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This publication is a reference manual that provides Related Publications
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If You Are Using

APL PROC file

Diskette Recovery
Customer Support
Function on Model A1

JSORT

Serial 1/0 Feature
or write exchange
(type 2) tape file

OUTF TYPE=A

ADD to a mixed
record file

Shared Variables
with diskette

Note This Consideration

Procedure files for APL must be generated by an APL program

or a BASIC program. The BASIC SAVE command in DATA
mode cannot be used.

This is not available on a 16K machine.

Before executing )SORT be sure that the printer is switched
off. An alternative is to execute:

1) OUTSEL OFF
2) OUTSEL OUT

Failure to do so will cause a machine error.

If you are writing to Serial 1/O or writing an exchange
(type 2) tape file, the last record may not be written
correctly. You should write an extra record at the end.

If you are writing OUTF to a TYPE=A file, use file sizes

of 2K or greater.

Do not attempt to ADD to a type 15 (mixed record file)

on diskette.

Do not open diskette drive door during shared variable
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Chapter 1. Operation

1IBM 5110 COMPUTER OVERVIEW

The IBM 5110 Model 1 (Figure 1) is a computer. The IBM 5110 Model 2
differs from the Model 1 only in that the Model 2 does not have a built-in tape
unit. The 5110 has a display screen, keyboard, 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 5110 are an auxiliary tape unit (Model 1 only),
printer, up to four diskette drives, a communication adapter, and a serial /0

adapter.
Il?d;]ctator Adapter for Black
1gis and White TV Monitors
Switches [ J
Brightness
Control
Display
Screen
Switches
Tape
Unit
Keyboard

Figure 1. IBM 5110 Computer

DISPLAY SCREEN

The display screen (Figure 2) can display 16 lines of information at a time, with
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 t0 a position that already
contains a character, the flashing line is replaced by the flashing character. As
the 5110 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 the display screen.

Operation 1



SWITCHES
The switches on the 5110 (Figure 1) 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 for turning power on to the system or
restarting the system operation.

Line Numbers

115 [ ]

14
13
12
11
10
9
8
7
6
5
4
3 3+2 «—Input from the keyboard
2 5 «——— Qutput
1 —- «— Cursor (flashing horizontal line)
0 \_ 64 character positions -

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

Figure 2. The 5110 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 the 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 to 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 to 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 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

The 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.

» L32-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.

Operation



CcoPY

(Gor) (eave Y (oot ) (e ) (Grens ) (vars) (eory ) (Qwsio ) (oursey) () mark YC = 2™ AY) ecere) (inserT)

Alphameric Keys Numeric keys
Figure 3. The 5110 Keyboard

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 5110.

Note: When you use your 5110, this switch must be in the NORMAL position.

KEYBOARD

The 5110 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. The top row of
alphameric keys can be used to enter numbers:; however, numbers can be
conveniently entered via 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 via keys to the right of the numeric keys.

When the system power is first turned on, the system is in standard APL
character mode. In standard APL character mode, you can enter uppercase
alphabetic characters (without using the shift key), the APL symbols (using the
shift key), and the APL system command keyword (above the top row of
numeric keys) and special character combinations {(engraved on the front of the
keys) using the CMD key.

Note: For combined APL/BASIC systems, there is also a BASIC statement
keyword engraved on the alphabetic keys. These BASIC statement keywords
are above the special APL character combinations on the keys.



You can also place the system in lowercase alphabetic character mode by:

1. Pressing the HOLD key

2. Holding down the shift ( ) key and pressing the scroll down

In lowercase alphabetic character mode, you can enter lowercase alphabetic
characters (without using the shift key), uppercase alphabetic characters (using
the the shift key), and the APL symbols using the CMD key. The lowercase
alphabetic character mode applies only to the alphabetic keys. In lowercase
alphabetic character mode, you cannot enter the special character combinations
using the CMD key, because the CMD key is used to enter the APL symbols.

To return from lowercase alphabetic character mode to standard APL character
mode:

1. Press the HOLD key
2. Hold down the shift key while you press the scroll up ( ) key

The characters ¥ i %6V ! and « 4 di " "% are not
shown on the keyboard; however, you can enter the first group of these
characters by using the CMD key and pressing the appropriate key as follows:

Operation
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You can enter the second group of characters using the SHIFT key and
pressing the appropriate key as follows:

LCL0)

Note: Some of these characters change when a unique national character set,
other than EBCDIC, is specified. See Appendix C for more information on the
unique national graphics.

The keyboard contains some keys that perform operations other than those
performed by a typewriter. These keys are discussed in the following text.
Uses of the APL language symbols on the keyboard are discussed in Chapter 4
of this manual.

Attention

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

Pressing ATTN when entering information using shared variables to the display
screen erases everything from the cursor position to the end of the specified
input area.

When ATTN is pressed (weak interrupt) during execution of any expression or
user-defined function, the system stops operation at the end of the statement
currently being processed. To restart the execution of a user-defined function,
enter »>-[LC.

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 the shift key is held and ATTN is pressed (strong interrupt) during the
execution of a statement (either inside or 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. in this case, the intermediate results might be
lost, and restarting the function using +0LC might give incorrect results.



B
HOLD

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 rapidly changing display information during an output operation or to
change from one character mode (standard APL or lowercase alphabetic) to the
other character mode. When the HOLD is in effect (HOLD pressed once), the
COPY DISPLAY, shift/scroll up, and shift/scroll down keys are active, and the
characters HOLD are displayed in the lower left corner of the display screen.

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), holding down the CMD

key and using 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(s) of information on the display screen

is processed by the system. This key must be pressed for any input to be
processed.

Command

In standard APL character mode, 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. Also, pressing the
other key causes the special character combination engraved on the front of
the key to be entered in the input line.

In lowercase alphabetic character mode, when this key is pressed and held,
pressing an alphabetic key causes the APL symbol on the key to be entered in

the input line.

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

Operation



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.

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: 123 ¥ 567

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 O, 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

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: 1234456

Flashing Character
After the delete operation: 123456

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

Scroll Up

When this key (located above the numeric keys) 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.

When you are doing input/output operations to the display screen using an
APL shared variable, the cursor is moved up one line when this key is pressed.
When this key is held down, the cursor continues to move up until the top line
is reached.

When the system is in the hold state (the HOLD key has been pressed once),
holding down the shift key and pressing this key causes the system to be in
standard APL character mode.

Scroll Down

When this key (located above the numeric keys) 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.

When you are doing input/output operations to the display screen using an
APL shared variable, the cursor is moved down one line when this key is
pressed. When this key is held down, the cursor continues to move down
until the bottom line is reached.

When the system is in a hold state (the HOLD key has been pressed once),

holding down the shift and pressing this key causes the system to be in
lowercase alphabetic character mode.

Operation



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 5110 {Figure 1) has two indicator lights.

Process Check

When on, the PROCESS CHECK light indicates that a system malfunction has
occurred. In this case, press the RESTART switch to restart the system
operation. If the system operation cannot be successfully restarted after
several attempts, call your service representative. After the system operation is
restarted, you must reload any user-defined functions or data that was
previously in the active workspace.

In Process
The IN PROCESS light is on when the system is processing data and the display screen is
turned off during the execution of a user-defined function (see the [JCC
system function in Chapter 5). The light goes off when:

« The display screen is turned on using the [JCC system function

« A statement in the user-defined function generates results that are to be
displayed

« Execution is completed and the cursor returns
Note: If the display screen is blank (no data or cursor is displayed) and the IN

PROCESS light is off, check the brightness control before calling your service
representative.



Chapter 2. About Your 5110

DATA REPRESENTATION

Numbers

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:

i
L.
T E e 0

“1

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

Scaled Representation (Scientific Notation)

You can represent numbers by stating a value in some convenient range, then
multiplying it by the appropriate power of 10. 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 2.84E7 3

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 5110 can range from ~ 7.237005577332262E75 to
7.237005577332262E75. The smallest numeric value the 5110 can use is
+5.397604346934028E 79.

About Your 5110 11



Numeric Value Precision

Numbers in the 5110 are carried internally with a precision of 16 significant
digits.

Note: As with all computers, some values cannot be expressed exactly, and
certain computations are not fully accurate in the least significant (16th) digit.

