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Preface

This publication is a reference manual that provides
specific information about the use of the IBM 5100
Portable Computer, the APL language, and installation
planning and procedures. It also provides information
about forms insertion and ribbon replacement for the
5103 printer. This publication is intended for users of
the 5100 and the APL language.

Prerequisite Publication

IBM 5100 APL Introduction, SA21-9212

Related Publications

® /BM 5100 APL Reference Card, GX21-9214

® APL Language, GC26-3847

Third Edition (May 1976)

This is a major revision of, and obsoletes, the previous edition SA21-9213-1 and Technical
Newsletter SN21-0258.

Changes have been made throughout, so this manual should be reviewed in its entirety.

Requests for copies of 1BM publications should be made to your IBM representative
or the IBM branch office serving your locality.

A form for readers’ comments is at the back of this publication. If the form is

gone, address your comments to IBM Corporation, Publications, Dept 245,
Rochester, MN 55901,

© | nternational Business Machines Corporation 1975, 1976
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Chapter 1. Operation

IBM 5100 PORTABLE COMPUTER OVERVIEW

The 5100 (Figure 1) is a portable computer. The 5100 has a display screen, key-
board, a tape unit, switches, indicator lights, and an adapter for black and white
TV monitors. The display screen and indicator lights communicate information
to the user. The keyboard and switches allow the user to control the operations
the system will perform.

Features available for the 5100 are an auxiliary tape unit, a printer, and a com-
munications adapter.

Display Switches Indicator Lights Switches Adapter for Black and
Screen White TV Monitors

/

)
My

o

Keyboard

Figure 1. I1BM 5100 Portable Computer

Tape
Unit




DISPLAY SCREEN

The display screen (Figure 2) can display 16 lines of information at a time, with w b
up to 64 characters in each line. Input (information supplied by the user) as well

as output (processed information) is displayed. The bottom two lines {lines 1 and

0) of the display contain 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 charac-

ter, the flashing line is replaced by the flashing character. As the 5100 processes

input, all lines of the display are moved up so that information can be entered on

the two bottom lines again. The top lines of the display are lost as the lines are
moved off of the display screen.

SWITCHES

The switches on the 5100 console (Figure 3) are used for turning power on,
restarting the system, and controlling how information is displayed.

Power On or Restart Procedures

The following switches are used when turning power on to the system or re-
starting the system operation.

Line Numbers

r )

15
14
13
12
11
10

©

3+2 <«— Input from the keyboard
5 «——— Qutput

L

_— e Cursor (flashing horizontal line)

O = N WH»OTIO N®

64 character positions ———— )

Normally, to distinguish input from output, input from the key-
board is indented and output is displayed starting at the left edge
of the display screen.

Figure 2. The 5100 Display Screen



BASIC/APL

Only dual-language machines have this switch. The switch setting determines which
language will be in operation when power is turned on or after RESTART is

pressed. If the switch setting is changed after power is turned on or after RESTART

is pressed, the language in operation will not be changed.

Power ON/OFF

When this switch is in the ON position, power is supplied to the system. The
system performs internal checks and becomes ready in 15-20 seconds. When the
switch is put in the OFF position, no power is supplied to the system.

Note: The message CLEAR WS is displayed when the system becomes ready. If
this message is not displayed after 20 seconds, restart the system operation (the
RESTART switch is discussed next).

RESTART

This switch restarts the system operation. When it is pressed, the system performs
internal checks and becomes ready in 15-20 seconds. The message CLEAR WS is
displayed when the system is ready. If the system does not display the message
after 20 seconds, press RESTART again. If the system does not become ready
after several attempts, call your service representative.

The primary uses of this switch are to restart the system operation after a system
malfunction has occurred and to change the language in operation on dual-
language machines.

Note: Any information you had stored in the active workspace (see Chapter 2)
will be lost when RESTART is pressed.

Display Screen Control

The following switches are used to control how the information on the display
screen is displayed.

L32 64 R32

This three-position switch (positions 64, L32, and R32) operates as follows:

® 64 — Characters are displayed in adjacent positions, and up to 64 characters
can be shown on each line.

® | 32 — Characters are displayed in alternate positions (blanks between); only
the left 32 characters of the 64-character lines are shown.

® R32 — Characters are displayed in alternate positions (blanks between); only
the right 32 characters of the 64-character lines are shown.
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REVERSE DISPLAY

( This switch determines whether the display screen will display light characters
on a dark background or dark characters on a light background. The brightness
control may have to be adjusted when the switch setting is changed.

( DISPLAY REGISTERS
This switch is for the service representative’s use when servicing your 5100.

Note: When you use your 5100, this switch must be in the NORMAL position.

(, * KEYBOARD

The 5100 keyboard (Figure 3) has alphameric and numeric keys. The alphameric
keys are grouped together and are similar to those on a typewriter keyboard.
When the keys are pressed, the characters entered appear in the input line (one

of the bottom two lines) on the display screen. If either shift key is pressed and
held, the upper symbol on the key pressed is entered. The top row of alphameric
keys can be used to enter numbers; however, numbers can be conveniently en-
tered using the numeric keys on the right side of the keyboard. The arithmetic
symbols (+ - + x) located on the top row of the alphameric keyboard can also

be entered using keys to the right of the numeric keys.

performed by a typewriter. These keys are discussed in the following text. Uses
of the APL language symbols on the keyboard are discussed in the APL language
chapter (Chapter 4) of this manual.

Attention .
. ATTN

Pressing ATTN (attention) when entering information from the keyboard erases
. everything from the cursor to the end of line 0.

( The keyboard contains some keys that perform operations in addition to those

Pressing ATTN during execution of any expression or user-defined function stops
system operation at the end of the statement currently being processed. To re-
C start the execution of a user-defined function, enter »[]LC.
p

Output that was being generated before the system operation stopped may not be
displayed because there is a delay between the execution of the statement that
causes the output and the actual display of the output.

(”‘ When ATTN is pressed twice during the execution of a statement (either inside or

v outside a user-defined function), the execution of that statement stops as soon as
possible. Also, the message INTERRUPT, the statement, and a caret (A) that
indicates where the statement was interrupted are displayed.




Hold PN

When pressed once, HOLD causes all processing to stop; when pressed again, it
allows processing to resume. The primary purpose of HOLD is to permit reading
the display information during an output operation, when the display is changing
rapidly. When the hold is in effect (HOLD pressed once}, only the COPY DISPLAY
key is active.

Notes:

1. Holding down the CMD key and pressing HOLD is restricted to use by the
service personnel.

2. When the hold is in effect (HOLD pressed once), the use of the arithmetic
keys (+ - + x) on the right side of the keyboard are restricted to use by
service personnel.

Execute

When this key is pressed, the input line of information on the display screen is
processed by the system. This key must be pressed for any input to be processed.

Command

When this key is pressed and held, pressing an alphameric key in the top row *
causes the APL command keyword or character above that key to be entered .

in the input line. The command keywords are: }LOAD, )SAVE, JCONT, )LIB,:.

