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Preface

This publication is a reference manual that provides
specific information about the use of the IBM 5110
Computer, the BASIC language, planning, and
procedures. It also provides information about the
insertion of forms and ribbon replacement for the 5103
printer. This publication is intended for users of the
5110 and the BASIC language.

Related Publications
IBM 5110 BASIC User's Guide, SA21-9307
IBM 5110 BASIC Reference Handbook, GX21-9309

IBM 5110 Customer Support Functions Reference
Manual, SA21-9311

Prerequisite Publication

IBM 5110 BASIC Introduction, SA21-9306

Third Edition (April 1979)

This is a major revision of, and obsoletes, SA21-9308-1 and Technical
Newsletters SN21-0299, SN21-0302, and SN21-0304. This publication should be
reviewed in its entirety.

Changes are periodically made to the information herein; changes will be reported
in technical newsletters or in new editions of this publication.

This publication contains examples of data and reports used in daily business
operations. To illustrate them as completely as possible, the examples include the
names of individuals, companies, brands, and products. All of these names are
fictitious and any similarity to the names and addresses used by an actual
business enterprise is entirely coincidental.

Use this publication only for the purpose stated in the Preface.

Publications are not stocked at the address below. Requests for copies of IBM
publications and for technical information about the system should be made to
your IBM representative or to the branch office serving your locality.

This publication could contain technical inaccuracies or typographical errors. Use
the Reader's Comment Form at the back of this publication to make comments
about this publication. If the form has been removed, address your comments to
IBM Corporation, Publications, Department 245, Rochester, Minnesota 55901.
Comments become the property of IBM.

© Copyright International Business Machines Corporation 1978, 1979
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IBM 5110 OVERVIEW

Chapter 1. Operation

The IBM 5110 Model 1 (Figure 1) is a general-purpose desktop computer
designed to meet the data processing requirements of a small business. The

5110 Model 1 has a display screen, a combined alph
keyboard, a tape unit, switches, and indicator lights.

americ and numeric
The 5110 Model 2 is

identical to Model 1 except that it has no built-in tape unit. The display screen
and indicator lights communicate information to the user, and the keyboard and

switches allow the user to control the operations the
Figure 1 shows a combined BASIC/APL 5110.

IN PROCESS REVERSE

Indicator DISPLAY
PROCESS Switch
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COnth' " — ee——————
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Figure 1. The IBM 5110 Computer
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DISPLAY SCREEN

The display screen (Figure 2) can display 16 lines of data at a time, with up to
64 characters in each line. Input data (information supplied by the user) as well
as output data (processed information) is displayed. The bottom line contains
status information. The number in the lower. right (NNNNN) indicates the
number of character positions (bytes) in storage available to the user.

Line 1 (input line) contains information entered from the keyboard. The cursor
(flashing horizontal line) indicates where the next input from the keyboard will
be displayed. If the cursor is moved to a position that already contains a
character, that character flashes. As BASIC processes the input, all lines of the
on line 1 again. The number following NNNNN in the lower right identifies the
current cursor position relative to the start of the input. This number can be up
to 896 (14 lines of 64 each).

Line l 64 Character Positions

Numbers
15
14
13
12
11

-
o

| Cursor (flashing)

/

T Status Line

READY NNNNN

O =2NWHAPOOITON®®CO

Figure 2. The 5110 Display Screen Format



KEYBOARD

The APL/BASIC system keyboard (Figure 3) combines alphameric and numeric
characters. The keyboard provides two modes of character keying selection:
standard BASIC character mode and lowercase character mode. When you
turn the system power on, you are in standard BASIC character mode. in
standard BASIC character mode, you can enter uppercase alphameric
characters (without using the shift key), the uppercase symbols (using the shift
key), the BASIC statement keywords (on the front of the alphameric keys), and
BASIC commands (above the top row of numeric keys) using the CMD key.

key) and uppercase (using the shift key) alphameric characters, along with the
uppercase symbols (selected using the CMD key). In lowercase character
mode, you cannot select the BASIC statement keywords because the CMD key
is used to select uppercase symbols.

In lowercase character m<]dé, you can enter lowercase {(without using the shift

To select lowercase character mode, press the HOLD key, then hold down the
shift key while you press the ¥ Scroll Down key. To return to standard BASIC
character mode, press the HOLD key, then hold down the shift key while you
press the 4 Scroll Up key.

Operation 3



The following examples show the use of standard BASIC character mode and
lowercase character mode.

In standard BASIC mode, press:

to enter the character K.
[
to enter the character  (single quotation mark).
frause\

cMD "( to enter the keyword PAUSE.
[N
feause\

In lowercase character mode, press:

to enter the character k.

K to enter the character K.
/PAUSE\

!
CMD K to enter the character ’ (single quotation mark).
\| [fPause\

Note: All the examples in this manual are in standard BASIC character mode.




You can enter numeric data conveniently by using the calculator arrangement of numeric
keys to the right of the alphameric keys. You can also enter this data by using the
numeric keys above the alphameric keys. The arithmetic operator keys, located on the
right of the keyboard, are also on the alphameric keys.

Note that on a BASIC-only keyboard (Figure 4) upper shift APL symbols above the
alphameric characters can be entered as data, even though they do not appear on the
BASIC keyboard.

When any of the keys are pressed, the characters entered appear in the input line on
the display screen.

BASIC statement keywords are printed on the front of the alphameric keys. These
words are entered starting at the current cursor position when the CMD key is held
down and the corresponding key is pressed (in standard BASIC character mode).

.

Operation
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Special Keys

The following keys have spedial functions relating to system operations:

'iili

HOLD

(Attention)—You can press the ATTN Key to stop system
operations. While you are entering data at the keyboard, you can
press the ATTN key to blank everything from, and including, the
cursor position to the right on the input line of the display
screen. If the display is in use as an input device, the ATTN key
will blank everything to the right and below the cursor position.
You can then continue entering information. In addition, the
ATTN key and the HOLD key are the only keys that are active
when the display screen flashes to indicate detection of an error.
After you press the ATTN key to stop the flashing display
screen, all keys are active and you can proceed. The ATTN key
must also be used (after the audible alarm has sounded) to
resume procedure file operations.