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:

"HARCOEFGT If the closing quote is not
ARCIDEFG entered, the 5110
LLaianc automatically supplies the
L23ARC closing quote when EXECUTE
e THE ANSWER I1%:° is pressed.

M
THE ANSWER I8:

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:

TDONT T GIVE THE ANSWER AWAY'
DONCT GIVE THE ANSWER AWAY

Logical Data

Logical (Boolean) data consists of only ones and zeros. The relational functions
(> > = < £ #) 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 (AKX vV~) 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 O's.



STORAGE REQUIREMENTS

The following list shows how many bytes of storage are required for each data

type:
Data Type Number of Bytes Required
Character constant 1 byte per character
Whole numbers that are equal to 4 bytes

or less than 231-1

Whole numbers that are greater 8 bytes

than 23'-1

Decimal numbers 8 bytes

Logical data 1/8 Byte (1 byte can contain 8

ones or zeros)
Variable Name Number of Bytes Required

.3 characters or less 12 bytes+(4 xrank
{p p VARIABLE)) bytes

4 characters or more 1 byte per character+21
bytes+(4xrank {p p VARIABLE))
bytes

Note: All storage is allocated in 4 byte increments.

5110 STORAGE CAPACITY AND MODELS

The 5110 Models 1 and 2 can have a storage capacity of 16K (K = 1024
bytes), 32K, 48K, or 64K. The first digit in the model number indicates the
model, and the second digit indicates the storage capacity as follows:

Storage Model Number | Model Number
Capacity with Tape without Tape
16K A1 A21

32K A12 A22

48K A13 A23

64K A14 A24
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Figure 4 shows how the storage is allocated for the various requirements on a
base 5110 (Model A11 or A21).

Active Workspace

10,600
Bytes

Symbol Table (see note)

5784 5110 Internal Storage Requirements for Pointers,
Bytes Counters, etc

Note: The symbol table requires 8 bytes of storage for
each symbol allowed in the active workspace (see )]SYMBOLS
in Chapter 3).

Figure 4. Storage Allocation for a Model A11 5110

Notice that the workspace available to the user (active workspace) is 10,600
bytes, while the rernaining bytes are used for internal purposes. In the other
models, all additional storage is allocated to the active workspace. For

example, on the Model A14, the active workspace is approximately 60,000
bytes.

PERFORMANCE CONSIDERATIONS

Turning the Display Screen Off
The internal processing capability of the 5110 is increased by approximately
18% when the display screen is turned off during the execution of a
user-defined function. The [JCC (console control) system function is used to
turn the display screen on and off. For example:
X<«<10cco This statement turns the display screen off.

X<« 10cc1 This statement turns the display screen on again.

(See The OCC Function: Console Control in Chapter 5 for a complete
description of the [JCC function.)



Overlapped Printing

When data is sent to the printer, the 5110 continues (overlaps) internal
processing as the last print line is being printed. For example:

FFUNCTION
G110 Lopdt00sr 5110 starts processing statement 2 as
Lad 50 %2y the last line of the matrix generated in

statement 1 is printed.

When FUNCTION is executed, the

Therefore, to get maximum performance when data is sent to the printer, send
the data to the printer in smaller segments. The following examples show how
the data might be sent to the printer in smaller segments:

Example 1
¥ PRINTIL;AE;C;D
1 Aet DOLUMNL COLUMNZ COLUMNI COLUMNG COLLUMNG'
a2l Be 1005 pOEH0D
N e 8 0 w1
w7l Te & 0 +(+/0100 )
5 AL,y CLELT D
L&l i

In this example, all the data is sent to the printer by statement 5. The
overlapped printing capability is not used.

Example 2
¥ OPRINTZ,R;C; D
1 COODLAUMNG COLUMNDZ COLUMNE COLUMMY COLUMME '
L2 e 800 vBs 1005 0 500
L3 D 8 0 v(+000 1)
Ll LINFRE I N I
57 Y

In this example, statement 2 is processed as the data from statement 1 is
printed.

Example 3
¥ PRINTA, RO
L1l COCOLUMNL COLUMND COLUMNG COLUMNY COLUMNG®
el g0 vRe 10 5 p(50)
L33 g 0 ++S000 B
Lud W

In this example, statement 2 is processed as the data from statement 1 is
printed, and statement 3 is processed as the last line of data from statement 2
is printed.

About Your 5110
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VARIABLE AND FILE NAMES

A variable name can be up to 77 characters in length with no blanks; the first
character must be uppercase alphabetic or underscored uppercase alphabetic,
and the remaining characters can be any combination of uppercase alphabetic,
underscored uppercase alphabetic, and numeric characters. Variable names
longer than 77 characters can be used, but only the first 77 characters are
significant to the 5110.

Note: Do not use SA or TA as the first 2 characters in the variable name (see
Trace and Stop Controls in Chapter 6).

The data file names that are allowed by the 5110 depends upon the type of
file and storage media used:

» Workspace file on tape. The file name can be any combination of up to 11
alphabetic and numeric characters (with no blanks); the first character must
be alphabetic. For example:

FILE2
If more than 11 characters are entered, only the first 11 are used.

« Data file on tape. The file name can be any combination of up to 17
characters (including blanks). For example:

2 DATAFILE

If more that 17 characters (including blanks) are entered, an INVALID
PARAMETER error message is displayed.

= Workspace file on diskette. The file name can be any simple name. A simple
name is any combination of up to 8 alphabetic and numeric characters (with
no blanks); the first character must be alphabetic. For example:

FILEONE

If more than 8 characters are entered as the file name, an INVALID DISK
FILE NAME message is displayed.

« Data file on diskette. The file name can be a simple or complex name. A
complex name is two or more simple names, with each name separated by
a period(.). A complex name cannot exceed 17 characters including the
period. For example:

DATA.FILE
AN A period must separate two simple names.
FILENAME For one simple name, a period is not required.

FILE.NAME <——7 Complex names.

DISKETTE.FILENAME

Note: The names SYSAREA and ERRORSET are used by the system. You
should not use these names as diskette file names.

16



NAME PROCESSING

Following is a description of how the system uses the device/file number and
file ID parameters specified for system commands (see Chapter 3) or
input/output operations (see Chapter 7).

For operations to tape files:
» The device/file. number parameter must always be specified.

« The file ID parameter is optional, except for the )DROP command. When
this parameter is specified, the specified file 1D is checked against the tape
file ID, and the operation fails if the file IDs do not match.

For operations to diskette files:

« If only the device/file number parameter is specified, the operation is
performed to the specified diskette file.

« If only the file ID parameter is specified, the diskette files on each diskette
drive are checked for the specified file ID. The specified file ID must be
unique on the diskette(s), and the operation is performed to the appropriate
diskette file when a match is found.

« |f both the device/file number and file ID parametér aré specified, the
specified file ID is checked against the specified diskette file ID, and the
operation fails if the file IDs do not match.

Note: If the specified file number is 000 (for example, 11000 is diskette
drive 1, file number 000), the diskette files on the specified diskette drive
are checked for the specified file ID, which must be unique on the diskette.
The operation is performed to the appropriate diskette file when a match is
found.

PROCEDURE FILE

A procedure file provides an alternative to entering input from the keyboard. A
procedure file can contain any executable expression or statement that can be
entered from the keyboard; for example, system commands, function
definition, and APL expressions. When the )PROC command is issued (see
Chapter 3), these expressions or statements from the procedure file replace the
input from the keyboard.

Creating a Procedure File

A procedure file can be a sequentiél access type | (file type 2) or direct access
type | or U (file type 9) data file. Each record in the procedure file represents
one statement or expression to be executed by the 5110. These records cannot
be greater than 128 characters. See Chapter 7 for more information on
creating data files.

About Your 5110
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Using a Procedure File

The JPROC command is used to initiate input from the procedure file. Once
the )PROC command is issued, the records (expressions or statements) in the
specified procedure file are sequentially read, displayed, and executed. The
results of the executed statements or expressions are also displayed. When
records are executed from a procedure file, except for direct access input from
the display screen (see Entering Data from the Keyboard later in this chapter),
all keyboard equivalent input comes from the procedure file. This includes the
response for [ input [1 input, and the ALREADY MARKED message. For
example:

A 1111~—This user-defined function is executed from a procedure
file.

/]

The function requests [ input.

The response for the [ input must be the next record in
the procedure file.

