions from being recognized.

NOKEY The key you requested doesn’t exist.

NOREC The record number you requested doesn’t exist.

SOFLOW | The character string being processed is too long.

EXIT An exception of some kind has occurred.

Note: If you use EXIT, you may not use any of the
other keywords. Furthermore, the statement that you are
referring to must be an EXIT statement.

Figure 20. Exception Recovery Clauses

If you include multiple exception recovery clauses, only the first exception
encountered is honored. For example:

If the record was written in the NATIVE format with the first field an 8-character
string and the second field a 20-character string,

100 dim b$*10
110 read #2,using al :

a,b$ conv 180, soflow 190
120 al: form c8,c20

control would transfer to line 180, because the conversion exception occurred on
the first field. You are trying to read a character value into the numeric variable A.
You will only discover the character string overflow condition, after you’ve
changed the program (changed a to a$):

100 dim b$*10
110 read #2,using al :

a$,b$ conv 180,soflow 190
120 al: form c8,c20

When you run these statements, you will discover that you have a string overflow,
because B$ is only 10 bytes long, and the data in the record is 20 bytes long.
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Figure 21. Exception Recovery Clauses for I/O Statements

When more than one statement has the same list of exception recovery clauses, it
may be more convenient to place the clauses in an EXIT statement and then refer
to the EXIT statement. For example:

100 dim b$*10

110 read #2 using 120 : a$,b$ exit 190
120 form c8,c20

190 exit soflow 200,conv 300

200 rem handle soflow

300 rem handle conv exception

Note that an EXIT clause cannot appear with other exception recovery clauses.
For example:

* 100 rem the following statement is illegal,
* 110 rem because exit and conv are mutually exclusive.
* 120 read #2 : a$,b conv 180, exit 190

1
###1) BAS30116S 'EXIT' NOT ALLOWED IN A STATEMENT WITH OTHER ERROR CLAUSES.

Using VSAM

VSAM (Virtual Storage Access Method) provides a powerful and flexible method
of manipulating files.

VSAM files can have the following organizations: sequential, relative, keyed, or
stream.
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If your program processes VSAM files, you must first predefine the attributes of
the file to the host system, and these attributes must correspond to the attributes of
your OPEN statement. To guarantee that there is a match between the host system
and your BASIC program, you must provide the proper documentation describing
the BASIC program requirements so that you or your user can provide the correct
data when the program is executed.

If the program uses keyed files, you must use VSAM, as it is the only access
method that supports this organization. Further, you must ensure that the key for
the record starts and ends in the location you specified to the host system. For
example, if the program expects the key to start at position 10 in the record and to
be S characters long, you must specify this exactly to the host system. If you
specify a different key position or length, the program will not be able to retrieve a
record on key. The program will only be able to read the file sequentially.

There are two intrinsic functions provided in BASIC that can be used to find the

starting position of the key and the length that were specified to the host system.
They are:

KPS(M) provides the starting byte position of the key for file #M.
KLN(M) provides the number of positions the key occupies for file #M.

These functions can be helpful, if you are reading a foreign file (that is, one created
by another program or system) and you know the format of each record, but are
unsure of the key position and length, or if you want to verify that the attributes
assigned to the host system are the same as those of your program. You could
provide an exception recovery procedure in case they aren’t, so that the user

doesn’t attempt to create records incorrectly, or fail in an attempt to read any
record.

See your IBM BASIC System Services manual for a description of the way you
define VSAM files to the host system.

Displaying and Purging Your Files
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You should list all your program and data files on a regular basis. You should
review them, determine which ones you no longer need, and then purge these from
the system. This provides you with space that can be used by new programs and
data, in addition to keeping the number of your files to a manageable size.