)FNS, )VARS, JCOPY, JWSID, JOUTSEL, and )REWIND. v

Note: Holding down the CMD key and pressing HOLD is restricted to use by the
service personnel.

Positioning the Cursor and Information on the Display Screen

The following keys are used to position the cursor and information on the display
screen:

Forward Space .
-

When this key is pressed once, the cursor moves one position to the right. When
this key is held down, the cursor continues to move to the right. When the cursor
reaches the last position on one input line (line 1 or 0), it wraps around to the
first position on the other input line.
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Insert

When the CMD key is held down and the forward space key is pressed once, the
characters at and to the right of the cursor position (flashing character) are moved
to the right one position, and a blank character is inserted at the cursor position.
The cursor does not move. For example:
Flashing character
Before the insert operation: 123567

After the insert operation: 1237567

When these keys are both held down, the characters continue to move to the
right and blank characters continue to be inserted.

Note: If there is a character in position 64 of line 0, the insert operation will
not work. :

Backspace .
-

When this key is pressed once, the cursor moves one position to the left. When

it is held down, the cursor continues to move to the left. When the cursor reaches
position 1 on one input line (line 1 or 0), it wraps around to the last position on
the other input line.

Delete -
L

When the CMD key is held down and the backspace key is pressed once, the
character at the cursor position (flashing character) is deleted and all characters
to the right are moved over one position to the left to close up the space. The
cursor is not moved. For example:

Before the delete operation: 12344?/6§

After the delete operation: 123456 _

Flashing character

When these keys are both held down, the characters at the cursor position con-
tinue to be deleted and all the characters to the right are moved to the left.




Lights

Scroll Up

This key (located above the numeric keys) can be used only in execution mode.

When this key is pressed once, each displayed line is moved up to the next line.

As the lines are moved up, the top line is lost as it is moved off the display screen.
When this key is held down, the lines continue to move up.

Scroll Down

This key (located above the numeric keys) can be used only in execution mode.
When the key is pressed once, each displayed line is moved to the next lower line.
As the lines are moved down, the bottom line is lost as it is moved off the display
screen. When this key is held down, the lines continue to move down.

Copy Display
X

If there is a 5103 Printer, when the CMD key is held down and this key is pressed
once, all the information presently on the display screen is printed. COPY
DISPLAY is operational even when the system is in the hold state (the HOLD
key has been pressed once).

Note: The L32 64 R32 switch has no effect on what will be printed.

INDICATOR LIGHTS

The 5100 console (Figure 3) has the ‘following indicator lights:

Process Check

When on, this light indicates that a system malfunction has occurred. In this case,
press the RESTART switch to restart the system operation. [f the system opera-
tion cannot be successfully restarted after several attempts, call your service repre-
sentative.



In Process

When the system is processing input, generally the display screen is blank and the
IN PROCESS light is on. After the input is processed, the light goes off, the out-
put and flashing cursor are displayed, and the system waits for input.

Notes:

1. For some expressions or user-defined functions (see Chapter 5), output is
generated before thg expression or function has completed execution. In such
cases, even though the system is still processing data, the IN PROCESS light
goes off and the output is displayed. The flashing cursor is again displayed
when the system has finished processing the input (the expression or function
has completed execution).

2, If the display screen is blank {no data or cursor is present) and the
IN PROCESS light is off, check the brightness control before calling
your service representative.
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Chapter 2. System Commands
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SYSTEM OVERVIEW

The 5100 contains an active workspace, which is the part of internal storage where
the user’s data and user-defined functions (programs) are stored. When the power
is turned off or the RESTART switch is pressed on the 5100, all the data in the
active workspace is lost. However, the contents of the active workspace can be
saved on tape (stored workspace) and then read back into the active workspace
for use at a later time (see System Command Descriptions in this chapter). The
contents of the active workspace then exist in both the active workspace and on
tape.

The tape is your library; that is, it is a place where you can store data for later
use. Before a tape can be used, it must be formatted. A formatted tape contains
one or more files where data can be stored. Each file has a file header, which con-
tains information about the file. See the )LIB system command in this chapter

for a description of the file header.

The system commands, which are used to control and provide information about
the system, are discussed next. :

SYSTEM COMMAND DESCRIPTIONS

The following list shows how system commands are used to control and provide
information about the various parts of the system. Each system command is
described in detail later in this chapter.

Commands that Control the Active Workspace

Command Meaning

JCLEAR Clear the active workspace.

)COPY Copy stored objects (see note 1) into the active workspace.
JERASE Erase global objects (see note 1) from the active workspace.
JLOAD Replace the active workspace with a stored workspace.

)PCOPY Copy stored objects (see note 1) into the active workspace and pro-

tect objects in the active workspace from being destroyed.
)SYMBOLS Change the number of symbols allowed in the active workspace.

)JWSID Change the active workspace 1D.



Commands that Control the Library (Tape)

Command

JCONTINUE

)JDROP
JMARK

JSAVE

Meaning

Write the contents of the active workspace on tape. The active
workspace can contain suspended functions.

Drop a tape file.
Format the tape.

Write the contents of the active workspace on tape. The active
workspace cannot contain suspended functions.

Commands that Provide Information About the System

Command
JFNS
JLIB

)SI

)SIv

)SYMBOLS

)JVARS

JWSID

Meaning

Display the names of the user-defined functions.
Display workspace file headers.

Display the state indicator.

Display the state indicator and local names.

Display the number of symbols allowed and used in the active
workspace.

Display the names of the global variables.

Display the active workspace ID.

Other Commands that Control the System

Command

)JMODE

JOUTSEL

JPATCH

JREWIND

Notes:

Meaning
Place the 5100 in communications mode.
Select printer output.

Apply IMFs (internal machine fix) to the system or recover
data after a tape error.

Rewind the tape.

1. Objects refers to both user-defined functions and variables.

2. The system commands JCONTINUE, JCOPY, JPCOPY, )DROP, }LOAD, MARK,
JREWIND, and )SAVE will blank the top 8 or 9 lines on the display screen when

they are used.

1
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All system commands {and only system commands) have as their first character
a right parenthesis. Each system command must begin on a new line. Para-
meters (required or optional information) for the system commands must be L
separated by blanks. System commands cannot be used within APL instructions

and cannot be used as part of a function definition {function definition is dis-

cussed in Chapter 6).

System commands can be entered two ways:

1. The system command can be entered one character at a time from the
keyboard.

2.  The system commands )LOAD, )SAVE, )JCONT, )LIB, )FNS, )VARS, )COPY,
JWSID, JOUTSEL and JREWIND can be entered in one operation by holding
the CMD key while pressing the top-row key just below the label of the
command you want.