If an error occurs on a statement or expression executed from the procedure
file, an error message is displayed, and the next record on the procedure file is
read and executed. The 5110 continues to read and execute input from the
procedure file until one of the following occurs:

« The last record is read from the procedure file.

« A strong interrupt is entered (hold down the shift key and press the ATTN
key).

« Another JPROC command is issued. In this case, the input then comes from
the new procedure file, and control is not returned to the previous procedure
file.

» An 1/0 error occurs when the 5110 is reading the procedure file.

« The JLINK command is issued from the procedure file.

Except when another )PROC command is issued, the 5110 returns to using
keyboard input when one of the previous conditions occurs.



Doing Input/Output Operations

When using a procedure file; you can use shared variable to do input/output
operations such as:

Read records from and write records to a data file.

Note: If the procedure file is a sequential access tape data file, the tape is
repositioned if input/output operations are performed on the same tape that
the procedure file is on. This causes an error when the next physical read
of data from the procedure file occurs. However, since each physical read
from the tape procedure file consists of 512 characters, a tape procedure
file with less than 512 characters can also be used to perform input/output
operations. In this case, the last command in the 512 characters should be
JPROC to return the 5110 to keyboard entry.

Read records from and write records to the display screen. This allows you
to enter data from the keyboard when using a procedure file.

Read records from and wtite records to the procedure file. This allows you
to update the procedure file as the records are read from the procedure file

and executed.

Send data to the printer.

See Chapter 7 for more information on these input/output operations. Entering
data from the keyboard and updating the procedure file is discussed next.

About Your 5110
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Entering Data from the Keyboard

Even though the records from the procedure file replace keyboard input, you
can enter data from the keyboard using a pair of shared variables and direct
access to the display screen. For example, assume you are using a procedure
file and the following user-defined function has already been copied into the
active workspace:

VEXAMPLEENTERIDIV
EXAMPLEENTER; CTL DAT I 4
FOF 96 3 6 36 3 3 I I 6 36 I I IE I 6 96 36 IEIE I I 6 I I I8 e I W 6 I I I I I e B I I B I e I I I M I e
. VARIARLE MNaMES TO RE SHARED
ded S8V0 2 3 p CTLOATS
A {w A L2EN) Y AERRORL
£ 266 96 2 I 96 I I IE I I IE 36 36 I6 I I 696 I 6 36 I I W I I He I I D6 I Me M I I 3 I I I I I I I I e I e 96 3
ARPECIFY INPUT/OUTPUT OPERATIONS TO THE DISPLAY
CThe  DISPLAY S
L0 0TLY AERRORS
CENTER MNEW OAT /When this statement is executed, the cursor appears at character position
CTle 0 203 120 903 on the display screen. Now, you can enter 120 characters from the
Wéﬂﬁl?LYL)/LRHUNH keyboard.
£ T 6 36 36 W 36 3 96 36 I 0 36 I I 36 I I 96 He I IE TEIE IE I I 6 e I 6 e I IE I I I W W e I I I I I I B I I e I I 9 I
aDTSPLAY THE INFORMATION FROM Thie KEYROARD
T After the data is entered from the keyboard and EXECUTE is pressed, the
-+ [} 120 characters starting from position 903 are assigned to DAT.
£ 36 36 96 36 90 30 36 B 6 I I 6 96 I I I I 96 I W I 96 I I W6 e I W I I I I I 96 I I I I I I I IE I I W I M I I I
aERROR MESSAGES
FRRORL CTHE SHARED VARIARLE OFFER FATLED®
) []

ERROR2: "ENTERING DATA FROM THE KEYROARD FallLEDRC

Now when the record EXAMPLEENTER is read from the procedure file and
executed, you will be able to enter data from the keyboard.



Updating a Procedure File on Diskette

When using a procedure file that is on a diskette, you can also do direct
access input/output operations to the procedure file. This allows you to
update records (statements or expressions) before they are read and executed.

If a procedure file is to be updated, it is recommended that the procedure file
be a type U data file, because a type U data file has only one record per
sector and the 5110 reads one sector at a time when executing records from a
procedure file. Type | data files might have more than one record per sector,
and the records can cross sector boundaries. Therefore, when a sector is read,
the data read might include more than one record. For example:

Sector Boundaries

N—"T

. 7/
Record X Record Y Record Z \Type I Data File
1

N J
v

When this sector is read, both record X and record Y are read into the system.

In the previous example, if record X executes a user-defined function that
updates record Y (see the following example), record Y has already been read
into the system and the updated record is not executed from the procedure
file. Instead, the original record Y is executed.

About Your 5110
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Following is an example of a user-defined function that allows you to enter
information from the keyboard and to update the procedure file with the
information you entered.

In this example, assume that you are using a procedure file, and that the
user-defined function has already been copied into the active workspace.

VEXAMPLEWRLT A
¥ OEXAMPLEWRITE, CTLX G CTLY  BATX  ATY (AL R
£ 0 226 96 26 I I I I 6 N I6 96 I I I I I 6 W NI IE I I I6 I I I I I I 6 I M 6 I6 I I IE I I I I I W I I e 3 e I W
aQFFER THE VARIARLE NAMES TO BE SHARED

Ael EVO 4 B p  CTLXOATXETLYDATY

S w250 ) ERRORD
£y Ve B D6 I I U I I I I W I IE I I I W I 6 I I I I 6 N e K I I I IE I I 96 I We I M 6 I Fe A I I I I I Mo 9 I 9 I
aSPECIFY THE INPUT/QUTPUT OPERATIONS TO THE DISPLAY AND
aTHE PROCEOURE FILE

CTLXe " OlspPLay”

AL TOTLX Y AERRORS

CTLYe"TOR 11001 "' <«——— In this example, the procedure file is on diskette drive 1, file 1.
AL TOTLYY Y AERRBORSD
0926 N I I I 6 96 96 I 36 I I B I D W He W I 6 I A6 E 96 I I 36 I6 I I D6 I I IE I I I I I W I I B 9 636 e 96 3 96
AaENTER DaTa FROM THE KEYROARD

TENTER OTHE RECORD NUMBER TO BE UPDATED

CTLXe @ 903 &

(0L TCTLXO AERRORR

BelATY The new record number is assigned to B for later use in this
CENTER O THE NEW RECORD'  yser-defined function.

CTLXe & a9s 127

SO0 CTLO AERRORS

DATY must contain the information to be written to the procedure file.
GTLXe Note, in this example, that the procedure file contains 128-byte

DATY 1 281 0ATX character records.
03 36 N I I B 96 6 D6 N I I I 6 IE V6 I I I I IE 6 I I I W IE I I I I I W W I e I Mo I W I I A IE I W I IE IE I I W I I I

pUPLSTE THE PROCETURE FILE

CTiyedl, Calid, 1

ST TOTLY Y AERRBORE

CTLY &0

'PROCEDURE FILE UPHATED:

o} (}
1 9% 2 D0 I 9 I I I I IE IE I I 6 I IE I I I W I IEIE I I I I I I I I I I W IE I I A I I 6 IE A6 I I I I I IE I I

Al RROR M
ERRORL " THE
ERRORE CENTERING OATA FROM THE KEYROARD Fallpil:
+{}
ERRORR "UPLOATING THE PROCEDURE FILE FallEno:

T PG i i e el Rl
-~
3

=3 23

SBHARED VaRIABLE OFFER FallEo:
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TAPE DATA CARTRIDGE HANDLING AND CARE

» Protect the tape data cartridge from dust and dirt. Cartridges that are not
needed for immediate use should be stored in their protective plastic
envelopes.

» Keep data cartridges away from magnetic fields and from ferromagnetic
materials that might be magnetized. Information on any cartridge exposed

to a magnetic field could be lost.

+ Do not expose data cartridges to excessive heat (more than 130°F [54°C})
or sunlight. )

« Do not touch or clean the tape surface.

« If a data cartridge has been exposed to a temperature drop exceeding 30°F
(=1°C) since the last usage, move the tape to its limits before using the
tape. The procedure for moving the tape to its limits is:

1. Use the )LIB command to move the tape to the last marked file.

2. Use the JMARK command to mark from the last marked file to the end
of the tape. For example:

JMARK 20 10 n
where n is the number of the last marked file, plus one.
3. - When ERROR 012 (end of tape) is displayed, use the )REWIND
command to rewind the tape.
TAPE HEAD CLEANING PROCEDURE
Occasional cleaning of the tape read/write head provides more reliable
operation of the tape drive. Use a soft lint-free cloth or paper towel

dampened with isopropyl alcohol to clean tape oxide from the tape head. Then
wipe the tape head dry.