Be careful when you purge a file — check what you have typed before you press
the ENTER key. There is nothing more disconcerting than realizing you’re purging
the wrong program or file just as you’ve hit the ENTER key.
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Displaying Your Files — QUERY Command

Use QUERY when you want to examine the files you have saved, stored, or
written by your program(s).

query
or

query all

N

lists all your files.

query program

lists all the programs you have saved with the SAVE command. (Note that this
command lists all BASIC files that are source files containing your source
programs.)

query file

lists all the data files you have created for, or by, running your programs.
query workspace

lists all the programs you have stored with the STORE command.

query aa

displays information about the file(s) whose name is AA.

query aa*

displays information about the file(s) whose name begins with AA.

The results of issuing the QUERY command will be displayed differently
depending on which operating system BASIC is running under. Note that some
operating systems do not support more than one file type; on such systems, the
keywords PROGRAM, FILE, and WORKSPACE are ignored. See your IBM
BASIC System Services manual for details and restrictions on the QUERY
command.

Normally, QUERY displays the data at your terminal; however, you can direct the
output to a printer file by including the keyword OUT. For example:

query all out (xyz)

writes a listing of all your files to a listing file named XYZ.
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Deleting Your Files — PURGE Command

Use PURGE when you want to delete files. PURGE deletes all the files with the
name specified and makes the space available for use. Remember that your
operating system may allow several different source, workspace, object, and data
files all with the same name but with different file types, and PURGE will delete
them al/l. For example:

purge stat

deletes the file or files named STAT and makes the space available. If there are
multiple file types all with the name STAT, all the files (source,workspace, object,
and data files) with the name STAT will be deleted.

PURGE does not affect your workspace or change the current line number.

If you attempt to PURGE a file that isn’t there, you will receive an error message.

Note that some operating systems do not support more than one type of file. See
your IBM BASIC System Services manual for details and restrictions.
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Handling Exceptions

An unexplained program halt or a confusing message can leave us wondering where
to begin solving our problem. You can prevent this type of experience by providing
a means for the program to regain control after an exception has occurred.

An exception usually occurs when the system encounters something illegal. A
division by zero is a typical example. Other commonly experienced exception
conditions are: attempting to open a nonexistent disk file, trying to write beyond
the end of a file, referring to an array element outside the bounds of the array, and
so forth.

For every line of code you write, be aware of the error potential. If there is any
possible circumstance that could cause an exception, be assured that it will happen.

BASIC provides four primary exception handling statements: ON condition,
CAUSE, CONTINUE, and RETRY.

Exceptions — ON Condition Statement

The ON condition statement determines the action to be taken when an exception
occurs. After an ON condition statement is executed, it remains in effect until a
new ON condition statement for that condition is executed.

You are allowed three action options when an exception occurs:

« Transfer control to a specified line number or label (GOTO).

« Ignore the exception IGNORE).

« Permit the BASIC system-defined action to occur (SYSTEM).

There are two parts to an ON condition statement. The first part, called the

condition, immediately follows the word ON. Following the condition is the action
part, describing what action to take under the given condition. For example:

100 on error goto error_routine
transfers control to line label error__routine on an exception condition.

At error__routine you could print a message concerning the exception and ask the
user whether to ignore the exception and continue, to halt the program, or to
perform some other operation. That is your decision. You have “trapped” the

exception, forced a transfer to a specific line, and your program remains in control.
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“ERROR” is a general condition that applies to those exceptions not covered by
the list of more specific conditions, shown in Figure 22 and Figure 20 on
page 124.

Condition Applies to

ATTN ‘“attention’ interrupt from the terminal

CONV improper conversion of numeric data

ENDPAGE | attempt to print a new line beyond the
bottom margin of the current page (see
“Setting Page Margins — MARGIN
Statement” on page 106.)

OFLOW numeric overflow

SKEY pressing one of the “PF’’ keys on a 327x
terminal while running a program in
SCROLL mode

SOFLOW string overflow
UFLOW numeric underflow
ZDIV division by zero

Figure 22. Specific ON Conditions

Using Specific ON Conditions
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You can use the ON condition statements for all the conditions described in
Figure 22. You code the condition following the keyword ON and code the action
you want your program to take when the exception condition occurs. To show you

the actions of an ON condition statement, the division by zero condition with all
possible actions is described in detail.