(Command)-When you hold down the CMD key, you activate the
top row of alphameric keys, which cause the command keyword

to be inserted on the input line when the number below the

word is also pressed. The command operation is executed when
you press the EXECUTE key. The CMD key is also used with

the numeric keys (on the right side of the keyboard) to initiate
keys functions. Avoid holding down the CMD key and pressing
the HOLD key; this activates a function restricted to use by

service personnel. Holding down the CMD key (in standard

BASIC character mode) and pressing a key with a BASIC
statement keyword on the front will enter the keyword beginning
at the current position of the cursor. In lowercase character

mode, the CMD key allows you to type in_the uppercase

symbols. The CMD key is used with the . | key to exit a program
if data is requested. (The arithmetic operator key should not be
used for this operation.)’

When you press the EXECUTE key, the system processes the
line of data that you just entered on the input line. In addition,
you can press the EXECUTE Kkey to resume interrupted
processing. Pressing the EXECUTE key when the input line is
blank causes the same action as a GO command (see GO
Command in Chapter 2).

When you press the HOLD key, all processing stops. Processing
resumes when you press the HOLD key a second time. Thus,
the HOLD key allows you to read displayed data during an
output operation. While processing is stopped, the CMD key
and the arithmetic operator keys on the right of the keyboard are
restricted to use by service personnel. The HOLD key will not
operate when the display screen is not activated. The HOLD key
also allows you to change from standard BASIC character mode
to lowercase character mode and vice versa. See National
Character Sets in Chapter 3.

(Shift—While you hold down a Shift key, you can select an
uppercase symbol (in standard BASIC character mode) or an
uppercase alphameric {in lowercase character mode) for input.
Operation



down the CMD key and press the key below Copy Display, all
data displayed on the screen is printed by the attached printer.
You can use the copy display function when the system is in a
hold state, or anytime the system is waiting for input from the
keyboard. On a combined BASIC/APL machine, the key is used

D (Copy Display-when the CMD key is held down)}-When you hold

to activate the copy display function. The L32 64 R32 switch
has no affect on printed data.

The following keys have a repeat capability, which means that they will
continue to function for as long as they are pressed:

(Backspace)-When you press this key, the cursor moves one
position to the left. When backspaced from position 1 of the
input area, the cursor moves to the rightmost position of the
input area. When you hold down the CMD key and press this
key, you immediately delete the character at the current cursor
position. All characters to the right of the cursor are shifted one
position to the left each time you press this key. The cursor
does not move.

(Forward Space}-When you press this key, the cursor moves one

position to the right. When spaced beyond the end of the input
area, the cursor returns to the first position of the input area.
When you hold down the CMD key and press this key, you
immediately insert a blank character at the current cursor
position, and all data following the cursor position is shifted one
position to the right. The cursor does not move; thus you can
enter another character into this position. If the input area
contains a character in the last position, the insert function is
ignored.

(Scroll Up)-When you press this key, each displayed line moves

up one line position (except the status line). This key also allows
you to change from lowercase character mode to standard
BASIC character mode (when used with the HOLD and shift
keys). When the keyboard is open and the cursor is displayed
on one of the top 14 lines, the Scroll Up key moves the cursor up
one line.

moves down one line position (except the status line). This key
also allows you to change from standard BASIC character mode
to lowercase character mode (when used with HOLD and shift).
When the keyboard is open and the cursor is displayed on one

of the top 14 lines, the Scroll Down key moves the cursor down
one line.

. (Scroll Down)-When you press this key, each displayed line
)

Note: The Spacebar also has repeat capability. Blanks are inserted if you hold
down the Spacebar.



SWITCHES
The following switches are located above the keyboard on the console:

POWER ON/OFF — The Power switch turns the system on and off. When
power is turned on, the system becomes operable in approximately 10-15
seconds.

RESTART — This is a spring-returned switch that reinitializes the system to
its power on state. In the dual language system, the setting of the
BASIC/APL switch determines which language is initialized.

BASIC/APL — This switch appears only on the dual language system and
determines which language is initialized at power on and restart.

REVERSE DISPLAY — This two-position switch sets the display screen to
white characters on a black background or to black characters on a white
background. You may want to adjust the BRIGHTNESS switch after setting
the REVERSE DISPLAY switch.

BRIGHTNESS — This control varies the intensity of the characters or the
screen background.

DISPLAY REGISTERS/NORMAL — This switch is for use by service
personnel. This switch should remain in the NORMAL position during
system operation.

L32 64 R32 — The three positions of this switch are:

L32 The leftmost 32 characters on the display screen are displayed with
a blank between characters.

64 Up to 64 characters per line are displayed in adjacent positions.

R32 The rightmost 32 characteré on the display screen are displayed
with a blank between characters.

INDICATORS
The console has two indicators:

PROCESS CHECK — When this indicator lights, a system malfunction has
been detected, and further operations are not normally possible. Press the
RESTART key. If the condition recurs, call for service.

IN PROCESS — This indicator lights only to inform you that the system is
operating even though the display screen is turned off. Because some
programs require several minutes of processing that turns off the display,
the IN PROCESS indicator is your assurance that the system is operating.
When this indicator light is on, the HOLD key does not stop processing.

Operation
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EDITING INPUT LINES

If you detect an error in a line before you press the EXECUTE key to enter the
line into the system, you can use the Forward Space or Backspace key to
position the cursor at the error, then:

« You can use the insert or delete functions to correct the error.
« You can press the ATTN key to blank all data to the right of the cursor.