Tape Read/Write Head

Ej_

Tape Drive Opening

About Yaur 5110
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DISKETTE HANDLING AND CARE

Diskette Insertion

CAUTION

If a diskette has been exposed to temperatures outside the range 50°F to
125°F (10°C to 51°C), keep the diskette at room temperature for about five
minutes before inserting it in the diskette drive.

1. Open the diskette drive cover.

2. Remove the diskette from its envelope by grasping its upper edge and
and listing.

3. Insert the diskette into the diskette drive.

Note: The permanent diskette label must be in the lower right corner as the
diskette is inserted in the drive.

4. Close the diskette drive cover only after the diskette is fully inserted.



Diskette Removal
1. Open the diskette drive cover (only when the cursor is flashing).

2. Remove the diskette by grasping its upper edge and pulling it straight
out.

3. Return the diskette to its envelope.

Handling Defective Cylinders
With use, the diskette can develop areas on which readable records cannot be
written. A diskette with a defective area should be reinitialized to use one of
the alternate cylinders available. See the IBM 5110 Customer Support
Functions Reference Manual, SA21-9311, for information on the initialization
function.

Note: Before reinitializing a diskette, copy any useful data from the diskette
onto another diskette.

After the diskette has been reinitialized, record the number of the defective
cylinder on the permanent label.

Handling Precautions
Do not bend or fold the diskette.

Do not use rubber bands or paper clips on the diskette.

Do not touch or clean the exposed diskette surface.
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Do not eat, smoke, or drink while handling the diskette.

Do not use magnets or magnetic objects near the diskette. Data can be lost
from a diskette that is exposed to a magnetic field.




Do not place heavy objects on the diskette.

Do not erase labels attached to the diskette, or make any erasures on or near

the diskette. Erasure residue could get in the diskette, and this should be

avoided. To discourage erasures, it is recommended that you use a fiber-tip or

ballpoint pen when marking on the diskette labels. Mark temporary labels
before attaching them to the diskette. Alter the temporary labels with the
diskette in the envelope.

I

DEVICE ADDRESSING

The device address for the 5110 tape units and diskette drives are as follows:

Device

Built-in tape unit
Auxiliary tape unit
Diskette drive 1
Diskette drive 2
Diskette drive 3
Diskette drive 4

Device Address

11
12
13
14
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The following illustration shows the device address for diskette drives attached
to the 5110:

Device Address 12 Device Address 14
Device Address 1.1 Device Address 13

iy

iy
ulmuuuummunnmumnuuu mmlm""“"“””""""""I!Huu |

DEFAULT DEVICE

The default device is the tape unit or diskette drive used by the system when
only the file number is specified. For example:

JLOAD 3 DATA

Fewer than four digits are specified; therefore, the value
specified represents only the file number, and the
default device is used. -

For the Model 1, the default device is the built-in tape unit (1). For the Model 2, the
default device is the first diskette unit (11).



CUSTOMER SUPPORT FUNCTIONS
The following customer support programs are provided with the 5110:
+ Tape-to-tape copy
« Diskette-to-diskette copy
« Diskette-to-tape copy
« Diskette initialization
» Generalized loader
« Diskette recovery
« Tape recovery
+ Diskette Compress
« Label display
See the IBM 5110 Customer Support Functions Reference Manual, SA21-9311,
for a complete description of each program.
AUDIBLE ALARM
The 5110 has an audible alarm feature that can be used to signal the operator.
For example, the audible alarm can signal the completion of a user-defined
function or a procedure file {see Procedure File in this chapter). The [JCC
system function sounds the audible alarm (see Chapter 5). For example:
To sound the audible alarm, the left argument must be a 2.

200cc222

L_The audible alarm sounds for approximately 1/4 second for
each 2 in the right argument.
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Chapter 3. System Commands

OVERVIEW

The 5110 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 5110, all the
data in the active workspace is lost. However, the contents of the active
workspace can be saved on' tape or diskette (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 or diskette.

The tape and/or diskette is your library; that is, it is a place where you can
store data for later use. Before a-tape or diskette can be used, it must be
formatted. A formatted tape or diskette contains one or more files where data
can be stored. Each file has a file header, which contains 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.
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Commands That Control the Active Workspace

Command
)JCLEAR
)JCOPY
JERASE
JLOAD

)PCOPY

)SYMBOLS

)WSID

JRESUME

Meaning

Clear the active workspace.

Copy stored objects (see note 1) into the active workspace.
Erase global objects (see note 1) from the active workspace.
Replace the active workspace with a stored workspace.
Copy stored objects (see note 1) into the active workspace,
and protect objects in the active workspace from being

destroyed.

Change the number of symbols allowed in the active
workspace.

Change the active workspace ID.
Replace the active workspace with a workspace stored using

the JCONTINUE command, and reestablish the system
environment as it was when the workspace was stored.

Commands That Control the Library (Tape and/or Diskette)

Command

JCONTINUE

)DROP
JFILEID
JMARK
)FREE

)SAVE

JPROTECT

)JVOLID

32

Meaning

Write the contents of the active workspace on tape or
diskette. The active workspace can contain suspended
functions and open shared variables.

Drop a tape or diskette file.

Change the file name on a diskette volume.

Format the tape or diskette.

Make a diskette file available for reallocation.

Write the contents of the active workspace on tape or
diskette. The active workspace cannot contain suspended
functions or open shared variables.

Invoke or remove the write-protect feature on a diskette file.

Change the volume ID or access protection indicator of a
diskette device.



Commands That Provide Information about the System

Command
)FILEID
JFNS

)LIB

)Si

)SINL

)SYMBOL

)JVARS
)VOLID

WSID

Meaning

Display the file name on a diskette volume.
Display the names of the user-defined functions.
Display 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 thé volume ID of a diskette device.

Display the active workspace ID.

Other Commands That Control the System

Command

JLINK

JOUTSEL
JPROC
JREWIND
)SORT

Notes:

Meaning

Load microcoded programs, such as functions or
asynchronous communications.

Select printer output.
Open a procedure file.
Rewind the tape.

Transfer system control to the sort function.

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

2. The system commands JCONTINUE, )COPY, )DROP, JLOAD, )MARK,
JREWIND, and )SAVE will blank the top 8 to 12 lines on the display screen
when they are used.

All system commands (and only system commands) have as their first
character a right parenthesis. Each system command must begin on a new
line. Parameters (required or optional information) for the system commands
must be separated by blanks.

System Commands
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Some system commands can be entered two ways:

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

« The system commands JLOAD, )SAVE, JCONTINUE, )LIB, JFNS, )VARS,
JCOPY, )WSID, JOUTSEL, and )MARK can be entered in one operation if
you hold down the CMD key while pressing the top-row key just below the
label of the command you want.

System commands can be executed two ways:
» Press EXECUTE after the parameters, if required, are entered.

< Read the system command and required parameters from a procedure file
(see The )PROC Command in this chapter).

System commands cannot be used within APL expressions and cannot be used
as part of a user-defined function (see Chapter 6).

Following is an explanation of some terms and symbols used as parameters for
system commands:

« Device/file number specifies the device and file to be used. The built~in
tape unit is device 1, the auxiliary tape unit is device 2, diskette drive 1 is
device 11, diskette drive 2 is device 12, and so on. If the value specified is
less than four digits, the default device is assumed and the value specified
represents only the file number (see Default Device in Chapter 2). If the
value specified is greater than three digits, the rightmost three digits specify
the file number and remaining digits specify the device. For example:

Device/File Number Meaning

1 For a 5110 Model 1-Tape unit 1, file 1

For a 5110 Mode! 2-Diskette drive 1, file 1
2002 Tape unit 2, file 2
12002 Diskette drive 2, file 2

« Workspace ID specifies the name of the stored workspace on the media.
See Variable and File Names in Chapter 2 for a description of the valid file
names.

» Password is any combination of up to 8 alphabetic or numeric characters
(with no blanks). If more that 8 characters are entered, only the first eight

are used.

» Object is a user-defined function or variable name.

» Parameters enclosed in brackets can be optiona!l in certain cases.