The parameters, if required, must be entered and the EXECUTE key pressed before
any operation will take place. Following is an explanation of terms and symbols
used as parameters for system commands:

® Device/file number specifies the tape unit and file to be used. The built-in tape
unit is tape unit 1 and the auxiliary tape unit is tape unit 2. |f the value speci-
fied is less than four digits, tape unit 1 is assumed and the value specified re-
presents only the file number. If the value specified is four digits, the right-
most three digits specify the file number and the leftmost digit specifies the
tape unit. For example:

Device/File Number Meaning
1 Tape 1, file 1
02 Tape 1, file 2
2002 Tape 2, file 2

® Workspace ID is any combination of up to 11 alphabetic or numeric characters
(with no blanks); however, the first character must be alphabetic. |If more than
11 characters are entered, only the first 11 are used.

® Password is any combination of up to eight alphabetic or numeric characters
(with no blanks). If more than eight characters are entered, only the first
eight are used.

® Objectis a user-defined function or variable name.

® Parameters enclosed in brackets can be optional in certain cases.



The JCLEAR Command

The JCLEAR command clears the active workspace. A cleared workspace has
no valid name and contains no user-defined variables or functions and no data.
The workspace attributes are set to:

Index origin -1
Workspace identification — CLEAR WS
Comparison tolerance — 1E713
Printing width — 64

Printing precision )

Random number seed — 16807
Data printed — ALL
Symbols - 125

When the command is successfully completed, CLEAR WS is displayed.

Syntax
JCLEAR

There are no parameters.

The JCONTINUE Command

The JCONTINUE command, using the specified workspace 1D, stores the contents
of the active workspace onto tape without changing the active workspace. Primarily,
this command stores active status, such as suspended functions, so an operation can
be resumed later on the same or a similar machine. When the command is
successfully completed, CONTINUED device/file number workspace 1D is displayed.

The JCONTINUE command on the 5100 is similar in function and format to the
)SAVE command (except as noted below) and is distinguished from the JCONTINUE
command on IBM APLSV.

Notes:

1. A clear workspace cannot be written on tape.

2. A workspace with suspended functions can only be written on tape using the
JCONTINUE command (it cannot be written to tape using the }SAVE com-
mand).

3. JCOPY and )PCOPY commands cannot specify stored workspaces that were
written on tape using the JCONTINUE command.

4. A stored workspace written to tape using the JCONTINUE command cannot be
loaded into a 5100 active workspace that is smaller than the original active
workspace.

5. If a stored workspace that was written to tape using the JCONTINUE command
is loaded into another 5100 with a larger active workspace, the workspace
available (see the [JWA system variable in Chapter 5) is the same as when the
workspace was written to tape.

6. i ATTN is pressed during a JCONTINUE operation, the system operation is
interrupted and the file is set to unused.

13
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7. Shared variable execution status can be stored by using the JCONTINUE
command. A subsequent JLOAD allows the user to resume execution if the
media is restored to the same condition as when the workspace was stored
using JCONTINUE (that is, the tape containing the shared variable cannot be
repositioned or placed on a different drive).

8. If a workspace stored with the JCONTINUE command has an open shared
variable or a suspended function, the [JLX system command will not be
executed when the workspace is loaded.

9. Workspaces are stored and loaded into the active workspace faster using the
JCONTINUE command than using the }SAVE command. _

10. IMFs are not stored by )JCONTINUE. If an IMF is required for operation of
the stored workspace, it should be reapplied by the )PATCH command (if
the IMF is not already in the system) before the workspace is reloaded.

Syntax

JCONTINUE [device/file number] [workspace 1D] [:password].

where:

device/file number (optional) is the number of the tape unit and file on the
tape where the contents of the active workspace are to be written. If no de-
vice/file number is specified, the device/file number from which the active
workspace was loaded or specified by a previous )WSID command is used.

workspace |D (optional) is the name of the workspace to be stored. This

name must match the workspace D of both the active workspace and the

file to be used on the tape, unless the file is marked unused. If the file is
marked unused, the active workspace |ID and tape file workspace |D are changed
to this workspace ID. If no name is specified in the command, the name of
the active workspace is used.

:password (optional) is any combination of up to eight alphabetic or numeric
characters {without blanks), preceded by a colon. This sequence of characters
must be matched when the stored workspace is to be read back into the active
workspace. |f no workspace ID or password is entered, the password associa-

ted with the active workspace (if any) is assigned to the workspace being

stored. |f just the workspace ID and no password is entered, any password associated
with the active workspace is not used.

The )COPY Command

The )JCOPY command copies all or specified global objects from a stored work-
space to the active workspace. Only objects in stored workspaces that were
written on tape with the )SAVE command can be copied. When the command
is successfully completed, COPIED device/file number workspace |D is displayed.

Notes:
1. If the active workspace contains suspended functions, objects cannot be copied
into it.

2. If the ATTN key is pressed during a JCOPY operation, the system operation is
interrupted and the amount of information copied into the active workspace
is unpredictable.



Syntax

JCOPY device/file number workspace ID :password [object name(s)]

where:

device/file number is the number of the tape unit and workspace file the ob-
jects are copied from.

workspace ID is the name of the stored workspace on tape.

:password is the security password assigned by a previous JWSID or )SAVE
command. If no password was assigned previously, a password cannot be
specified by this command.

object name(s) (optional) is the name of the global object(s) to be copied from
the designated stored workspace. If this parameter is omitted, all global ob-
jects in the designated stored workspace are copied.

The )DROP Command

The )DROP command marks a specified file unused. After the file has been
marked unused, the data in the file can no longer be read from the tape. When
the command is successfully completed, DROPPED device/file number file 1D is

displayed.

Syntax

)DROP device/file number [file 1D]

where:

device/file number is the number of the tape unit and the file on the tape.

file ID (optional) is the name of the stored workspace file to be marked unused.
If the file number specified is a data file, any file 1D specified is ignored.

The JERASE Command

The )JERASE command erases the named global objects from the active work-
space. There is no message displayed at the successful completion of the com-
mand.

Notes:
1. When a pendent, function (see Chapter 7) is erased, the response S| DAMAGE

is issued.
2. If the object being erased is a shared variable (see Chapter 8), the shared vari-

able will be retracted.
3. Even after the object is erased, the name remains in the symbol table (the

part of the active workspace that contains all the symbols used).
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Syntax
JERASE object name(s)
where:

object name(s) are global names separated by blanks.

The )FNS Command
The )FNS command displays the names of all global user-defined functions in the
active workspace. The functions are listed alphabetically. If the character para-
meter is specified, the names are displayed beginning with the specified character

or character sequence.

Note: You can interrupt the )FNS command by pressing the ATTN key.

Syntax
JFNS [character(s)]
where:
character(s) (optional) is any sequence of alphabetic and numeric characters

that starts with an alphabetic character and contains no blanks. This sequence
of characters determines the starting point for an alphabetic listing.

The )LIB Command

The )LIB command displays the file headers of the files on tape (library). The
file header contains the following information:

® File number. The files on tape are numbered sequentially, starting with 1.

® File ID. The file ID can be from 1 to 17 characters. If the file contains a
stored workspace, the file ID is the same as the stored workspace 1D.