« You can enter the correct character. Note that the APL symbols (upper shift
on several keys) in Figure 3 can be entered into'an input line. On a
BASIC-only keyboard (Figure 4), however, these symbols do not appear
even though they can be entered into an input line. Because many of these
symbols can be overstruck by other characters (such as * and . to create !)
you can take the following steps to replace an APL symbol:

1. Position the cursor at the symbol.

2. Press the Spacebar to erase the syrnbol.

3. Backspace the cursor to the blank position.

4, Enter the correct character.
If you detect an error in a line after you press the EXECUTE key to enter the
line, you can use the Scroll Up or Scroll Down key to position the line to be
corrected, then use the procedures above to correct the error.
If you want to change an entire line, you can simply enter the statement
number of the line, then reenter the line and press the EXECUTE key. The new
line will replace the old line.
If you want to delete one or more program lines, enter the statement number
of the line you want to delete, then enter DEL and press the EXECUTE key. To
delete several successive lines, enter the number of the first line, enter DEL,
enter the number of the last line, then press the EXECUTE key. For example,
to delete lines 20 through 90 in a program, enter:

20 DEL 90

then press the EXECUTE key. Note the DEL is invalid while you are entering a
key group (see Function Keys in Chapter 2).



STORAGE CAPACITY

The base system (Model B11 .or B21) has a storage capacity of 16K (K=1,024
bytes). Figure 5 shows how this storage is allocated to various requirements.
Note that the work area available to the user is approximately 11,500 bytes,
while 4,500 bytes are required for internal purposes. The storage capacity is
increased in the following models of the system (the first digit represents
model number 1 or 2, and the second digit represents storage size): -

Model B12 and B22 — 32K
Model B13 and B23 — 48K
Model B14 and B24 — 64K

In these models, all additional storage is allocated to the user work area. For
example, on the Model B14, the user work area is approximately 59,500 bytes,
with the remaining 4,500 bytes used for internal purposes.

11,500 Bytes
User Work Area

{data and programs)

e — e e m - - e, e, —— . —- - -

4,500 Bytes
(internal system requirements)

Figure 5. Storage Allocation for a 16K System

Operation 11
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Chapter 2. System Commands

Some of the system commands are listed above the top row of numeric keys
on the typewriter-like alphameric keyboard (Figure 4). These commands allow
you to control diskette, tape, and printer operations, such as storing a program,
loading a program into the system, and executing a loaded program. System
commands can either be entered character-by-character from the keyboard, or
the entire keyword can be entered by holding down the CMD key and pressing
the appropriate number key below the command (except for those, such as
LINK and MERGE, that are not listed). The latter operation inserts the keyword
with a single keystroke, thus preventing possible keying errors and providing
faster operation. The commands are used to direct the system to perform the
following types of operations:

. Program Execution—Start or resume execution of a BASIC program or
command.

« File Operation—Load or save programs or data on tape, or diskette, or mark
tapes/diskettes.

« Program Operation—List and number program statements or merge several
programs into one program.

Parameters required for a command can be entered after the command
keyword is entered. The command operation then starts after you press the
EXECUTE key. The command keywords and major functions of the BASIC
system commands are:

ALERT Alert the operator from a procedure file

AUTO Automatic line numbering

CSKIP Skip within a procedure file on a specified condition
GO Resume interrupted processing

LINK Load customer support functions, features, or IMFs
LIST Display or print a BASIC program

LOAD Load a BASIC program

MARK Mark tape/diskette files

MERGE Merge a BASIC program

PROC Initiate input from a procedure file

RD= Specify rounding position of printed numeric values
RENUM  Renumber statements

REWIND Rewind tape

RUN Run a BASIC program

SAVE Save a BASIC program

SKIP Unconditionally skip records within a procedure file
UTIL Perform system support functions

System Commands 13



14

DEVICE ADDRESS PARAMETER

FILE

Many BASIC commands and statements require entry of a device address
parameter.

This address identifies the input/output device containing the file being
processed. Valid device addresses for the 5110 are:

E80 — for the built-in tape unit (Model 1 only)

E40 — for the auxiliary tape unit (Model 1 only)

D80 -~ for diskette drive 1

D40 - for diskette drive 2

D20 - for diskette drive 3

D10 — for diskette drive 4

500 — for the printer

000 — for directing output to line 1 of the display
screen {output only)

001 — for allowing GET statements to access data entered
from the keyboard (in the same manner that INPUT
statements receive data)

002 — for allowing up to 14 lines of the display
screen to be used as keyboard input, output, or
update as a record file

Note: The normal system default address on the 5110 Model 1 is device ESO.
The normal system default address on the 5110 Model 2 is device D80. These
defaults can be changed with the UTIL SYS command, which allows you to
select the default address you want to use (see UTIL Command). If you do not
enter a device address with commands, the default address will be used. You
can also enter 'SYS’ for the device address parameter in the OPEN [FILE] and
CHAIN statements to specify the system default device address.

REFERENCE PARAMETER

The file reference parameter in many BASIC commands and statements can
consist of either the file number or the file name, or both the file number and
name. File names can be of the following types:

« For any files on tape, the file name can be any combination of up to 17
characters.

» For files on diskette, the file name can be either simple or complex. Simple
file names can be from 1 to 8 characters in length. The first character must
be an uppercase alphabetic character (A-Z). The remaining characters can
be alphanumeric (A-Z or 0-9). Blanks are not permitted. A simple file name
must be used when creating basic exchange diskette files (see Customer
Support Functions Reference Manual for information on basic exchange files).

« Complex file names can be two or more simple names separated by a
period. Total length of a complex file name is 17 characters including the
period separator(s). As with simple file names, blanks are not permitted
within complex file names.



When you enter a file name, be sure to enclose it in single quotation marks. If
you enter both the nonzero file number and file name for a diskette file, the
system accesses the file by name, but also compares the number you specify
with the number of the file accessed. If the file number and name do not
match, an error message is displayed.

Note: When a file is being accessed for output, an error will occur unless the
file is unused (type 0), or unless the file name you specified matches the
existing file name. See UTILCommand in Chapter 2 for information on making
a file unused or changing a file name. '

COMMAND SYNTAX

The syntax and description of each command is detailed in this section. Note
that the syntax used in BASIC commands is also used for the BASIC
statements (Chapter 4). In this syntax, parameters that must be specified as
shown are in uppercase letters. Parameters you must supply are in lowercase
letters. Optional parameters are enclosed in brackets ([ ]). Parameters
enclosed in braces ({})} indicate that you must enter only one of the enclosed
parameters. Ellipses (...) indicate that the preceding parameters can be
repeated. Single quotation marks and parentheses must be entered where
shown. Commas must be entered to separate parameters, except between the
keyword and the first parameter.