100 on zdiv ignore
110 let ¢ = a/b

causes the value in C to be replaced with the largest number that can be

represented with the same sign as A without interrupting the program when the
variable B has a value of zero.

100 on zdiv system
110 et c=a/b

prints a message and causes the value in C to be replaced with the largest number
that can be represented with the same sign as A.

100 on zdiv goto message
110 let c=a/b

causes program control to be transferred to the line labeled MESSAGE when the
variable B has a value of zero (C is unchanged).

The three action choices, IGNORE, SYSTEM, and GOTO, are valid for any ON
condition statement except CONV and ERROR. The CONV and ERROR
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conditions do not allow the action IGNORE. For a description of the nine
conditions and their actions, see IBM BASIC Language Reference.

Exceptions — I/O Statements

You can include exception handling routines in your I/O statements. For a
discussion of this capability, see “Exception Recovery” on page 123.

When writing I/O statements that handle exceptions, you should be aware that
there are three conditions that are the same as in the ON statement. These are
CONYV, SOFLOW, and ENDPAGE. If you have written these clauses in the I/O
statements themselves or in an associated EXIT statement, they override the action
of the ON condition statement. For example:

100 on conv goto 900

200 input #2 : a,b conv 350

Control transfers to statement 350 rather than 900 if the data being input to A is
not numeric.

Certain exception conditions that may only be specified in an ON statement can
occur while an I/O statement is being executed. If this occurs and you have an

™ active ON condition statement, the action specified in the ON condition takes
effect.

If an SKEY exception occurs during the execution of an INPUT or INPUT
FIELDS statement, you can use the GOTO action to determine which key was
pressed.

100 on skey goto 980
110 input a$

§80 xyz=keynum
| 990 on xyz gosub 1000,2000,3000,4000 none 5000

transfers control to line 980 if a PF key is pressed during the execution of the
INPUT statement at line 110. The subroutine that is executed depends on which
PF key was pressed.

Notice that line 990 is an ON GOSUB statement and not another ON Condition
statement. The result of this type of exception handling is to transfer control to a
different subroutine for each PF key pressed. Frequently repeated subtasks can
thus be invoked with a single key stroke, which is a major convenience for users of
your program.
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Displaying Exception Codes

When an exception occurs, you can use the intrinsic functions ERR, LINE, and
CODE to display information about this exception. ERR gives the BASIC
exception code, LINE gives the line number at which the exception occurred, and
CODE gives the host operating system exception code. You can also display a
message that refers the user to a HELP sequence and/or to Appendix A of IBM

BASIC Language Reference, which lists the exception codes and their meanings.
For example:

100 on error goto to_err
200 gsscls = 202113793
900 call gddm (gsscls)

1000 to_err : ! error handling routine
1100 print 'line of error=';line;' err=';err;' code= ';code
1200 end

Here is another example:

700 on error goto to_err
800 dim a$(10),b$(2)*5,c$(10)
900 mat a$=b$

1000 do ! The Toop for reading
1100 for i=1 to 10

1200 read a$(i)

1300 next i

1400 data lll’l2|’l3l,l4l’lsl,16l’I7l,l8l’l9I’l10I
1500 for i =1 to 10 ! The loop for printing

1600 print a$(i);' ';

1700 next i

1800 goto fini ! end

1900 to_err : ! error handling routine
2000 Print 'line of error=';line;' err=';err;' code= ';code
2200 select err

2300 case 2001 ! Subscript out of bounds
2400 mat a$=c$

2500 case 8001 ! No more data to read
2600 RESTORE

2700 case else

2800 a=b

2900 end select

3000 1o0p

3100 fini : ! the end

3200 end

Creating Exception Codes — CAUSE Statement

You are not limited to the exception codes provided by BASIC if you want to
intentionally “cause” an exception to occur under some condition peculiar to your
program. The CAUSE statement may be followed by any numeric expression.
The rounded integer value of this expression is the exception code, which may or
may not be a BASIC exception code. CAUSE 10, for instance, produces the
exception code 10, which is available through the ERR function as above. Ten is
not a BASIC exception code, so you can assign it any meaning you wish.
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Reprocessing After an Exception — RETRY Statement

There may be some circumstances in which you want a statement to be executed
again if it causes an exception. The statement RETRY reexecutes the statement at
which the exception occurred. For example:

100 dim aa$*2

110 on soflow goto 500
120 input "-character code" :aa$

500 print "too long"
510 retry

If you responded to the prompt at 120 with 3 or more characters, the retry at 510
would cause the input statement at 120 to be re-executed.