® File type. The file type is a 2-digit code; the following chart gives the mean-
ing of each code:

File Type Description

00 Unused file

01 Exchange data file (see Chapter 8)

02 General exchange data file (see Chapter 8)
03 BASIC source file

16



File Type Description

04 BASIC workspace file

06 BASIC keys file

06 APL continued file (see )CONTINUE command in this
chapter)

07 APL saved file (see }SAVE command in this chapter)

08 APL internal data format file (see Chapter 8)

16 Patch, tape recovery, and tape copy file

17 Diagnostic file

19 IMF file

72 Storage dump file

® Size of the file. The files are formatted in increments of 1024-byte blocks of
storage.

® Number of unused contiguous 1024-byte blocks of storage in the file.

® Number of defective records (512-byte blocks) in the file; an asterisk (*) is
displayed if there are more than nine defective records.

Note: This value can indicate when you should relocate a file to avoid loss of
data due to defective areas on the tape.

Following is an example of a file header:

00& FILES 07 010,001 0
File type ___I
Size of the file

Available storage

Number of defective records

File ID

File number

The )LIB command operation can be interrupted by pressing the ATTN key.

17



Syntax
)LIB [device/file number]
where:

device/file_number (optional) is the number of the tape unit and the starting
file number. All file headers from that file to the end of the tape are displayed.
If no entry is made, the display begins with the first file following the file you
are currently positioned at on tape unit 1. For tape unit 2, the entry 2000 will
display the file headers beginning with the first file following the file you are
currently positioned at on tape unit 2.

The )LOAD Command

The )LOAD command loads the contents of a stored workspace from the tape
into the active workspace, completely replacing the contents that were in the
active workspace. When the command is successfully completed, LOADED
device/file number workspace |D is displayed.

Note: If the ATTN key is pressed during a load operation, the system operation
is interrupted and the active workspace is cleared.

Syntax

JLOAD device/file number workspace 1D :password

where:

device/file number is the number of the tape unit and the number of the file
on the tape.

workspace 1D is the name of the stored workspace.

:password is the security password assigned to the stored workspace by a pre-
vious )WSID, JCONTINUE, or )SAVE command. If no password was pre-
viously assigned, a password cannot be specified. If a password was assigned
to the stored workspace but is not specified, or if it is incorrectly specified
for this command, the error message WS LOCKED is displayed.

The YMARK Command

The )MARK command formats the tape so that the active workspace or data
can be saved on it. Each )JMARK command formats a specified number of files
to a specified size. Additional files of different sizes can be formatted by using
additional ]MARK commands.

When the operation is successfully completed, MARKED
number of the last file marked size of the last file marked is displayed.

18



Notes:
. 1. The ATTN key is not operative during the J]MARK command operation.
(( 2. If the message ALREADY MARKED is displayed after a )MARK command
was issued, the specified file already exists on the tape. To re-mark the
specified file, enter GO. If the file is not to be re-marked, press EXECUTE

to continue.
) CAUTION
( If an existing file on tape is re-marked, the original information in the re-marked
h file and the existing files following the re-marked file cannot be used again.
Syntax
(”’“ )JMARK size number of files to mark starting file number [device]
where:

size is an integer specifying the size of each file in 1024-byte (1K) blocks of
storage.

The following formulas can be used to determine what size a file should be

marked. The formula for a workspace file (the contents of the active workspace
- written to tape with a }SAVE or JCONTINUE command) is

MAXSIZE= 3+] (CLEAR-ACTIVE)+1024, where:

® MAXSIZE is the maximum amount of tape storage (number of 1024-byte
blocks) that would be required to write the contents of the active workspace

(: to tape.

® CLEAR is the value of [JWA (see Chapter 5) in a clear workspace.

® ACTIVE is the value of [JWA just before the contents of the active workspace
are written to tape.

The formula for a data file (data written to tape using an APL shared variable
—see Chapter 8) when all of the data is contained in the active workspace is

MAXSIZE=T (WITHOUT-WITH) 1024, where:

® MAXSIZE is the maximum amount of tape storage (number of 1024-byte
blocks) required to write the data to tape.

( ® WITH is the value of [JWA (see Chapter 5) with the data in the active work-
space.

® WITHOUT is the value of [JWA before any data to be written to tape was
stored in the active workspace.

( There is no formula for determining what size to mark a data file when the data
- is written to tape as it is entered from the keyboard. The amount of tape storage
required depends upon how much data is entered from the keyboard and what
type of data is used. For information on how many bytes of storage are required
by the various types of data, see Storage Considerations in Chapter 9.

' ' Note: The file header for each marked file requires 0.5K bytes of storage. There-
- fore, the number of bytes of tape storage required for each file is the specified size
of the file plus 0.5K.
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JOUTSEL

number of files to mark is an integer specifying the number of files of the
specified size to format.

starting file number is an integer specifying the file number where formatting
is to start.

Ay

device (optional) specifies the tape unit that contains the tape to be formatted.
An entry of 1 specifies tape unit 1 and 2 specifies tape unit 2. If no entry is
made, tape unit 1 is assumed.

To format a tape for four 12K files, two 16K files, and three 10K files, the
following commands are required:

JMARK 12 4 1

JIMARK 16 2 5>Starting file number

JMARK 10 3 7

The YMODE Command
The )MODE command is used to load the 5100 communications program or 5100
serial 1/0 adapter program from a tape mounted in tape drive 1. When the system
is in communications mode, APL is no longer available. For more information on
the communications feature or the serial 1/O adapter feature, see /BM 5100

Communications Reference Manual, SA21-9215, or IBM 5100 Serial 1/0 Adapter
User’s Manual, SA21-9239, respectively.

Syntax

JMODE COM

The JOUTSEL Command

The JOUTSEL command specifies which data on the display will go to the printer.

Syntax
JOUTSEL [option]
where:
option is one of the following:

® When ALL is specified, all subsequent information that is displayed will be
printed.

® When OUT is specified, only the output is sent to the printer; input is dis-
played, but it does not go to the printer.

® When OFF is specified, none of the information displayed is printed, unless
it is assigned to an APL shared variable used by the printer (see Chapter 7).

If no parameter is specified, ALL is assumed. After a JLOAD or JCLEAR com-

mand or when the machine is first turned on, the ALL option is active.
20



The )PATCH Commqnd

The following is a list of the uses of this command. This command is used in con-
junction with specially devised programs on the customer support cartridge supplied
with the 5100. The uses are described in detail, following the list:

Copy IMFs (internal machine fix), the Copy IMF program, and the Load IMF
program onto another tape cartridge.

Load IMFs for the system program into the active workspace, then make the APL
language available again.

Display the EC version of each interpreter module.

Recover data on tape when tape read errors (ERROR 007 ddd—see Chapter 11)
occur during use of one of the following files:

1.  Exchange (file type 01)
2.  General exchange (file type 02)
3. BASIC source (file type 03)

4.  APL internal data format (file type 08)

@ Copy the contents of one tape cartridge to another tape cartridge.