Each command or statement entered from the keyboard is checked for syntax
errors. If a syntax error is detected, an up arrow (4) is displayed below the
position in the line where the error was detected, the optional audible alarm
sounds, the display screen fiashes, and the keyboard is locked. The ATTN key
and HOLD key are the only active keys when the display screen flashes. Press
ATTN to stop the flashing screen, then correct the indicated error.

Some general rules that apply to system commands are:

. No preceding statement number is needed.

. Each command must begin a new line.

« Maximum command length is 64 characters.

. Blanks are ignored except in character strings enclosed in single quotation
marks.

« Parameters must be separated by a comma.

. A comma is not required between a command keyword and the first
parameter.

System Commands

15



ALERT [comment]
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ALERT COMMAND

The ALERT command allows you to provide an indication to the operator that
intervention is needed during the execution of a procedure file (see Procedure
File in Chapter 3). When executed, the ALERT command halts system
operation, sounds an audible alarm, and causes the display screen to flash the
word ALERT and the optional comment. The operator must press the ATTN
key to stop the flashing screen. The optional comment can be an instruction
to change tapes or diskettes or perform other necessary operations. Comment
length is limited only by line length. To resume normal operation, the operator
can enter GO. To terminate operation, the operator can enter GO END. Also,
the operator can enter another PROC command to initiate another procedure
file and terminate the current procedure file.

The ALERT command can only be entered in a procedure file.

Example
The following is a typical ALERT command.
ALERT REPLACE RECEIVABLES DISKETTE WITH PAYABLES DISKETTE

When this command is executed in a procedure file, the associated message
will be flashed on the screen to instruct the operator to change diskettes.



AUTO [Iine-num [,increment]]

AUTO COMMAND

The AUTO command allows you to initiate automatic line numbering for BASIC
statements. Automatic numbering simplifies the task of entering statements in
a BASIC program. You can specify both the beginning statement number and
the increment between numbers. After you enter a statement and press the
EXECUTE key, the next statement number is generated and displayed. The
syntax of the AUTO command is as shown above, where:

line-num is a positive integer specifying the first statement number to be
generated. The range of this number is 1 to 9999. If a beginning number is
not specified, a beginning number of 0010 and an increment of 10 are
generated.

increment is a positive integer used to increment succeeding statement
numbers. If a beginning line number is not specified, the increment cannot

be specified. The default is 10 for this optional entry.

Each statement number generated by the AUTO command is followed by a
blank, then the cursor, as shown:

0010__

System Commands 17
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Note About AUTO

Automatic numbering continues until any other valid data, such as a command
word, or a statement number other than the displayed number is entered on
the input line. In this case, another AUTO command must be entered in order
to resume automatic numbering. Other ways to terminate AUTO numbering
are: press the Scroll Up key, which will display a new unnumbered line, or
simply press the EXECUTE key when the input line contains only the line
number.

Example
The following examples show AUTO commands:
AUTO (then press the EXECUTE key)
In this example, the display screen will show statement number 0010. After
you press the EXECUTE key at the end of an entered statement, the statement

number automatically increases by 10, producing statement numbers 0020,
0030, 0040, and so on.

In the following example, the beginning statement is 0320. After each
succeeding statement is entered, the statement number is automatically

increased by 20, producing statement numbers 0340, 0360, 0380, and so on.

AUTO 320,20 (then press the EXECUTE key)



CSKIP integer [comrnent]

CSKIP COMMAND

The CSKIP command allows you to conditionally skip records within a
procedure file (see Procedure File in Chapter 3). This command is valid only
when used with an active procedure file. The syntax of the CSKIP command is
as shown above, where:

integer indicates the number of procedure file records to be skipped when
the condition is satisfied.

comment is an optional comment.

Upon execution of the CSKIP command, the value of the return code (the RC=
parameter) set by the last END or STOP statement is checked. If the value is
zero or less, no action is taken. If the value is greater than zero, the specified
number of records in the procedure file are skipped. If the number of records
specified exceeds the number of records remaining in the file, the procedure
file is closed. The specified number must be a whole number. For example,
an entry of 3.5 causes three records to be skipped, with the .5 assumed to be
the beginning of the optional comment.

Example

The following example shows the execution of a SKIP command within a
procedure file.

LOAD 4

RUN

CSKIP 3

LOAD 9

RUN

SKIP 3

ALERT INSERT TRANSACTION DISKETTE
LOAD 11

RUN

Upon execution of this procedure file, the program in file 4 runs. If the
program in file 4 sets the return code to nonzero (see STOP in Chapter 4), the
CSKIP 3 causes the next three records in the procedure file to be bypassed
and ALERT to be processed. The program in file 11 is then run. If the return
code was zero, the program in file 9 is loaded and run instead. The SKIP then
causes the remainder of the procedure to be bypassed.

System Commands
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GO COMMAND
You can use the GO command to do the following:

1. Resume or end processing of a BASIC program that was halted by one
of the following:
a. A PAUSE statement
b. Executing statements in step mode (see RUN Command)
c. Some error conditions
d. Your pressing the ATTN key

2. End a MARK command operation before it reaches its normal termination
point or resume an interrupted MARK operation to re-mark a file.

3. Resume or terminate PROC file operations interrupted by an ALERT
command.

You can resume processing by pressing the EXECUTE key on a blank line
(implied GO). The GO command, however, allows you to resume processing in
any of three modes of operation (normal, step, or trace). Thus, you can change
the operating mode with the GO command. Program execution can be
continued with the next sequential statement or at a statement number
specified in the GO command. You can change the decimal position that
activates rounding (see RD = Command).

To terminate the execution of a system command or a BASIC program, the GO
command has this syntax:

GO END

END closes input and output files, thus maintaining the integrity of the files.
After the files are closed, no program statements are executed.

To continue execution of an interrupted operation, the GO command has this

syntax:
RUN
GO [linenum] |, sTep [Lro=n]
TRACE [,PRINT]
where:

line-num is the number of the statement at which processing is to be
resumed. If this number is omitted, processing begins with the next
sequential statement.