400 input a$ soflow 2000
550 input b$ soflow 2000

2000 print "that string is too long. please try again."
2010 retry

If the value entered at either of the INPUT statements is too long, statement 2000
prints a message and the RETRY statement at 2010 causes the statement for which
the exception occurred (400 or 550) to be re-executed.

Continuing After an Exception — CONTINUE Statement

CONTINUE, however, causes control to be given to the statement immediately
following the statement causing the exception. For example:

100 on zdiv goto el0
110 a=a/b
120 input b

500 el0:print "zero divide error at line";line
510 continue

If a division by zero exception occurs, control is transferred to an exception

recovery routine at line 500, where the message “zero divide error at line 110” is
printed. The CONTINUE statement causes control to be returned to line 120.
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Exception Handling Considerations

Because exceptions can occur almost anywhere in your program, you must carefully
consider how your program is going to handle them. The following describes areas
where problems can occur if an exception condition occurs in your program.

RETRY and CONTINUE Without an Exception

Exception Loops

If your program executes a RETRY or CONTINUE statement and an exception
has not previously been intercepted by the program, an exception is generated by
the RETRY or CONTINUE statement itself. For this reason, you should keep
these statements within your exception handling routines. Then they cannot be
encountered unless an exception exists.

After an ON condition statement is executed, the indicated action is taken
whenever the exception condition occurs. The ON condition statement continues
in effect until a new ON statement with the same condition is executed within the
same program unit (that is, main or subprogram). The ON is not deactivated when

the condition occurs. Thus, infinite loops can be a danger, as shown in the
following example:

100 on zdiv goto 200
110 i=0
120 k=j/i

200 print "division by zero at line ";line
210 x=y/i

This program will loop indefinitely between lines 200 and 210, because the

statement at line 210 causes a zero divide exception, which transfers control to
200.

Because the program is operating interactively, the terminal user can issue an
attention interrupt to regain control. The capability of interrupting a loop in a
program operating in batch mode is dependent on the host system.

You can avoid this situation by writing your exception handlers in such a way that
they do not contain exception-causing statements, or they deactivate exceptions as

soon as they get control (ON...IGNORE or ON...SYSTEM) and reactivate
(ON...GOTO) upon exit.

RETRY may also cause an endless loop if the problem is not adequately corrected.
For example:
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100 on zdiv goto 200
110 i=0:j=10
120 k=j/i

éOO rem handle z-div
210 j=2
220 retry

will cause an endless loop since the wrong variable is changed.

Losing the Location of an Exception

After an exception occurs and causes a transfer of control, be careful in the
handling of subsequent exceptions. If another exception occurs that you have not
specified in an ON statement with the IGNORE action, all knowledge of the first
exception (LINE, ERR, CODE) is lost. Therefore, a RETRY or CONTINUE
statement may cause an exception to occur. For example:

100 dim a$*1

110 on soflow goto 200
120 on zdiv goto 300
130 let i=0

140 let as$='12"'

i90 rem routine to handle soflow
200 let k=j/i
210 continue

é90 rem routine to handle zdiv
300 continue

Because the variable A$ can contain only one character, line 140 causes a string
overflow exception to transfer to line 200. The division by zero exception at line
200, which is within the string overflow exception handling routine, causes the
string overflow condition to be lost. Therefore, when the CONTINUE statement
at line 300 transfers control to the CONTINUE statement at line 210, another
exception occurs, because an exception must have been intercepted or active when
a CONTINUE statement is executed. (The exception caused by line 210 is
ERR=-10008, “RETRY or CONTINUE with no active exception.””)