Note: See Name Processing in Chapter 2 for information on when the
device/file number and file ID parameters are optional for tape and diskette
operations.



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 - 1E 13
Printing width - 64

Printing precision - 5

Random number seed — 16807
Data printed - ALL
Symbols - 126

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 ID, stores the
contents of the active workspace onto tape or diskette (the media) without
changing the active workspace. Primarily, this command stores active status,
such as suspended functions, so that an operation can be resumed later on the
same or a similar machine. When the command is successfully completed,
CONTINUED device/file number workspace ID is displayed.
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The JCONTINUE command on the 5110 is similar in function and format to the
JSAVE command (except as noted below).

Notes:

1.
2.

10.

11.

Syntax

A clear workspace cannot be written on the media.

A workspace with suspended functions can only be written on the media
with the JCONTINUE command (it cannot be written to the media by the
)SAVE command).

JCOPY and )PCOPY commands cannot specify stored workspaces that
were written on the media by the JCONTINUE command.

A stored workspace written to the media by the JCONTINUE command
cannot be loaded into a 5110 active workspace that is smaller than the
original active workspace.

If a stored workspace that was written to the media by the JCONTINUE
command is loaded into another 5110 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 the media.

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

Shared variable execution status can be stored by the JCONTINUE
command. A subsequent RESUME allows the user to resume execution
if the media is restored to the same condition as when the workspace
was stored by the JCONTINUE command (see The )RESUME Command in
this chapter). )

The [JLX system function is executed if the stored workspace is loaded
by the )LOAD command. However, the [JLX system function is not
executed if the workspace is loaded by the JRESUME command.
Workspaces are stored and loaded into the active workspace faster by
the JCONTINUE command than by the }SAVE command.

IMFs (internal machine fixes) are not stored by JCONTINUE. If an IMF

is required for operation of the stored workspace, it should be reapplied

by the JLINK command (if the IMF is not already in the system) before the
workspace is reloaded.

Workspaces stored on tape by the JCONTINUE command cannot be
interchanged between the IBM 5110 and the IBM 5100.

JCONTINUE [device/file number] [workspace ID] [:password]

Where:

device/file number (optional) is the number of the device and file on the
device 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 specified by a previous )WSID 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 media unless the file is marked unused. If the file is
marked unused, the active workspace ID and file workspace ID 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 8 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 JCOPY Command

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

3. If the active workspace contains shared variables, objects having the same
name as a shared variable cannot be copied into the active workspace.

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

device/file number (optional for diskette only) is the number of the device,
and workspace file the objects are copied from.

workspace ID (optional) is the name of the stored workspace on the media.
This parameter is optional only if the device/file number is specified.

:password is the security password assigned by a previous )WSID 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 objects(s) to be copied from

the designated stored workspace. If this parameter is omitted, all global
objects in the designated stored workspace are copied.
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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 media.
Once the file is marked unused, the file is available to be used in the same
manner as a newly formatted file (see The )MARK Command). When the
command is successfully completed, DROPPED device/file number file ID is
displayed.

Note: For diskette files, the JFREE command must be used if the diskette file
space is to be reallocated to another file (see The )FREE Command in this
chapter).

Syntax
)DROP [device/file number] [file ID]
Where:

device/file number (optional for diskette only) is the number of the device
and the file on the media.

file ID is the name of the file to be marked unused. This parameter is
required for all APL stored workspace files and is optional for data files if
the device/file number is specified. The name specified by this parameter
is compared to the media file ID. If the names do not match, the error
message FILE NOT FOUND is displayed.

Note: When a diskette file is dropped, the diskette file name is not changed.

The JERASE Command

The JERASE command erases the named global objects from the active
workspace. No message is displayed after the successful completion of the
command.

Notes:

1. When a pendent function is erased, the response S| DAMAGE is issued.

2. If the object being erased is a shared variable (see Chapter 7), the shared
variable 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).

Syntax
JERASE object name(s)
Where:

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



The )FILEID Command

The )FILEID command is used to change or display the file name on a diskette
volume. When the JFILEID command is issued without specifying a new file
name, device file number file name is displayed. When the )FILEID command
is issued specifying a new file name, WAS device/file number file name is
displayed and the file name is changed to the new file name.

Syntax

JFILEID [device/file number] [current file name] [new file name]

Where:

device/file number {optional) is an integer that specifies the device/file
number.

current file name (optional) is the current name of the file. This parameter is
optional only if the device/file number is specified and a new name is not
specified.

new file name (optional) will be the new name for the file.

The }JFNS Command

The JFNS command displays the names of all global user-defined functions in
the active workspace. The functions are listed alphabetically. If the character
parameter 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.
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The JFREE Command
The JFREE command makes diskette files available for reallocation. After the
file is made available for reallocation, the space can be used for other
numbered files by the JMARK command.
When the command is successfully completed, FREED device/file number file
ID is displayed.

Syntax
JFREE [device/file number] file ID

Where:

device/file number (optional) is an integer that specifies the diskette device/file
number where the diskette file is stored.

file ID is the name of the stored file. This parameter must be specified for APL
workspace files. For data files, this parameter is optional! if the device/file
number is specified.



The JLIB Command

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

File number.

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 ID.

File type. The file type is a two-digit code; the following chart gives the
meaning of each code:

File Type

00
01

02
03
04
05
06

07
08
09

B9

10
1
12
15
16
17
18
19
21
22
23
24
26
72

Description

Unused file

Sequential access—exchange data file

Sequential access—general exchange data file
BASIC source file

BASIC workspace file

BASIC keys file

APL continued file—-5100 only

APL saved file

Sequential access—APL internal format data file
Direct access—exchange, general exchange, and
unblocked/unspanned data file

Direct access—unblocked/unspanned data file that can be
used for exchanging data with other products
Direct access—APL internal format data file

BASIC source file—5110 only

BASIC keys file—~5110 only

Direct access—APL mixed record data file

Patch, tape recovery, and tape copy file—=5100 only
Diagnostic file—5100 only

Communications file—5100 only

IMF file—-5100 only

Patch, tape recovery, and tape copy file—5110 only
Feature file~5110 only

IMF file—=5110 only

Diagnostic file—5110 only

APL continued file—5110 only

Storage dump—tape only

Page of SA21-93030
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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.
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« (Tape only) 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.

« (Diskette only) Write-protect indicator; a P indicates that the file is
write-protected. That is, you cannot write data to the file. Otherwise, this
position is blank.

« (Diskette only) Starting location of the first record in the file. This hex value
is in the format CCHRR, where CC is the cylinder number, H is the head

number, and RR is the sector number.

Following is an example of a tape file header:

006 FILES 07 010,001 0

File Type——l .

Size of the File

Available Storage

Number of Defective Records

'————File ID

File Number

Following is an example of a diskette file header:

0023 FILE23 26 0020,0007 P 19104

File Type__—.J

Size of the File

Available Storage

Write Protect Indicator

Starting Location (CCHRR)

File ID

File Number

You can interrupt the )LIB command operation by pressing the ATTN key.
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Syntax
JLIB [device/file number]
Where:

device/file number (optional) is the number of the device and starting file
number. All file headers from that file to the end of the media are
displayed. If this parameter is not specified, the default device is assumed
and:

« For the 5110 Model 1, the display begins with the first file following the
file you are currently positioned at on tape unit 1

« For the 5110 Model 2, the display begins with the first file on diskette
drive 1

For the tape units, the device number followed by 000 displays the file
headers beginning with the first file you are currently positioned at on the
tape unit. For example, 2000 specifies tape unit 2.

For diskette drives, the device number followed by 000 displays the file
headers beginning with the first file on the diskette drive.

Note: For diskette files, only the file headers of the formatted files (see The
JMARK Command) are displayed.

The JLINK Command

The JLINK command is used to load special programs (file type 21 only), such
as asynchronous communications or customer support functions, into the 5110.

Syntax
JLINK [device/file number] [file ID]
Where:

device/file number (optional for diskette only) is the number of the device
and the number of the file that contains the microcoded programs.

file ID (optional) is the name of the file that contains the microcode
programs. This parameter is optional on diskette only if the device/file
number is specified.