RUN specifies that processing is to continue in normal mode.

STEP specifies that processing is to continue in step mode (see RUN
Command).

TRACE specifies that processing is to continue in trace mode (see RUN
Command).

Note: If neither RUN, STEP, nor TRACE is specified, processing will
continue in the mode that was in operation when processing was
interrupted.

PRINT specifies that trace messages are to be displayed and printed. If
PRINT is omitted, the messages are only displayed. This entry should only
be specified with TRACE.

RD = n allows you to specify the number of digits to the right of the decimal
point that will cause rounding. On printed or displayed output, n can be 1
to 15 and is initialized to 6. If n is not specified, it retains its last value. It
also sets the comparison tolerance (See Comparison Tolerance in Chapter 3)
when you do not use the image or FORM statements.

Notes About GO

The statement number entry is valid only during execution of a BASIC
program.

« When the input line is blank, pressing the EXECUTE key causes the same

Example

operation as a GO command.

In response to an error indicating an attempt to mark a file already marked,
GO must be entered only in positions 1 and 2 of the input line.

The following examples show a variety of GO commands.

1.

To change to or resume normal operation of a BASIC program:
GO RUN (then press the EXECUTE key)
To change from step or normal mode to trace mode:
GO TRACE (then press the EXECUTE key)
To change to step mode and begin execution at statement number 620:

GO 620, STEP (then press the EXECUTE key)

System Commands
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LINK file-ref [ ,dev-address]

LINK COMMAND

The LINK command allows you to access the customer support function
features, and IMFs. To access these programs, enter the LINK command with
the syntax shown above, where:

file-ref can be either the file name (enclosed in single quotation marks), the
file number, or both the file number and name (see File Reference
Parameter).

dev-address is the address of the device containing the tape or diskette (see
Device Address Parameter).

Upon successful execution of the LINK command, the system transfers control
to the support function you specified. If an error occurs during the LINK
operation, the system returns to load O status. IMFs may use enough
workspace to prevent the successful execution of the LINK command. This
condition will return the system to load O status. These IMFs may be cleared
by a RESTART, and then you may retry the LINK command. If the LINK is
successfully executed, and upon completion of the utility, you must reload any
required IMFs when you return to load O status. If the error continues to
occur, call your service representative. For a complete description of the
customer support functions see the IBM 5110 Customer Support Functions
Reference Manual.

Example
A sample LINK command is shown below:

LINK 2, "ABC’, D80

Upon execution of this command, the system will link to the program in file 2
(called ABC) on the diskette in drive 1.

22



ListT[PRINT] [ {I'?ni-YnxUm}]

LiIST COMMAND

The LIST command allows you to display or optionally print the program or
data lines from the work area. The contents of the work area are unchanged.
The syntax of the LIST command is as shown above, where:

PRINT specifies that the list of lines in the work area is to be printed rather
than displayed. If PRINT is not specified, the list will be displayed.

KEYx specifies that the indicated key group should be displayed or printed
{x =0 to 9).

line-num specifies that a group of 14 lines, ending with the indicated line
number, is to be displayed. If PRINT is also specified, the entire work area,
starting with the indicated line number, will be printed. If no line number is
entered, the lowest line number in the work area is assumed to be the
starting line number. This entry is not valid for a KEYx group.

When the listing is specified to the display, the line number specified in the

LIST command appears on line 2 of the display screen. Up to 13 preceding

lines (fewer, if less than 14 are defined) are displayed on the lines above line
2. You can use the 4 and + (Scroll Up and Scroll Down keys) to arrive at a
particular line.

When the listing is specified to the printer, the entire work area, starting with
the specified line number in the LIST command, is printed. Printing begins at
the lowest line number if a line number is not specified in the LIST command.

Notes About LIST

« If the line number specified in the LIST command is not in the work area,
the system will seek the next lower line number for the LIST operation. If a
lower line number is not found, an error message is displayed.

« If the line length exceeds 64 characters, the succeeding line will contain the
excess over 64 characters when the line is displayed. When printed, the full
line will be printed up to 128 characters. The line length will not affect the
execution of the statement.

« If the system is listing data lines longer than 118 characters on the display,
the excess over 118 characters is not displayed.

« You can use the ATTN key to terminate a LIST operation to the printer.

System Commands
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Example

The following examples show several LIST commands:

To display the first group of work area lines:
LIST (then press the EXECUTE key)
« To display line number 250 and the preceding 13 lines:
LIST 250 (then press the EXECUTE key)
« To print line number 250 and all lines following in the work area:

LIST PRINT, 250 (then press the EXECUTE key)

To display the first 14 lines in the group associated with function key 5:

LIST KEY5 (then press the_ EXECUTE key)



KEYx
KEYS
LOAD file-ref | , { DATA [>dev-address ]
BASIC
SOURCE

LOAD COMMAND

The LOAD command causes a previously saved file to be loaded into the work
area (from tape or diskette) for modification and/or execution. LOAD can also
be used to prepare the work area for the entry from the keyboard of a new
BASIC program, data, or key group. The syntax of the LOAD command is as
shown above, where:

file ref can be either the file name (enclosed in single quotation marks), the
file number, or both file number and name, except for tape files which
cannot be referenced only by the file name. (See File Reference Parameter.)
An entry of O indicates that a new file will be entered from the keyboard,
regardless of device address specified.

KEYx, KEYS, DATA, BASIC, or SOURCE specifies the type of data to be
loaded into the work area. BASIC is the default when you are loading from
the keyboard. BASIC or SOURCE is the default when you are loading from
tape or diskette.

dev-address is the address code of the device containing a saved file to be
loaded. (See Device Address Parameter.)

Entering a LOAD command of LOADO clears the entire work area, including all
key groups. A LOADO command specifying BASIC or DATA as the second
parameter will only clear the specified program from the work area, without
altering existing key groups. If the new file type is a KEYx file, the new key
file is added to the work area without altering the existing work area. If the
KEYx file already exists in storage, the loaded KEYx file will replace the old
one.