Again, the best approach is to make sure exceptions cannot occur within your
exception handler routines, possibly by temporarily ignoring exceptions.

For information on exceptions within subprograms, see ‘“Exceptions in
Subprograms’ on page 140.
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Exceptions in Functions

When you are writing your own functions, you should be aware that the rules for

handling exceptions in functions are not the same as they are in the main program
or in a subprogram.

See IBM BASIC Language Reference for a discussion of exception handling within
functions.

136 IBM BASIC Programming Guide




Defining and Calling Subprograms

Subprograms give you an easy way to split a large program into manageable
programming units. Your main program can call one or more subprograms (each
containing a logical body of code) at various points during the processing.
Subprograms can call other subprograms, and also call themselves; recursive calls
are allowed.

The calling program passes control to a subprogram through the CALL statement.
When a CALL statement is executed, control is immediately transferred to the
subprogram.

Calling programs can share data with subprograms, either through variables
common to both programs or through an argument list in the CALL statement.

The CALL statement calls subprograms written in BASIC, Assembler, COBOL,
FORTRAN, or PL/I. Programming in BASIC may require you to make a
distinction between the parameter-passing conventions of subprograms written in
these languages. BASIC supplies “interface routines” that enable you to call
subprograms written in COBOL, FORTRAN, or PL/I. Other interface routines
allow you to execute the BASIC SET TERM command or SYSTEM command or
to perform Graphical Display Data Manager operations or SQL operations. No
such interface routines are required for subprograms written in BASIC or
Assembler.

Defining a Subprogram — SUB and END SUB Statements

A BASIC subprogram begins with the keyword SUB, followed by its unique name
and an optional list of parameters. The subprogram is ended by the END SUB
statement.

When the subprogram exits via the END SUB or a SUBEXIT statement, control is
transferred to the statement immediately following the CALL to the subprogram.

In the following example, the subprogram NEWTON successively approximates X
to determine where the graph of the equation of a curved line crosses the X-axis.
The CALL statement at line 110 passes seven arguments to the subprogram
NEWTON and the new value of X is returned. The argument list holds the initial
value of X, the value by which X is increased, and the coefficients of each term in
the equation.
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100 x =1 ! Main program

110 call newton (x,0.05,-1.0,1.0,2.0,2.0,1.0)
120 print x

130 end

240 sub newton (x, delta, a, b, c, d, e) ! Subprogram
250 rem: the equation of a curved line

260 start: y = a + b*x + c*(x**2) + d*(x**3) + e*(x**4)
270 rem: its derivative

280 z = b + 2*c*(x) + 3*d*(x**2) + 4*e*(x**3)

290 del = y/z

300 x = x - del

310 if abs(del) > delta then goto start

320 end sub

The subprogram begins with the SUB statement at line 240. The END SUB
statement at line 320 serves both to mark the textual end of the subprogram and to
transfer the control back to the statement immediately following the CALL
statement.

A subprogram must have a name that is different from any other subprogram
named in the same program. A subprogram name is used in a CALL statement to
transfer control to that particular subprogram.

Note: the following names are predefined and may not be used as the name of a
BASIC subprogram: BASIC, CLINK, COBOL, FLINK, FORTRAN, GDDM,
PLINK, PLI, SQL, and SYSTEM.

Invoking a Subprogram—CALL Statement
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A CALL statement can include an argument list. This list must match the number

and type of the parameters in the SUB statement exactly, but not necessarily the
names themselves. For example:

100 dim sales (100)
110 integer rnum
150 call report (date$,rnum,sales())

210 end

220 sub report (d$,n,a())

230 integer n

240 print "sales report for ";d$,"r#";n
250 for i=0 to size(a)

260 if a(i) <>0 then print a(i)

270 next i

280 end sub

The CALL statement at line 150 passes three arguments to the subprogram
REPORT. The first two arguments are simple variables; the third argument is an
array. This subprogram prints the nonzero elements of an array designated by
SALES() for a date and report number passed to it by DATE$ and RNUM.