The customer support cartridge contains the following files:

File 1. The programs that copy or load IMFs and the program that displays
interpreter module EC versions.

File 2. The IMFs for the 5100.
File 3. The Tape Recovery program.
File 4. The Tape Copy program.

File 5. APL aids. This is a saved workspace file (WSID=APLAIDS) that con-
tains the following four functions:

1. AATRACE—Traces all the statements in a specified user-defined function.

2. AATRACEALL—Traces the first executable statement of each user-
defined function currently in the active workspace.

3. AATRACEOFF—Turns off all tracing.

4, AASHARED—Displays the shared variable names currently in the active
workspace.

The A ATRACE function requires as its right argument the name of the user-
defined function to be traced enclosed in single quotes. The other functions
do not require any arguments.
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This workspace file also contains the following five variables that describe the func-
tions in the workspace:

1.

2.

3.

4.

5.

DESCRIBE
DESCRIBEAATRACE
DESCRIBEAATRACEALL
DESCRIBEA ATRACEOFF

DESCRIBEA ASHARED

These functions and variables can be copied into the active workspace using the
JCOPY command. For example, to copy the A ATRACE function into the active
workspace:

JCOPY 3 APLAING AATRACE

Note: The )PATCH command is not required for using the functions in file 5.

When the )PATCH command is used with the tape cartridge inserted in tape drive 1,
the following options are displayed:

ENTER OPTION NO.
COPY IMF TAPE
LOAD IMF’S

DISP EC VER.
KEY-ENTER IMF
END OF JOB
TAPE RECOVERY
TAPE COPY PGM

NogahRwwN

Flashing Cursor




To select an option, enter an option number (the tape cartridge must be inserted in
tape drive 1). If an option number other than those displayed is entered, the op-
tions will be displayed again. Once the option number has been entered, additional
prompting messages might be displayed for the selected option.

Option 1. Copy IMF Tape

The Copy IMF Tape option allows the following files to be copied from the tape:

® File 1, which contains the Copy IMF program, Load IMF program, and Display
EC Version program.

® Fiie 2, which contains the IMFs for the 5100. The IMFs can be copied from the
file as follows:

1. Copy all IMFs that apply to APL.
2. Copy all IMFs for APL that apply to the 5100 being used.
3. Copy specific IMFs by problem number.

4, Copy specified IMFs by problem numbers that apply to the 5100 being
used. (Ifa problem number is specified that does not apply to the 5100
being used, it is not copied.)

Note: The tape onto which files 1 and 2 are to be copied must be marked before
the copy operation is done. Use the )LIB command to determine what size the
files should be marked.

The Copy IMF Tape program will issue prompting messages and wait for the user
to respond to each message.

Copying IMFs allows tape cartridges containing only the IMFs that apply to your
5100 to be created.

Option 2. Load IMFs

The Load |MFs option allows IMFs to be loaded into the system program and then
makes the APL language available again. IMFs can be loaded as follows:

® | oad all IMFs that apply to the 5100 being used.

® | oad specified IMFs by problem numbers that apply to the 5100 being used.
(If a problem number is specified that does not apply to the 5100 being used, it
is not loaded.)

The Load IMFs program will issue prompting messages and wait for the user to respond
to each message.

Note: The IMFs occupy storage (space) in the active workspace and can also reduce
the performance of your 5100 significantly; therefore, IMFs should not be applied
to your 5100 if the problem does not affect your operation or if the problem can be
circumvented by an APL statement or command. The IMFs will remain in the active
workspace until the power is turned off or RESTART is pressed.
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Option 3. Disp EC Ver.

/~

The Disp EC Ver. option is primarily for your service representative’s use. This
option will display a 4-digit code for each interpreter module. The first two digits
are the module identification and the next two digits are the EC version.

The EC Version program will issue prompting messages and wait for the user to
respond to each message.

Option.4. Key-Enter IMF

This option allows the service representative to enter IMFs from the keyboard. The
IMF is then written to file 2 on the tape containing the IMFs. The IMF can then be
loaded or copied from the tape. >

Option 5. End of Job

This option causes the APL language to be available again.

Option 6. Tape Recovery

The Tape Recovery option allows the user to recover data from a file or files on
which tape read errors (ERROR 007 ddd) are occurring. The Tape Recovery Pro-
gram can be used on the following files:

® Exchange (file type 01)

® General exchange (file type 02)

® BASIC source (file type 03)

® APL internal data format (file type 08)

The Tape Recovery program will issue prompting messages and wait for the user to
respond to each message.

The Tape Recovery program will recover as much data as possible in the file; some of
the data in the record where the tape read errors occur is not recoverable; some of
the data that precedes and follows that record may aiso not be recoverable.
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Option 7. Tape Copy Program

The Tape Copy option allows you to copy the contents (up to the end of marked
tape) of one cartridge to another cartridge. Tape copy can utilize the auxiliary tape
drive, if available. Tape copy also marks the tape being copied to.

Tape copy issues prompts and waits for you to respond to each prompt.

Syntax

The

)JPATCH

There are no parameters.

)JPCOPY Command

The )PCOPY command copies all or specified global objects from a stored work-
space into the active workspace. It is the same as the JCOPY command, except
that if the object name already exists in the active workspace, it is not copied from
a stored workspace. Therefore, the object in the active workspace is protected
from being overlaid and destroyed. Only objects in stored workspaces that were
written on tape with the )SAVE command can be copied.

When the command is successfully completed, COPIED device/file number
workspace 1D is displayed.

Notes:
1. If the active workspace contains suspended functions, objects cannot be copied
into it.

2. If the ATTN key is pressed during a JPCOPY operation, the system operation is
interrupted and the amount of information copied into the active workspace is
unpredictable.

3. If the specified object name already exists in the active workspace, the message
NOT COPIED:object name is also displayed.

Syntax

)PCOPY device/file number workspace ID :password [object name(s)]

where:

device/file number is the number of the tape unit and the stored workspace file.

workspace 1D is the name of the stored workspace on the tape.

:password is the security password assigned by the previous )WSID or }SAVE
command. [f no password was assigned, a password cannot be specified by
this command.

object name(s) {optional) is the name of the giobal object(s) to be copied from
the designated stored workspace. If omitted, all global objects in the designated
stored workspace are copied, except those already in the active workspace (if
any).
25




The )REWIND Command

The )REWIND command rewinds the specified tape. There is no message displayed
at the successful completion of this command. '

Syntax

)JREWIND [device number]

where:

device number (optional) is the tape (on drive 1 or 2) to be rewound. If the para-
meter is omitted, tape 1 is rewound.

The )SAVE Command

The )SAVE command stores the contents of the active workspace onto tape with-
out changing the contents of the active workspace. The stored workspace can be
loaded or copied on a machine with a larger or a smaller active workspace. Also,
individual global objects can be copied from the stored workspace to the active
workspace. When this command is successfully completed, SAVED

device/file number workspace ID is displayed. Do not remove the tape until
this message is displayed.