Line O will display READY when the system is in standard BASIC character
mode, DATA when in lowercase character mode, and KEYx for key definition
mode. You can begin entering the specified type of lines into the work area.
The line type entered (BASIC, DATA, or KEYx) must be the same type as the
work area, or the line will not be accepted and an error message will appear
on line 0. KEYS and SOURCE are not valid options when you are loading from
the keyboard (KEYx is valid).

System Commands
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A LOAD nonzero entry specifies that a saved file is to be loaded from tape or
diskette into the work area. Any previous contents of the work area (except
the keys files) are destroyed when the file type is specified as BASIC, DATA,
or SOURCE. If the new file type is a KEYx file, the new key file is added to
the work area without altering existing work area. If the KEYS/KEYx files
already exist in storage, the loaded KEYS/KEYXx files will replace the old ones.
For example, if a new KEY®6 function is loaded from tape or diskette, it will
replace the existing KEY6 function. A copy of the saved file is loaded into the
work area, and the following information is displayed:

« User-specified file identification (if any)
» Number of contiguous 1,024-byte areas of storage in the file
« Number of contiguous 1,024-byte areas of unused storage in the file
+ First line number (for BASIC)
« Last line number (for BASIC)
+ KEYx numbers (for KEYXx file types)
« Amount of unassigned work area remaining (in bytes)—this does not include
KEYx file types
Notes About LOAD

» File type KEYS (load all keys functions within the specified file) is invalid
when the file number is zero (LOADO).

« File type SOURCE (load a program in user source format from the specified
saved file) is invalid when you are loading from the keyboard (LOADO).

« When you are loading a record file (type 9) or a stream file (type 1, 2, or 3),
SOURCE is assumed unless DATA is specified.

» If file type is omitted, BASIC is assumed if you are loading from the
keyboard, and BASIC or SOURCE is assumed if you are loading from a
saved file (depending on the type of file). In the latter instance, if the type
of file is'not BASIC or SOURCE, an error message is displayed.

« LOADO, DATA provides automatic line numbering and the colon for each
line. The display shows:

0010:__
« If execution of a LOAD command is interrupted (when you press the ATTN
key, or due to an 1/0 error) while you are loading a saved file, operation is

terminated. If you are loading a program, the program may be incomplete
and may not function as intended.

» Calculator statements are invalid if DATA is specified (LOADx, DATA).



Notes About LOAD SOURCE

o When a syntax error occurs during a LOAD SOURCE command, you must
choose one of the following options:

— Correct the line and press the EXECUTE key to continue.
— Scroll up to ignore the line and continue loading.

« If you load a SOURCE file containing a line longer than 64 characters, you
will get an error. The error must be corrected or the line must be scrolled
up (which ignores the line) before loading can continue.

« The LOAD SOURCE command is terminated by an error (other than a syntax
error) or by any use of a command key whether or not the key has a
defined function (see Function Keys).

Example

The following examples show a variety of LOAD commands:

« To prepare for keyboard entry of a data file:
LOADO, DATA

« To prepare for entry of a function from the keyboard for function key 6:
LOADO, KEY6

« To load a saved program {(file 3) from tape unit E40 (auxiliary tape unit):
LOAD3, E40

« To load a program saved in user source format from file 6 on tape unit E80:
LOAD6, SOURCE, E80

or

LOADS, E8O
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Keyboard Generated Data Files

You can create a data file directly from the keyboard using the LOAD
command. First, enter LOADO, DATA, then press EXECUTE. The system
responds with automatic line numbering (starting with 0010) followed by a
colon. You can then enter numeric and character data. The end of a data file
line is indicated when you press the EXECUTE key. Data file lines are not
checked for proper syntax. A typical data file line is:

0010: APRIL, 312.41, "JONES’, 419.21, 'BALANCE’

After all data file lines are entered into the work area, they can be saved with
the SAVE command. Data file lines are saved without line numbers or the
colon. When data file lines are listed, the colon is displayed. Data in a
keyboard-generated data file can be accessed by input/output statements
during program execution or by a procedure file to control program execution.
With line numbers and the colon removed, the data file is a continuous string
of data items or records.

You can edit a saved data file by first loading it back into the work area with a
LOAD command. When saved, the line numbers and colon are again removed.
When loaded, data lines are preceded by line numbers, starting with 0001 and
incrementing by 1, and the colon.

Function Keys

Ten function keys are available for your use in invoking programs or commands
of your choosing. The function keys are the numeric keys 0-9 to the right of
the typewriter-like keyboard. The functions invoked by these keys are defined
in a LOAD command. First, enter a LOAD command specifying the key to
which a function is to be assigned. For example, to assign a function to the 6
key, enter:

LOADO, KEY6 (then press the EXECUTE key)



Now, you must define a key group, which is the statements associated with
the function key. When you press the CMD key and the 6 key, these are the
statements that will be executed. One of five valid key group header
statements must be preceded by a line number of 999x, where x = 0 to 9 to
represent the function key. In the preceding example, the line number is 9996.
The header statements are:

+ NULL, which specifies that you are not defining a function for a particular
key or that you are deleting an existing definition.

« CMD, which specifies that the remainder of the line is a system command
or a calculator statement. This key group can contain only one system
command or calculator statement. The specified operation is performed
immediately (without pressing the EXECUTE key).

« REM, which specifies that the key group is a series of BASIC statements.
These statements will be executed when the CMD key and the specified key
is pressed or when the specific key group is referenced in GOSUB. When
referenced in GOSUB (GOSUB 999x), the program seeks the REM key
group and branches to it. If the REM key group is not found, the program
seeks statement 999x in the program and branches to it. The DATA, END,
and STOP statements are not permitted in a function key. Thus READ,

MAT READ should not be entered. A RETURN or CHAIN statement will
end definition of a KEYx function. The RETURN statement must not contain
an expression. A nested GOSUB within a key group will cause an error.

« TXT, which specifies that the character string (enclosed in single quotation
marks) is to be inserted in the input line beginning at the current cursor
position. For example, assuming a character string ‘RATE’ is assigned to
function key 5, each time function key 5 is pressed while CMD is pressed,
the constant RATE is inserted into the line being entered from the keyboard.

« KEYn, which indicates that the function assigned to the n key is to be
reassigned to the x key specified in line number 999x. The n function key is
set to NULL.