Notice that parameter D$ is a character variable, like DATE$. N is not only
numeric, like RNUM, but is an integer. Because there is not automatic conversion
of numeric data between a BASIC program unit and a BASIC subprogram, types
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must match exactly. If either line 110 or 230 were missing, an exception would
occur.

Notice also how arrays are indicated in argument and parameter lists: SALES()
and A(). Dimension is not given, but is passed internally to the subprogram. If the
third argument had been written as SALES(100), it would refer to a simple value,
the 100th element of the SALES array, and the corresponding parameter of the
subprogram would have had to be a simple variable rather than an array.

Transferring Control from a Subprogram—SUBEXIT Statement
The SUB END statement always causes a transfer of control back to the calling
program. In addition, you can also transfer control out of a subprogram by using a
SUBEXIT statement. More than one SUBEXIT statement can be present within a
subprogram.

For example, in the following subprogram, control is transferred out of the
subprogram at line 210 or 240, depending on the value of TRANCODE:

100 sub exitpro (trancode,i)

i80 on trancode goto 190, 220
190 ! Transaction one

élO subexit
220 ! Transaction two

é40 subexit

500 end sub

As soon as any SUBEXIT statement is executed, the subprogram returns control to
the line following the CALL statement.

Using the STOP Statement in a Subprogram

You can use a STOP statement within a subprogram. Just as anywhere else in a
program, a STOP statement halts the entire program, not just the subprogram.

Using the CHAIN Statement in Subprograms
The effect of a CHAIN statement within a subprogram is the same as that of a

CHAIN statement anywhere else in a program (see “Chaining BASIC Programs”
on page 81).
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Program Data in Subprograms

You may use variables and arrays within a subprogram that are not declared in
COMMON and are not passed as arguments. Such variables and arrays are unique
to the subprogram and are initialized each time the subprogram is called.

| Exceptions in Subprograms

Subprograms should contain EXIT or ON condition statements to perform
exception handling for any exceptions that may occur during the operation of the
subprogram. When a subprogram is called, all previously executed exception
handling statements are deactivated. When the subprogram exits, all previously
executed exception handling statements for the calling program unit are
reactivated, including values for the ERR, CODE, and LINE intrinsic functions.
For example:

100 com ¢

110 on zdiv goto 170

120 x=1.e50

130 y=0

140 call aa(x,y)

150 z=x/c

160 stop

170 print "zdiv at line ";line
180 stop

300 sub aa(pl,p2)

310 on zdiv goto 340

320 c=pl/p2

330 subexit

340 print "zdiv in aa at ";line
350 c=0

360 end sub

The ON ZDIV condition statement at line 110 is active during the execution of
statements 120 and 130, is deactivated when subprogram AA is called, and
reactivated when subprogram AA returns control to statement 150.

During the execution of AA, the ON ZDIV at line 310 is active. It is deactivated at
line 330 or 360.

If an exception occurs in a subprogram and the SYSTEM action for that exception
is to stop program execution and the action currently specified for that exception
(either explicitly or implicitly) is SYSTEM, then the exception stops the whole
program.
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Using Subprograms Written In Other Languages

To call a subprogram written in COBOL, FORTRAN, or PL/I, use the name of
the language where you would ordinarily put the subprogram name. Then start
your argument list with a character expression whose value is the name of the
subprogram to be called. For example:

200 call cobol("bal",frd,curr,final)
3éo.cél1 fortran("stat",varl,var2,var3,var4)

470 call pli(sub$,j,k)

In this example, the name of the called COBOL program is BAL, and the name of
the called FORTRAN program is STAT. In the CALL PLI statement, the variable
name SUB$ must contain a character string that names the PL/I subprogram being
called.

The arguments being passed to a subprogram written in other languages must
follow the same rules as those for passing arguments to BASIC subprograms. That
is, the actual arguments in the CALL statement must be the same number and type
as in the parameter list in the subprogram.

You should be aware, however, that the way data items are passed to the COBOL,
FORTRAN, or PL/I subprogram differs from the way data items are passed in
BASIC subprograms. Data items are passed to COBOL, FORTRAN, and PL/I
subprograms as shown in Figure 23.