Notes:

1. A clear workspace or a workspace with suspended function cannot be written on
tape using the }SAVE command; however, a workspace with suspended functions
can be written to tape using the )CONTINUE command.

2. The )COPY and )PCOPY commands can specify stored workspaces that were
written on tape only if the )SAVE command was used.

3. Depending on the amount of data in the stored workspace, a stored workspace
that was written to tape using the }SAVE command can be loaded into another
5100 with a smaller active workspace.

4, 1f ATTN is pressed during a )SAVE operation, the system operation is interrupted
and the file is set to unused.

5. No open shared variables are stored in a }SAVE operation. Open shared variables
are stored with the )CONTINUE command.

6. IMFs are not stored by the )SAVE operation. If an IMF is required, it is necessary
to reload the IMF by using the }PATCH command (if the IMF is not already in
the system) before the stored workspace is reloaded.
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Syntax

)SAVE [device/file number] [workspace ID] [:password]

where:

device/file number (optional) is the number of the tape unit and file on the
tape where the contents of the active workspace are to be written. If no
device/file number is specified, the device/file number from which the active
workspace was loaded or which was specified by a previous JWSID command
is used.

workspace ID (optional) is the name of the workspace to be stored. This
name must match the workspace ID of both the active workspace and the file
to be used on the tape unless the file is marked unused. If the file is marked
unused, the active workspace and tape file workspace ID will be changed to
this workspace ID. If no name is specified in the command, the name of the
active workspace is used.

:password (optional) is any combination of up to eight alphabetic or numeric
characters (without blanks), preceded by a colon. This sequence of characters
must be matched when the stored workspace is to be read back into the active
workspace. If no workspace ID or password is entered, the password associated
with the active workspace (if any) is assigned to the workspace being stored.

If just the workspace ID and no password is entered, any password associated
with the active workspace is not used.

The )SI Command

The )SI command displays the names of the suspended and pendent user-defined
functions (see State Indicator in Chapter 7). The suspended functions are indicated
by an ¥, with the most recently suspended function listed first, followed by the
next most recently suspended function, and so on.

Syntax

)SI

There are no parameters.

The )SIV Command

The )SIV command displays the names of the suspended and pendent user-
defined functions (see State Indicator in Chapter 7) and the names local to
each function. ‘The suspended functions are indicated by an *, with the most
recently suspended function listed first, followed by the next most recently
suspended function, and so on.
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Syntax
)SIV

There are no parameters.

The }SYMBOLS Command

The )SYMBOLS command is used to change or display the number of symbols
(variable names, function names, and labels) allowed in the active workspace. The
number of symbols allowed can only be changed immediately after a)CLEAR com-
mand has been issued. In a clear workspace, the number of symbols allowed is
initially set to 125 by the 5100. When the command is used to display the number
of symbols allowed, IS the number of symbols allowed, number of symbols used

IN USE is displayed. When the command is used to change the number of symbols
allowed, WAS the former number of symbols allowed is displayed.

Note: When a stored workspace is loaded into the active workspace, the number
of symbols allowed in the active workspace will be the same as when the stored
workspace was written to tape.

Syntax
)SYMBOLS [n]
where:

n (optional) is an integer equal to or greater than 26 that specifies the number of
symbols allowed in the active workspace. Each symbol allowed requires eight bytes
of storage in the active workspace.

Notes:

1. The number of symbols allowed is assigned in blocks of 21; therefore the
actual number allowed can be larger than the number specified.

2. When a symbol is used in the active workspace, it remains in use even though the
object is erased or, in the case of "VALUE ERROR"’, never existed. When the
active workspace is written to tape with the }SAVE command and subsequently
reloaded, these unused names are removed from the symbol table; and the number
of symbols in use will be the same as the number of objects in the workspace.

3. The total number of allowed symbols remains the same after writing the werk-
space to tape with a )SAVE or JCONTINUE command and reloading the work-
space to the active workspace. The number of symbols in the active workspace
can be changed as follows:

a. Save the active workspace with the )SAVE command.

b. Clear the active workspace with the JCLEAR command.

c. Set the new number of symbols with the )SYMBOLS command.

d. Copy the stored workspace to the active workspace with the )COPY
command.
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The )VARS Command
The }VARS command displays the names of all global variables in the active work-

space. The variables are displayed alphabetically. If the character parameter is
included, the names are displayed beginning with the specified character sequence.

Syntax

)VARS [character(s) ]

where:

character(s) (optional) is any sequence of alphabetic and numeric characters that
starts with an alphabetic character and contains no blanks. This entry can be
used to define the starting point for an alphabetic listing.

The )WSID Command

The )WSID {(workspace ID) command is used to change or display the tape device/

file number and workspace ID for the file where the active workspace contents will

be written if either a }SAVE or a )JCONTINUE command is used. The )WS!ID com-
mand is also used to change or assign the security password. When the )WSID com-
mand is issued without any parameters, device/file number workspace D is dis-
played. When the YWSID command is issued with parameters, WAS device/file number

workspace |D is displayed.

Note: The )WSID command only affects the active workspace; it cannot be used
to change any information on tape.

Syntax

)WSID [device/file number] [workspace 1D] [:password]

where:

device/file number (optional} is an integer that specifies the device/file number
where the active workspace will be stored when either the )JSAVE or JCONTINUE
command is issued.

Note: |f this parameter is omitted, the device/file number is cleared; a }JSAVE or
JCONTINUE command will not work unless a device/file number is specified in
that )SAVE or JCONTINUE command:

workspace 1D (optional) will be the new name for the active workspace. This
parameter must be entered if any other parameter is used.

password (optional) is any combBination of up to eight alphabetic or numeric
characters (without blanks), preceded by a colon. These characters will become
the security password for the tape file when the active workspace is written on
tape.
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Chapter 3. Data

Data

'H‘\. J’
VARIABLES
You can store data in the 5100 by assigning it to a variable name. These stored
items are called variables. Whenever the variable name is used, APL supplies the
data associated with that name. A variable name can be up to 77 characters in
length with no blanks; the first character must be alphabetic and the remaining
characters can be any combination of alphabetic and numeric characters. Variable
names longer than 77 characters can be used, but only the first 77 characters are
significant to APL. The < (assignment arrow) is used to assign data to a variable:
LENGTHeA
WINTH8
AREAELENGTHXWIDTH *
To display the value of a variable, enter just the variable name: -
LENGTH
&
WIDTH
8
AREA
L&

DATA REPRESENTATION

Numbers

30

The decimal digits O through 9 and the decimal point are used in the usual way. The
character ~, called the negative sign, is used to denote negative numbers. It appears
as the leftmost character in the representation of any number whose value is less
than zero:

The negative sign, —, is distinct from - (the symbol used to denote subtraction) and
can be used only as part of the numeric constant.



o

Scaled Representation (Scientific Notation)

You can represent numbers by stating a value in some convenient range, then mul-
tiplying it by the appropriate power of ten. This type of notation is called scaled
representation in APL. The form of a scaled number is a number (multiplier) followed
by E and then an integer (the scale) representing the appropriate power of 10. For

example:
Number Scaled Form
Multiplier
66700 6.67E4
Scale
.00284 2.84E73

The E (E can be read times ten to the) in the middle indicates that this is scaled form;
the digits to the right of the E indicate the number of places that the decimal point
must be shifted. There can be no spaces between the E and the numbers on either

side of it.