Note: If an 1/0 error or workspace full condition occurs when you are using
the )LINK command, the program is not loaded and the CLEAR WS message
is displayed. In this case, you should press RESTART to clear any IMFs
(internal machine fixes), storage allocated for procedure files, or other special
programs from the active workspace. Then try the )LINK command again. If
the program loads successfully, you must also reload any required IMFs. If the
program still does not load, call your service representative.
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The JLOAD Command

The )LOAD command loads the contents of a stored workspace from the tape
or diskette 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 ID is displayed.

Notes:

1.

2.

Syntax

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

Any shared variables that were established when the stored workspace was
written to the media are not automatically reestablished during a load
operation. (See The )RESUME Command for information on reestablishing
shared variables when a stored workspace was written to the media by the
JCONTINUE command.)

. The system does not successfully terminate current input/output operations

(see Chapter 7) when a )LOAD command is issued. Therefore, if a new data
file is being created or if records are being added to an existing data file
and a )LOAD command is issued without terminating the operation, the file
header is not updated and the file contents are unpredictable.

. If the stored workspace contains a latent expression (see the [JLX system

variable in Chapter 5), the latent expression is always executed when the
JLOAD command is issued.

JLOAD [device/file number] [workspace ID] :password

Where:

device/file number (optional for diskette only) is the number of the device
and the number of the file on the media.

workspace ID (optional) is the name of the stored workspace. This
parameter is optional only if the device/file number is specified.

:password is the security password assigned to the stored workspace by a
previous JWSID, )CONTINUE, or JSAVE command. If no password was
previously 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.
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The JMARK Command

The JMARK command formats the media 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
additional MARK commands.

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

Notes:

1.
2.

Syntax

The ATTN key is not operative during the ]MARK command operation.

If the message ALREADY MARKED is displayed after a )]MARK command
has been issued, the specified file already exists on the media. 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 file and the existing files following the re-marked file cannot be
used again.

. (Diskette only) The files within the range specified by the JMARK command

are the only files on the diskette that are affected.

. {Diskette only) The user can control the location of a file on the diskette

only by using a totally unformatted diskette and issuing JMARK commands
in the same order as the files that are to be formatted on the diskette.

. (Diskette only) If a size of zero is specified, the files within the range

specified by the JMARK command are made available for reallocation. After
the file is made available for reallocation, the diskette space can be used for
other numbered files by the JMARK command.

. (Diskette only) The maximum number of files allowed on a diskette is 19 for

a diskette type 1; 45 for a diskette type 2; 71 for a diskette type 2D (unless
the diskette initialization function was used to get additional file headers;
see the IBM 5110 Customer Support Functions Reference Manual,
SA21-9311).

JIMARK 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.
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The following formulas can be used to determine the maximum size the file
must 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 media storage (number of
1024-byte blocks) that might be required to write the contents of the
active workspace to the media.

« 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 the media.

The amount of storage actually required can vary considerably between
different workspaces because of their content, if they are on tape or
diskette, or if they were written with a )JSAVE or JCONTINUE command.

The formula for a data file (data written to the media with an APL shared
variable~see Chapter 7) when all of the data is contained in the active
workspace is:

MAXSIZE=[ (without-with) + 1024
where:

« MAXSIZE is the maximum amount of media storage {(number of
1024-byte blocks) required to write the data to the media.

« WITH is the value of OWA (see Chapter 5) with the data in the active
workspace.

. WITHOUT is the value of OWA before any data to be written to the
media 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 the media as it is entered from the keyboard. The amount
of media 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 2.

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

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.



device (optional) specifies the device that contains the media to be
formatted. An entry of 1 specifies tape unit 1, 2 specifies tape unit 2, 11
specifies diskette drive 1, and 12 specifies diskette drive 2. If no entry is
made, the default device is used.

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

}MARK 12 4 1
JMARK 16 2 5 Starting File Number
JMARK 10 3 7

To format a diskette on diskette drive 1 for four 12K files, two 20K files, and
one 10K file, the following commands are required:

MARK 12 4 1 11
YMARK 20 2 5 11 Device 11 (diskette drive 1)

JMARK 10 1 7 11

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
displayed, 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 )LOAD or JCLEAR
command or when the machine is first turned on, the ALL option is active.
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The )JPCOPY Command

The JPCOPY command copies all or specified ‘global objects from a stored
workspace 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 the media with the JSAVE command can be
copied.

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

Notes:

1.

2.

Syntax

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

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.

. If the specified object name already exists in the active workspace, the

message NOT COPIED: object name is also displayed.

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

Where:

device/file number (optional for diskette only) is the number of the device
and the stored workspace file.

workspace D (optional) is the name of the stored workspace on the media.
This parameter is optional only if the device/file number is specified.

:password is the security password assigned by the previous JWSID or
)SAVE command. If no password was assigned, 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 omitted, all global objects in the
designated stored workspace are copied, except those already in the active
workspace (if any).



The )PROC Command

The JPROC command opens an external procedure file that is used by the 5110
as an alternative to keyboard input (see Chapter 2). A procedure file contains
character records that represent any input that is possible to enter from the
keyboard, such as system commands, function definitions, or APL statements.

When a )PROC command is issued, all input comes from the procedure file
until the end-of-data is reached. Then the 5110 goes back to using regular
keyboard input.

Notes:

1. The JPROC command requires 768 bytes from the active workspace. This
space can be allocated only in a CLEAR WS; therefore, the active
workspace is always cleared the first time a )PROC command is issued. The
active workspace is not cleared for any subsequent }PROC commands
because the 768 bytes are already allocated.

2. You can establish the 768 bytes of active workspace by issuing the )PROC
command without any parameters. This allows you to clear the active
workspace, establish the 768-byte area required by the )PROC command,
use the active workspace for any APL operations, and issue subsequent
)JPROC commands when you are ready to execute statements from a
procedure file.

Syntax
JPROC [device/file number] [file ID]

Where:

device/file number (optional for diskette only) is an integer that specifies the
device /file number where the procedure file is stored.

file ID (optional) is the name of the procedure file. This parameter is
optional only if the device/file number is specified.
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The JPROTECT Command

The JPROTECT command invokes or removes the write-protect indicator on a
diskette file. When the write-protect indicator is on for a specified diskette
file, you cannot write to that diskette file. This will prevent someone from
writing data to a diskette file accidently.

Syntax
)PROTECT [device/file number] [file ID] [OFF/ON]

Where:

device/file number (optional) is an integer that specifies the device/file
number where the write-protect indicator is invoked or removed.

file 1D (optional) is the name of the diskette file. This parameter is optional
only if the device/file number is specified.

OFF /ON (optional) specifies whether the write-protect indicator is to be
removed (OFF) or invoked (ON). This parameter can be used only when the
file ID is specified. If this parameter is not specified, the write-protect
indicator is invoked.



The JRESUME Command

The JRESUME command loads the contents of a workspace that was stored by
the JCONTINUE command into the active workspace and attempts to
reestablish the system’s environment as it was when the workspace was
stored.

This includes reestablishing shared variables and reestablishing suspended
functions. For shared variables, an attempt is made to reestablish the shared
variables as follows:

-+ Diskette data files are checked to make sure they are on the proper diskette
drive. If the data files are not on the proper diskette drive, a WRONG
VOLUME error message is displayed. However, the stored workspace is
still loaded into the active workspace.

If the WRONG VOLUME error message is displayed, place the diskette
containing the correct data files in the proper diskette drive before doing
any input/output.

CAUTION
If the correct diskette is not placed in the proper diskette drive, data on the
diskette presently in the diskette drive can be overwritten and lost.

« Tape files are not checked. It is assumed that all tapes remain in the correct
position and are mounted on the correct devices. If the wrong tape is
placed in the tape drive or if the tape has been repositioned, it is possible to
overwrite in the wrong location.

« Any shared variables to the printer are reestablished.

« Any shared variables to attached serial /O devices are reestablished;
however, you are responsible for establishing the correct serial 1/0
environment (such as making sure the serial 1/0 devices are attached)
before issuing the JRESUME command.

When the JRESUME command is used, the latent expression ([JLX) is not

executed and JOUTSEL ALL is assumed unless a shared variable to the printer

was specified. When the command is successfully completed, RESUMED
device/file number workspace ID is displayed.
Syntax
)JRESUME [device/file number] {workspace ID] :password
Where:

device/file number (optional) is the number of the device and file number of
the stored workspace.

workspace ID (optional) is the name of the stored workspace. This
parameter is optional only if the device/file number is specified.
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:password is the security password assigned to the stored workspace by a
previous )WSID or JCONTINUE command. If no password was previously
assigned, a password cannot be specified. If a password was assigned to
the stored workspace but is not specified, or if it is specified incorrectly for
this command, the error message WS LOCKED is displayed.