In the following examples, the function keys will be assigned a number of
functions. First, the LOADO, KEY6 command prepares the work area for
assignment of the keys function.

« 9996 NULL indicates that the 6 key will have no defined function.

« 9996 CMD REWIND EB80 indicates that the 6 key will cause the tape in the

5110 Model 1 built-in tape unit to be rewound each time the CMD key and
the 6 key are pressed.
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Another use for the function key is shown below:
9996 CMD A=&PI*R+2

In this example, you can compute the area of a circle by assigning a value to R
(the radius) and pressing the numeric 6 key while the CMD key is pressed.

» 9996 REM KEY6 FUNCTION
0001 FOR X = 100 to 360 STEP 10
0002 A = X/12
0003 | = 2*A
0004 PRINT FLP, I,X
0005 NEXT X
0006 RETURN

These BASIC statements will be executed each time the numeric 6 key is
pressed while the CMD key is pressed, or if a GOSUB 9996 is executed.

+ 9996 TXT "SPINDLES AND SPANGLES’ indicates that the character string
will be inserted into the current input line beginning at the current cursor
position each time the 6 key is pressed while the CMD key is pressed.

« 9996 KEY4 indicates that the function assigned to the 4 key be reassigned
to the 6 key. The 4 key is then set to NULL, meaning that it has no defined

function.

Note that statements in an REM key group can be deleted by reference to the
key group and use of the DEL editing function. For example:

KEY6, 10DEL

deletes line 10 from key group 6.
KEY6, 10DELS0

deletes lines 10 through 90 from key group 6.

Statements can be added or edited in the same manner:
KEY®6, 10 PRINT A

adds line 10 or replaces the previous line 10 in REM key group 6.

Note that KEYx cannot be used to edit a key group header statement.



MARK K-characters, files,starting file [,dev-address]

MARK COMMAND

You can use the MARK command to initialize one or more tape or diskette
files to a specified number of contiguous 1,024-byte areas of storage. If end
of tape is reached before the mark operation is complete, the last file number
and the number of 1,024-byte areas successfully marked in the file are
displayed. If end of diskette is reached, the number of files successfully
marked is displayed. The ATTN key is not active during mark operations. If
you try to re-mark a file on tape or re-mark a file that contains data on
diskette, an error message is displayed (see Appendix C). To continue, enter
GO. Note that you must use the Scroll Up key or blank the input line before
entering GO only in the first two positions of the line. If you end the operation
by entering anything other than GO in positions 1 and 2, the file already
marked is unchanged.

Note: If an existing file on tape is re-marked, the original information in the
re-marked file and the existing information in the files following the re-marked
file cannot be used again. Files on diskette can be re-marked without losing
information in files that follow.

The syntax of the MARK command is as shown above, where:

K-characters is the number of 1,024-byte areas of storage to be used on
the tape or diskette.

files is the number of consecutive files to be marked.
starting file is the first (lowest numbered) file number to be marked.
dev-address is the address of the tape or diskette drive in which the file

resides. Default is the system default device address (see Device Address
Parameter).
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Notes About MARK

« If an existing tape file is re-marked, the original information on the re-marked
file cannot be used again. In addition, the information on files following a
re-marked tape file cannot be used again. This does not apply to diskette
files.

+ If you are marking more than one file on the diskette, the system will check
the starting file and each subsequent file within the range that you specify
for a file that contains data. If any of these files contains data, the
ALREADY MARKED error message is displayed.

» The MARK command can be issued any time the specified tape unit or
diskette drive is not otherwise active.

+ Tapes with CRC errors must be re-marked (reinitialized) starting with a file
preceding the CRC error. A REWIND command is generally required before
this MARK.

* You can determine the size required for a file by comparing the amount of
work area available before and after you have entered data or programs into

the work area. See Storage Considerations in Chapter 5 for information on
storage requirements for data in the work area.

Example
A sample MARK command is as shown:
MARK 3,6,1
In this sample, six files will be marked, starting with file 1, with each file using

3,072 (3K) bytes on the tape or diskette residing in the tape or diskette drive
that is the system default device.



MERGE file-ref [, [KEYX] ,[from Iine-num] ,[through Iine-num] s [new Iine-num] [,dev-address]]

MERGE COMMAND

The MERGE command allows you to merge all or part of a saved file with data
or a program (saved in BASIC format) in the work area. In this way, you can
add the same routine to several different programs, or add the same data
items to several different data files. Only BASIC statements (in a BASIC file)
and stream DATA files can be merged. The work area and saved file must be
of the same type. If these files are different, the MERGE command is not
executed, and an error message is displayed. Lines from the file are added to
the work area lines in line number sequence. If a line from the file and a line
in the work area have the same statement number, however, the line from the
file replaces the work area line. The merged file could exceed the size of the
work area, which causes an error message to be displayed (see Appendix C).

As the lines are merged, you can specify that lines merged from the file be
renumbered, starting with a statement number of your choice and increasing by
the original (SAVED) file increment. After the merge is completed, the display
shows the READY message or DATA, along with the number of unused bytes
in the work area. The syntax of the MERGE command is as shown above,
where:

file-ref can be the file name (enclosed in single quotation marks), the file
number, or both file number and name (see File Reference Parameter).

KEYx is an active function key group into which the file is to be merged.

from line-num is the first line to be merged in the saved file. If no number
is entered, the first line in the file is the defauit.

through line~-num is the last line to be merged in the saved file. If no
number is entered, the last line in the file is the default.

new line-num is the first line number to be used in renumbering the lines
from the saved file. If no number is entered, the merged file will not be
renumbered.

dev-address is the address of the device in which the saved file resides.

The default is the system default device address (see Device Address
Parameter).
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Notes About MERGE
« This command must be entered character-by-character from the keyboard.