Numeric Value Range

Numeric values in the 5100 can range from ~7.237005577332262E75 to
7.237005577332262E75. The smallest numeric value the 5100 can use is
+5.397604346934028E "79.

Numeric Value Precision

Numbers in the 5100 are carried internally with a precision of 16 significant
digits.

Character Constants

Zero or more characters enclosed in single quotes, including overstruck characters
(see Appendix B) and blank characters (spaces), is a character constant. The quotes
indicate that the, characters keyed do not represent numbers, variable names, or
functions, but represent only themselves. When character constants are displayed,
the enclosing quotes are not shown:

"ARCDEFG'
ABCDEFG
T123ARCT
123ARC
Me ' THE ANSWER 16:°
M
THE ANSWER 16:

When a quote is required within the character constant, a pair of quotes must be

entered to produce the single quote in the character constant. For example:

"DON''T GIVE THE ANSWER AWAY'
DON'T GIVE THE ANSWER AWAY
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Logical Data

Logical (Boolean) data consists of only ones and zeros. The relational functions 1{ i.
(> 2= < <#) generate logical data as their result; the result is 1 if the condition was -
true and O if the condition was false. The output can then be used as arguments

to the logical functions (AAVV~) to check for certain conditions being true or false.

Logical data can also be used with the arithmetic functions, in which case it is

treated as numeric 1’s and 0’s.

SCALAR

A single item, whether a single number or single character constant, is called a scalar.
It has no coordinates; that is, it can be thought of as a geometric point. The follow-

ing are examples of scalars:

Scalar
Arrays

132.3
132.3

e
A

Scalars can be used directly in calculations or can be assigned to a variable name.
The variable name for the scalar can then be used in the calculations:

2x3
é

A

Bed

A+E
5
ARRAYS

Array is the general term for a collection of data, and includes scalars (single data
items), vectors (strings of data), matrices (tables of data), and arrays of higher
dimensions (multiple tables). All primitive (built-in) functions are designed to handle
arrays. Some functions are designed specifically to handle arrays rather than scalars.
Indexing, for example, can select certain elements from an array for processing.
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One of the simplest kinds of arrays, the vector, has only one dimension; it can be
thought of as a collection of elements arranged along a horizontal line. The num-
bers that indicate the positions of elements in an array are called indices. An element
can be selected from a vector by a single index, since a vector has only one dimen-
sion. The following example shows assigning a numeric and a character vector to two
variable names, N and C; the names are then entered to display the values they re-
present:

MNel 6.2 73 888 925,12
N
9 4.2 T3 888 95,12
Ce ' ARCDEFG®
e

ARCIEFG

Generating Arrays

The most common way to generate an array is to specify the following: the shape
the array is to have—that is, the length of each coordinate; the values of the ele-
ments of the new array. The APL function that forms an array is the reshape
function. The symbol for the reshape function is p. The format of the function
used to generate an array is XpY, where X is the shape of the array and Y represents
the values for the elements of the array. For the left argument (X), you enter a
number for each coordinate to be generated; this number indicates the length of

the coordinate. Each number in the left argument must be separated by at least one
blank. The values of the elements of the new array are whatever you enter as the
right argument (Y). The instruction 70 A means that the array to be generated has
one dimension (is a vector) seven elements in length, and that seven values are to

be supplied from whatever values are found stored under the name A. It does not
matter how many elements A has, as long as it has at least one element. If A has
fewer than seven elements, its elements are repeated as often as needed to provide
seven entries in the new vector. |If A has more than seven elements, the first seven
are used. The following examples show generation of some vectors:

Tel 2 3
1231231

2p123
23 133

el 3

1.3 1.3 1.3 1.3 1.3

An array with two coordinates (rows and columns) is called a matrix.

Columns
P, R

1 2 3 4

5 6 7 9 Rows
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To generate a matrix, you specify X (left argument) as two numbers, which are the
lengths of the two coordinates. The first number in X is the length of the first co-
ordinate, or number of rows, and the second number is the length of the second
coordinate, or number of columns. The following example shows how a matrix is
generated:

Me2 3pl 2 3 4 05 6

(]
1 23
b5 &
Me? W  ARCOEFGH'
M
ARBCD
EFGH
Mie2 3pM
Ml
AkC
NEF

Note that the values in the right argument are arranged in row order in the arrays. If
the right argument has more than one row, the elements are taken from the right
argument in row order.

The rank of an array is the number of coordinates it has, or the number of indices
required to locate any element within that array. Scalars are rank 0. Vectors have
arank of 1, matrices have a rank of 2, and N-rank arrays have a rank from 3 to 63
(where N is equal to the rank). N-rank arrays, like matrices, are generated by
providing as the left argument a number indicating the length for each coordinate
(planes, rows, and columns). The following examples show how to generate
3-rank arrays. Note that the elements taken from the right argument are arranged
in row order:

A ARCDEFGHI JKLMNOPORSTUVWXYZ®

203 hoh
ARCT \
EFGH ___ 2-plane, 3-row, 4-column array
T UKL
MMOP
GRST
LUYWX

W3 2pH

AR X
(B \ 4-plane, 3-row, 2-column array

EF

GH
1.
Kl

MN
ap
QR

5T
uv
WX



Finding the Shape of An Array

Once you have generated an array, you can find its shape (number of elements in
each coordinate) by specifying o (shape function) with only a right argument which
is the name of the array. If A is a vector with six elements and you enter p A, the re-
sult is one number because A is a one-dimensional array. The number is 6, the
length (number of elements) of A’s one dimension. The result of the shape function
is always a vector:

A1l 222 333 BLHY 555 4446
efh
&

The shape of a matrix or N-rank array is found the same way:

Me2 3pl 2 3 4 5 6

]
1 23
b 5 &
oM
23
Re2 3 Upl 2 3 4 5 4678
R
234
5 46 78
1 234
56 78
12304
D678
PR
234

In some cases, it might be necessary to know just the rank, the number of coordi-
nates (or indices) of an array. The rank can be found by entering pp (shape of the
shape) and a right argument, which is the name of the array:

A1l 222 333 4h4 555 666
Beld 3pl 2 3 4 5 6
Ce 3 hpl 2 3 4 5 67

A
6

pPPA
1

PR

epR
2

pC
234

PPl
3

35



The following table shows what the shapes and ranks are for the various types of

A&

7

arrays:
Data
Type Shape p X Rank p p X
Scalar No dimension (indicated by an empty vector). -0
Vector Number of elements. 1
Matrix Number of rows and the number of columns. 2
N-rank
arrays Each number is the length of a coordinate. N
Empty Arrays

Although most arrays have one or more elements, arrays with no elements also
exist. An array with no elements is called an empty array. Empty arrays are useful
when creating lists (see Catenation in this chapter) or when branching in a user-
defined function (see Chapter 6).