The JREWIND Command

The JREWIND command rewinds the specified tape. No message is 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 this
parameter is omitted, tape 1 is rewound.

The )SAVE Command

The )SAVE command stores the contents of the active workspace onto the
media without changing the contents of the active workspace. Individual global
objects can be copied from the stored workspace to the active workspace.
When this command is successfully completed, SAVE device/file number
workspace ID is displayed. Do not remove the tape or diskette until this
message is displayed.

Notes:

1. A clear workspace or a workspace with suspended function cannot be
written to the media by the )JSAVE command; however, a workspace with
suspended functions can be written to the media by the JCONTINUE
command.

2. The JCOPY and JPCOPY commands can specify stored workspaces that
were written on the media 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 the media by the )SAVE command can be
loaded into another 5110 with a smaller active workspace.

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

b. Shared variables cannot automatically be reestablished in the active
workspace when the workspace is stored on the media by the JSAVE
command. However, the shared variable can be automatically reestablished
in the active workspace when the workspace is stored by the JCONTINUE
command.

6. IMFs (internal machine fixes) are not stored by the JSAVE operation. If an
IMF is required, it is necessary to use the )LINK command to reload the IMF
(if the IMF is not already in the system) before the stored workspace is
reloaded.

7. Only workspaces stored on the media by the }SAVE command can be
interchanged between the 5110 and the 5100.



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

device/file number (optional) is the number of the device and the file on the
tape or diskette 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 )WSID 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 media unless the file is mark unused. If the file is
marked unused, the active workspace and 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 8 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. 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 )SINL Command
The )SINL command displays the names of the suspended and pendent
user-defined functions 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.
Syntax
)SINL

There are no parameters.
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The )SORT Command

The )SORT command transfers system control to the sort feature (see the
5110 Customer Support Functions Reference Manual, SA21-9311, for a
complete description of the sort feature).

Note: If the )JSORT command is issued from a procedure file (see The )PROC
Command), the statement immediately following the )JSORT command
statement is used as the initial input to the sort feature. When the sort feature
is complete, the 5110 continues to take input from the procedure file.

Syntax
)SORT

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
JCLEAR command has been issued. In a clear workspace, the number of
symbols allowed is initially set to 125 by the 5110. When the command is
used to display the number of symbols aliowed, 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 the media.



Syntax
)JSYMBOLS [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 8 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 you write the
workspace to the media with a )SAVE or JCONTINUE command and then
reload the workspace 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 comm?d.hﬁ

d. Copy the stored workspace to the active workspace with thé JCOPY i
command. :

e. The workspace ID and [JLX must be respecified.

The )VARS Command
The )VARS command displays the names of all global variables in the active
workspace. 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.
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The JVOLID Command

The )VOLID (volume ID) command is used to change or display the volume ID

or change the access-protect indicator of a diskette device. When the }VOLID

command is issued without any parameters, volume ID owner ID record size is
displayed. When the )VOLID command is issued with parameters,

WAS volume ID owner ID record size is displayed.

Note: The record size cannot be changed by the )VOLID command.

~ Syntax

)JVOLID [device number] [volume ID] [owner ID] [access-protect indicator]

Where:
device number (optional) is the number of the diskette device.

volume ID (optional) will be the new identifier for the diskette volume. This
parameter can be up to 6 alphabetic and numeric characters.

owner ID (optional) is the new identifier for the owner of the diskette
volume. This parameter can be up to 14 alphabetic and numeric characters.
If this parameter is not specified, the owner ID is not changed.

access-protect indicator (optional) is specified as either ON or OFF. This
parameter can be specified only when the volume ID and owner ID
parameters are also specified. The access-protect indicator prevents
unauthorized access to the diskette volume; any attempt to access the
diskette generates an ERROR 043 message.

Following are examples of using the )VOLID command:
JVOLID Displays the volume ID, owner ID, and

record size of the diskette on diskette drive
1.

JVOLID 12 Displays the volume ID, owner ID, and
record size of the diskette on diskette drive
2.

JVOLID 11 NEW Changes the volume ID of the diskette on

diskette drive 1 to NEW; the owner ID
remains the same.

JVOLID 11 NEW JOHN Changes the owner ID of the diskette on
diskette drive 1 to JOHN; the volume ID is
also changed if the volume ID was not
already NEW.

JVOLID 11 NEW JOHN ON Sets the access-protect indicator on for the
diskette on diskette drive 1.



The )WSID Command

The )WSID (workspace ID) command is used to change or display the
device/file number and workspace ID of the active workspace. The YWSID
command is also used to change or assign the security password. If a )]SAVE
or JCONTINUE command is specified without any parameters, the contents of
the active workspace are written to the device and file number specified by the
)WSID command. When the )WSID command is issued without any
parameters, device/file number workspace ID is displayed. When the WSID
command is issued with parameters, WAS device/file number workspace ID is
displayed.

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

Syntax
JWSID [device/file number] [workspace ID] [: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 )SAVE or
JCONTINUE command is issued.

Note: If this parameter is omitted, the device/file number is cleared: a
)SAVE or JCONTINUE command will not work unless a device/file number
is specified in that )SAVE or JCONTINUE command.

workspace ID (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 combination of up to 8 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 4. Primitive (Built-In) Functions

APL functions are of two types: user-defined and built-in. User-defined
functions are discussed in Chapter 6. Built-in functions, called primitive
functions, are denoted by a symbol and operate on the data you supply to
them.

The value or values you supply are called arguments. Primitive functions that
use two arguments, such as A+B, are said to be dyadic; functions that use
one argument are said to be monadic, such as +B, which yields the reciprocal
of B. Arguments can be single data items (scalars), strings of data (vectors),
tables of data (matrices), or multiple tables of data (N-rank arrays). Arguments
can also be expressions or user-defined functions that result in a scalar,
vector, matrix, or N-rank array.

There are two types of primitive functions: scalar functions and mixed
functions. There are also operators that operate on the primitive functions.
Examples of the functions and operators are provided throughout this chapter
for easy reference and are set up as they would appear on the display.

PRIMITIVE SCALAR FUNCTIONS

Scalar functions operate on scalar arguments and arrays. They are extended to
arrays element by element. The shape and rank of the result depend on the
shape and rank of the arguments. For dyadic scalar functions, the relation
between the types of arguments and the shape of the result is shown in the
following table. Each scalar function is described following the table:

Argument A Argument B Result
Scalar Scalar Scalar
Array Array with the same Array with the same
shape as A shape as the
arguments
Scalar or one- Array of any Array with the
element array shape same shape as
argument B
Array of Scalar or one- Array with the same
any shape element array shape as argument A
One-element One-element array One-element array
array with the rank with the shape of
different from the the array with the
rank of A greater rank
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The + Function: Conjugate, Plus
+

Monadic (One-Argument) Form: Conjugate +B

The conjugate function does not change the argument. The argument can be a
numeric scalar, vector, or other array, and the shape of the result is the same

as that of the argument:

+5

A
+ i
bl Hel

W

If B is an array, the function is extended to each of the elements of B. The

shape of the result is the shape of B:

Bed Fp73 72 Lo 1 2
B

"3 72 7y

-
4+ 13

3 27l

U 2

Dyadic (Two-Argument) Form: Plus A+B

The plus function results in the sum of the two arguments. The arguments can
be numeric scalars, vectors, or other arrays. Arguments must be the same
shape, unless one of the arguments is a scalar or single-element array. If the
arguments have the same shape, the result has the same shape as the

arguments:
3+3
&
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DAL TE 8
S
HokoLOTL O TEHHLL 200
10.2 3 711



if one argument is a scalar or single-element array, the shape of the result is
the same as that of the other input argument. The single element is applied to

every element of the multielement array:

W
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The - Function: Negation, Minus
’ +

Monadic (One-Argument) Form: Negation -B

The negation function changes the sign of the argument. The argument can be
a numeric scalar, vector, or other array. The shape of the result is the same as
that of the argument:

AeTL T3

If the argument is an array, the function is extended to each element of the

array.