BASIC COBOL FORTRAN PL /I
INTEGER PIC S9(9) USAGE COMP-4 INTEGER FIXED BIN(31)
REAL SINGLE USAGE COMP-1 REAL*4 FLOAT BIN(21)
REAL DOUBLE USAGE COMP-2 REAL*8 FLOAT BIN(53)
DECIMAL USAGE COMP-2 REAL*8 FLOAT BIN(53)
CHARACTER PIC X(n) USAGE DISPLAY CHARACTER*(*) CHAR(n)
CHARACTER*n VARYING
CHAR(*)
VARYING

Figure 23. Type Conversions for Interlanguage Calls

Here are some further points about interlanguage calling:

« Calling FORTRAN with character arguments requires Release 3 or Release 4

of VS FORTRAN.

« The called subprogram cannot return decimal values. It may return integer,
real single, real double, and character values, although care must be taken with

character string lengths.

« Decimal arrays cannot be used as arguments in interlanguage calls.

+ BASIC stores arrays with the rightmost subscript varying most rapidly.
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When calling FORTRAN, BASIC does not rearrange an array argument to be -
stored in FORTRAN order. If you want to have the array stored in FORTRAN '
order, you should use the TRN array function in a MAT LET statement before the
call. After the call, the array may be transposed back if desired. Note: this is
unnecessary for one-dimensional arrays.

In many cases, programs containing interlanguage calls are first compiled and then
link-edited with the called subprograms. Some operating systems allow called
subprograms to be loaded dynamically; others do not. (See your IBM BASIC
System Services manual for more information.) If you load a subprogram
dynamically, your operating system may require calls to interface routines to get
the called programs loaded before they are actually called.

For example, if a FORTRAN subroutine named BESSEL were to be dynamically

loaded and called by a BASIC program running under CMS, the BASIC program
would have to first execute the statement

100 call flink ("bessel")

which causes BESSEL to be loaded. And then make the actual call:

200 call fortran ("bessel", argument,...)

Details concerning both link-editing and dynamic loading can be found in your
IBM BASIC System Services manual.

Using Subprograms Written in Assembler Language

An Assembler language subprogram is assembled outside of the BASIC
environment and is given control by a BASIC CALL statement. BASIC handles
calls to Assembler language subprograms as if they were compiled BASIC
subprograms. In general, BASIC uses normal linkage conventions.

Main Program

100 x = 1

110 call newton(x,0.05,-1.0,1.0,2.0,2.0,1.0)
120 print x

130 end

Using the same arguments that you passed to the BASIC version of subprogram
NEWTON, you can expand the following Assembler language subprogram
fragment:
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SUBPROGRAM

NEWTON CSECT
* ENTRY CODE
STM  14,12,12(13) SAVE REGS

BALR 12,0 GET BASE ADDRESS
USING *,12 ESTABLISH ADDRESSABILITY
ST 13,5AVE#4  BACK CHAIN TO CALLER'S SAVE AREA
LA 15,SAVE
ST  15,8(13)  FORWARD CHAIN TO NEW SAVE AREA
A LR 13,15 OWN SAVE AREA ADDR INTO STD REG
* COMPUTATION PORTION OF NEWTON
* EXIT CODE
L 13,SAVE+4  RESTORE OLD SAVE AREA ADDR
LM 14,12,12(13) RESTORE REGISTERS
SR 15,15 CLEAR REGISTER 15
BR 14 RETURN
*
SAVE  DC  18F'0’ STANDARD SAVE AREA
END

This Assembler language subprogram could give results equivalent to those
returned by the BASIC subprogram NEWTON discussed under ‘“Defining a
Subprogram — SUB and END SUB Statements” on page 137. The Assembler
language version, just as the BASIC example, receives control from the main
program at the time of the call, and executes the subprogram instructions. It then
returns control to the main program at line 120, the next executable statement in
the main program.

Argument List for Assembler Language Subprograms

The argument list for an Assembler language subprogram contains an argument
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