Following are some ways to generate empty arrays:

® Assign 10 to a variable name to generate an empty vector:

FEVECTOR® 10
EVECTOR An empty array is indicated
by a blank display.

pEMECTOR
{)
" The shape of the empty vector
is zero (zero elements).

® Use a zero length coordinate when generating a multidimensional array:

This matrix has three rows
and no (0) columns.

EMATRIX1¢3 0pi 00—
EMATRIXI

A blank output display
pEMATRIXL

® A function might generate an empty vector as its result; for example, finding the
shape of a scalar:

P

A blank output display.
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CATENATION

You can join together two arrays to make a single array by using the catenation
function. The symbol for this function is the comma. When catenating vectors,
or scalars and vectors, the variables are joined in the order in which they are speci-
fied, as the following examples show:

Acl 2

Belp 5

AR
Iuuy
B, A

&1

3

34
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When catenating two matrices or N-rank arrays, the function can take the form
A[11B, where | defines the coordinate that will be expanded when A and B are joined.
If the coordinate is not specified, the last coordinate is used. When A and B are
matrices and [1] is [1], the first coordinate (number of rows) is expanded; when [1]

is [2], the last coordinate (number of columns) is expanded. The following examples
show how to catenate matrices:

10
40

10
4.0

10
0
11
m

Graphic Representation

A B
AED Zpl0 20 30 40 50 &0 10 20 30 11 22 33
Be? Ipll 22 33 44 S5 46 |40 50 60 44 55 66
AR
20 30 11 22 33 A B
G060 W4 O3 66 16 20 30 11 22 33
A, L2IR 40 50 60 44 55 66
20 30 11 22 33
50 60 4 55 46
A, L1k A 10 20 30
20 30 40 50 60
50 60
22 33 B 11 22 33
55 66 44 55 66

37

c
]
-
©
c
)
ot
33
O




Matrices of unequal sizes can be catenated, providing that the lengths of the co-
ordinates not specified are the same (see the first example following). If the co-
ordinates not specified are not the same, an error results (see the second example

following):
AeZ Zpl0 20 30 w0 50 &0 — |10 20 30 11 22 33 44
ReR Ball 22 33 44 55 46 77 88 40 50 60 55 66 77 88
AL L2IR A B
10 20 30 11 22 33 hy : 10 20 30 11 22 33 44
0 50 460 5% 4é6 77 88 40 50 60 55 66 77 88
A 10 20 30
A, DLIR 40 50 60
LENGTH ERROR
a:.01L1 B B 11 22 33 44
~ 56 66 77 88

A scalar can also be catenated to an array. In the following example, a scalar is
catenated to a matrix. Notice that the scalar is repeated to complete the coordinate:

A2 3pl0 20 30 40 50 60
A

10 20 30

Hl 50 40
ALL2T99

10 20 30 99

Lo 50 60 9%
A L1399

10 20 30

0 G50 &0

99 99 99

A vector can also be catenated to another array, provided the length of the vector
matches the length of the coordinate not specified. See the following examples:

A,99 BE s
10 20 30 99
40 50 40 88

20 [ 30 | 99
40 |50 | 60 | 88

A,IL1199 68 10 | 20 | 30
LENGTH ERROR ~——" 140 [ 50 | 60
ALY 99 88 99 | 88

A

L



The catenate function is useful when creating lists of information. Sometimes it is
necessary to use an empty array to start a list. For example, suppose you want to
create a matrix named PHONE where each row will represent a 7-digit telephone
number. First you want to establish the matrix, then add the telephone numbers
at a later time. The following instruction will establish an empty array named
PHONE with no {0) rows and seven columns:

PHONE+Q 7pa 0
i Blank display indicates an
p PHONE empty array.

Now, the telephone numbers can be added as follows:

PHONE€PHONE, [11° 33364846

PHONE

5336686
PHONE«PHONE , L1 4564771
FPHONE

H334686

US64T7T1
# PHONE

2.7

X The list of telephone numbers
now contains two rows.
INDEXING

You may not want to refer to the whole array but just to certain elements.
Referring to only certain elements is called indexing. Index numbers must be
integers; they are enclosed in brackets and written after the name of the variable

to which they apply. Assume that A is assigned a vector as follows: A<11 1213
14 15 16 17. The result of entering A is the whole vector, and the result of entering
A[2] is 12 (assuming the index origin is 1; see Chapter 5 for more information on
the index origin).

Here are some more examples of indexing:
aell 12 13 14 15 16 17
AL3]
ALS 3 7 11
1% 13 17 11

2 ::;:: ] L% 6 Blank Character
13 11 14 16 l

Be ' ABCDEFGHIJKLMNOPQRSTUVHXYZ
BEW L 1% 271 1w & 27 3 12 1 9 18]
DAN AND CLAIR
Ce22 9 18 7 9 14 9 1
RLCI
VIRGINIA
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If you use an index that refers to an element that does not exist in the array, the
instruction cannot be executed and INDEX ERROR results:

A
1112 13 14 195 16 17

ALCH]
INDEX ERROR
A8

A

You cannot index or do anything else with an array until after the array has been
specified. For example, suppose that no value has been assigned to the name Z;
then an attempt to store values in certain elements within Z would result in an
error, since those elements do not exist:

L03 1618 46
VALUE ERROR
L3 4le 18 ué

I

Indices (whatever is inside the brackets) can be expressions, provided that when
those expressions are finally evaluated, the results are values that represent valid

indices for the array:

i
ABCDEFGHIJKLMNOPQRSTUVWXYZ
Xel 2 3 4 5
BEXx2T
BIOFH.
X
12345
BL1+Xx3
DGEJIMP

The array from which elements are selected does not have to be a variable. For
example, a vector can be indexed as follows:

23579 11 13 19 17 1907 2 4 21
13 37 3

"ARCREFGHIJKLMNOPARSTUVRXYZ 12 1% 15 11 27 16 1]
LODK P&

CARCDEFGHTIRKLANOPGRETUVWEYZ

NOM
MaRY "\/

The shape of the result is the same as the index.

Ay
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Indexing a matrix or N-rank array requires an index number for each coordinate.
The index numbers for each coordinate are separated by semicolons. Suppose M is
a 3 by 4 matrix of consecutive integers:

Med Hpl 23 45 67 89 10 11 12

If you ask to see the values of M, they are displayed in the usual matrix form:

M
1 2 3 u
9 b6 708
? 10 11 12

If you want to refer to the element in row 2, column 3, you would enter:

¢

If you want to refer to the third and fourth elements in that row, you would enter:

ML2;3 41
T8

Similarly, to refer to the elements in column 4, rows 1, 2, and 1, you would enter:

MEL 2 1541
b 8 4

You can use the same procedure to select a matrix within a matrix. If you want the

matrix of those elements in rows 2 and.3 and col