« Omitted parameters must be indicated by consecutive commas. For
example:

MERGE 6,,2,200, ,E80

Omitted new line-num
Omitted KEYx parameter
Example
A sample MERGE command is as shown:
MERGE 6,,4,200,10,E40

In this example, data from file number 6 in the auxiliary tape unit will be
merged with data in the work area. Lines 4-200 from the file will be merged.
As the MERGE command is executed, lines from the saved file are
renumbered, starting with line number 0010. ‘
Another sample MERGE command is:

MERGE 5,KEY4,2,500,, D80
In this example, lines 2 through 500 from file 5 will be merged with the
function key group currently assigned to the 4 key. File number 5 resides on
diskette drive 1 (address D80).

With a file name, the command above could be:

MERGE 5, 'SYSIN’,KEY4,2,500,, D80



PROC COMMAND PROC file-ref [[REC=x][idev-address ]

The PROC command allows you to initiate the use of a procedure file (see
Procedure File in Chapter 3). A procedure file is a record /O file on tape or
diskette that contains BASIC commands, statements, and/or input data. Data
in a procedure file can be used to replace data that is normally entered from
the keyboard (in response to an INPUT statement, for example), or to control
loading and execution of BASIC programs. The syntax of the PROC command
is as shown above, where: '

file-ref can be the file name {enclosed in single quotation marks), the file
number, or both file number and name (see File Reference Parameter).

REC = x specifies the record number to begin the procedure, where x is the
record number. If this parameter is not specified, the procedure starts with
the first record in the file.

dev-address is the address of the tape unit or diskette drive in which the
procedure file resides. The default address is the system default device
address (see Device Address Parameter).

Upon execution of a PROC command, the file with the specified number or ID
(for diskette) on the specified device is accessed for procedure file data. You
can create a procedure file just as you create record | /O data files with a

program or by using the LOADO,DATA command. The PROC command
implicitly opens the procedure file.

Notes About PROC

. The procedure file will remain open while the procedure is active. Do not
access the same file number and device while the procedure is active.

« A procedure file is closed by any error, by a GO END command {in response
to an ALERT command) or by a PROC command embedded within the
procedure that calls another procedure.

» A procedure file can supply data for an INPUT statement only if the RUN
command at the beginning of the program contains the IN=P parameter (see
RUN Command).

. A PAUSE statement within a program executed from a procedure file will
execute the next record of the procedure file.

Example
The following is a sample PROC command.
PROC 3,'DAILY’,D80
Upon execution of this command, the procedure file (named DAILY) in file 3 of

the diskette in drive 1 will be initiated.
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RD= COMMAND

Printed and displayed data can be rounded by using the RD= command to
specify the number of digits to the right of a decimal point. If more digits are
to be printed or displayed, they will be rounded to the number specified. At
power on, rounding is initially set to six digits. Rounding can then be modified
with the RD= command or in the RUN or GO commands. Variables and
computational results are not rounded by this command. The range of rounding
(n) is 1 to 15 digits. Comparison tolerance is changed by the use of the RD=
command. (See Comparison Tolerance in Chapter 3 for more information.) Data
printed with a PRINT USING statement is not affected by the RD= command.



RENUM [KEYx] [,first line-num [,increment]]

RENUM COMMAND

You can use the RENUM (renumber) command to generate new statement
numbers for all the BASIC statements or data in the work area. Like the AUTO
command, renumbering begins with 0010 and the increment is 10, unless
specified otherwise. In addition, all references to statement numbers such as
in GOTO, IF, PRINT USING, GOSUB, and GET are changed to the new
numbers. In function key groups (see LOAD Command), each key group is
renumbered as if it is a separate work area, and is only renumbered if it is a
BASIC program function. (RENUM does not alter the key group header record.)

The syntax of the RENUM command is as shown above, where:
KEYx specifies a key group (x = O to 9) to be renumbered.
first line-num is an integer {1-9989) identifying the number at which
renumbering will begin. If this number is not specified, a beginning number
of 0010 and an increment of 10 are the default values.
increment is an integer specifying the increment for succeeding statement
numbers. Default is 10.
Notes About RENUM
« Statement numbers 9990-9999 are not aitered by a RENUM command.
« An error will occur if you try to renumber where a line number greater than
9989 will be generated.
Example
The following examples shows the execution of a RENUM command:

RENUM 20,10 (then press the EXECUTE key)

Before After

0010 INPUT A, B 0020 INPUT A, B

0011 Q = INT (A/B) 0030 Q = INT (A/B)
0020 IFQ>0 THEN 30 0040 IFQ>0 GOTO 0060
0025 GOTO 10 0050 GOTO 0020

0030 PRINT Q 0060 PRINT Q

0035 GOTO 10 0070 GOTO 0020

0040 STOP 0080 STOP

System Commands
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REWIND [dev-address ]

38

REWIND COMMAND

The REWIND command allows you to rewind the specified tape unit. The
syntax of the REWIND command is as shown above, where:

dev-address i$ the address of the tape unit to be rewound (E80 for the

built-in tape unit or E40 for the auxiliary tape unit). The default is the

system default device address (see Device Address Parameter).
Example

A sample REWIND command is as shown:

REWIND E40



RUN [{i:aipce‘, [PRINT]}] ,EP:D] , [Ro=n] ,[n-P]

RUN COMMAND

The RUN command starts execution of a BASIC program at the lowest
numbered executable statement. The program must already reside in the work
area, and the work area must be defined as containing a BASIC program (see
LOAD Command for loading programs and defining the work area type). BASIC
programs can be run (executed) in three modes:

Normal Mode — All program steps are executed without interruption.

Step Mode — The system stops immediately before executing each program
step (statement). The word STEP and the statement number of the next
statement to be executed are displayed. To execute the next program
statement, or to change execution mode, you must execute a GO command
(see GO Command). Step mode allows you to display or alter variable values
between steps for debug purposes.

Trace Mode — The statement number of each statement executed is
displayed and/or printed while the statement is executed.

Both step and trace modes are useful in locating programming errors. Trace

provides a more rapid view of the program steps as they are executed. Step,
on the other hand, allows you to examine the contents of variables between

program steps and to modify program steps or data.

The syntax of the RUN command is as shown above, where:
STEP specifies step-by-step execution.
TRACE specifies continuous statement execution, but the line number of the
statement just executed is displayed and/or printed. Note that for Normal
mode you do not specify STEP or TRACE.
PRINT specifies that trace messages are pr