Be2 Zpm2 T2 710

ey g
12
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&
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Dyadic (Two-Argument) Form: Minus A-B

The minus function subtracts argument B from argument A. The arguments
can be numeric scalars, vectors, or other arrays. The arguments must be the
same shape unless one of the arguments is a scalar or any single-element
array. If the arguments are the same shape, the result has the same shape as
the arguments:

5 e 10}
1
L 1)
!
9
20 Ty
o

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other input argument. The single element is applied to
every element of the multielement array:

RBe2 Fpl 2 3 0§ 4

R
123
b 5 4
31
2 1 0
172 73
B3
2710
I 2 3

The x Function: Signum, Times
X

Monadic (One-Argument) Form: Signum XB

The signum function indicates the sign of the argument. If the argument is
negative, 1 is the result; if the argument is zero, then O is the result; if the
argument is positive, 1 is the result. The argument can be a numeric scalar,
vector, or other array. The shape of the result is the same as that of the
argument:

XUR2G 0 33
101



If the argument is an array, the function is extended to each of the elements:

Bed Zp72 7L 0 1L 23

B
2 710
P2 3

X

Dyadic (Two-Argument) Form: Times AXB

The times function result is the product of argument A times argument B. The
arguments can be numeric scalars, vectors, or other arrays. The arguments
must be the same shape, unless one of the arguments is a scalar or any
single-element array. Arguments of the same shape have the same shape

result:
2x20
W2
AKX TH
TlLa
i 1y
0o1R.3

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other input argument. The single element is applied to
every element of the multielement array:

Be2 3pl 2 3 4 5 6
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The + Function: Reciprocal, Divide
X

Monadic (One-Argument) Form: Reciprocal +B
The reciprocal function result is the reciprocal of the argument. The argument

can be a numeric scalar, vector, or other array. The shape of the result is the
same as that of the argument:

0,25
0.5

If the argument is an array, the function is extended to each of the elements:

Re2 2o 8

B
2

B
0.5 2
0.5 2

Dyadic (Two-Argument) Form: Divide A%B

The divide function result is the quotient when argument A is divided by
argument B. The arguments can be numeric scalars, vectors, or other arrays.
The arguments must be the same shape unless one of the arguments is a
scalar or a single-element array. Arguments of the same shape have the same
shape result:

T T




If one argument is a scalar-or a single-element array, the shape of the result is
the same as that of the other input argument. The single element is applied to
every element of the multielement array:

Be2 2pl 10 20 100

B
10
20 100
AR
3 0.3
0,15 0,03

Note: There are two additional rules that apply to the divide function:
1. When zero is divided by zero, the result is 1:

0-=0
1

2. Any value other than zero cannot be divided by zero:

3+0
NOMA TN ERROR
A0
s

The [ Function: Ceiling, Maximum
s

Monadic (One-Argument) Form: Ceiling [ B

The ceiling function result is the next integer larger than the argument (the
argument is rounded up), unless the argument already is an integer. In this
case, the result is the same as the argument. The argument can be a numeric

scalar, vector, or other array. The shape of the result is the same as that of
the argument:
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If the argument is an array, the function is extended to each of the elements:

Bed 2p1 1.3 1.5 2
[
1 L3
1.5 2
[k
12
)
&2

A

Note: The result of the ceiling function depends on the [ICT system variable
(see Chapter 5 for information on the [JCT system variable).

Dyadic (Two-Argument) Form: Maximum Al B

The maximum function result is the larger of the arguments. The arguments
can be numeric scalars, vectors, or other arrays. The arguments must be the
same shape unless one of the arguments is a scalar or any single-element
array. Arguments of the same shape have the same shape result:

Bl
&
Ara
A
6T 1.0

CHELL T TArG L 2007
S.0 20 73

If one argument is a scalar or a single-element array, the shape of the result is

the same as that of the other argument. The single element is applied to every
element of the multielement array:

BeR Zel 203 w05 4
B




The L Function: Floor, Minimum
D

Monadic (One-Argument) Form: Floor B

The floor function result is the next integer smaller than the argument (the
argument is rounded down) unless the argument is already an integer. In this
case, the result is the same as the argument. The argument can be a numeric

scalar, vector, or other array. The shape of the result is the same as that of
the argument:

L3.9 2.3

)
I}

If the argument is an array, the function is extended to each of the elements:

Be2 2pl 1.5 1.6 2
B3]
1.5

é 2

Note: The result of the floor function depends on the (JCT system variable
(see Chapter 5 for information on the [JCT system variable).

Dyadic (Two-Argument) Form: Minimum ALB

The minimum function result is the smaller of the arguments. The arguments
can be numeric scalars, vectors, or other arrays. The arguments must be the
same shape unless one of the arguments is a scalar or any single-element
array. Arguments of the same shape have the same shape result:

B4
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If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Bed Zpl 23 4 5 46
B
123

123

333

The | Function: Magnitude, Residue |
‘ M

Monadic (One-Argument) Form: Magnitude |B

The magnitude function result is the absolute value of the argument. The
argument can be a numeric scalar, vector, or other array. The shape of the
result is the same as that of the argument:

7.9
7.9

173
3

If the argument is an array, the function is extended to each of the elements:

Be2 207501 71 0 F.14
B
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I
5.1 1

0 3,10



Dyadic (Two-Argument) Form: Residue A|B

The residue function result (when both argument A and argument B are
positive) is the remainder when argument B is divided by argument A. The
following rules apply when using the residue function:

1. If argument A is equal to zero, then the result is equal to argument B:
glé
&
2. If argument A is not equal to zero, then the result is a value between

argument A and zero (the result can be equal to zero, but not equal to
argument A). The result is obtained as follows:

a. When argument B is positive, the absolute value of argument A is
subtracted from argument B until a value between argument A and
zero is reached:

[T
A5

b. When argument B is negative, the absolute value of argument A is
added to argument B until a value between argument A and zero is
reached:

The arguments can be numeric scalars, vectors, or other arrays. The

arguments must be the same shape, unless one of the arguments is a scalar or
any single-element array. Arguments of the same shape have the same shape .
result:

R I DI

TEPTLRLE

A roud
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If one argument is a scalar or a single-element array, the shape of the resuit is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Be2 3pl 2 3 B0 6

B
123
o5 4

KRN
120
1@

The * Function: Exponential, Power
3

Monadic (One-Argument) Form: Exponential *B

The exponential function result is the Naperian base e (2.718281828459045)
raised to the power indicated by the argument. The argument can be a
numeric scalar, vector, or other array. The shape of the result is the same as
that of the argument:

]
2,7183

%3
20,086

If the argument is an array, the function is extended to each element of the

array:
ReR 200 1 2 03
B
o1
23
¥
1 2.7183
TLOARYL 20,0848



Dyadic (Two-Argument) Form: Power A*B

The power function result is argument A raised to the power indicated by
argument B. The arguments can be numeric scalars, vectors, or other arrays.
The arguments must be the: same shape unless one of the arguments is a

scalar, or any single-element array. Arguments of the same shape have the
same shape result:

L]
8
T D¢
0.2%
X0
1
%,
3
2RTR
0.12% 2% 3=1/2>=1/8=.125

To find the root of a number, you raise the number to the power indicated by
the reciprocal of the root. For example, to find the square root:

1 9 Léwsl
123 0h

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

e Zpl 2 3 4
B

12

3 4
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The @ Function: Natural Log, Logarithm
P

You form the ® symbol by overstriking the © symbol and the * symbol.

Monadic (One-Argument) Form: Natural Log @B
The natural log function result is the log of the argument B to the Naperian
base e (2.718281828459045). The argument can be a nonnegative numeric
scalar, vector, or other array. The shape of the result is the same as that of
the argument:

B, 71IE3

w20, 084
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If the argument is an array, the function is extended to each element of the

array:
Re2 2pl 3 10 20
[
13
10 20
B
n 1.09868
203026 2.9957

Dyadic (Two-Argument) Form: Logarithm A®B

The logarithm function result is the log of argument B to the base of argument
A. The arguments can be numeric scalars, vectors, or other arrays. The

arguments must be the same shape, unless one of the arguments is a scalar or
any single-element array. Arguments of the same shape have the same shape

result:
pRE:Es
3
Jolwmi2. g
2025939
DO onaR v 1é
22

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Be2 201 2 3 4

B
12
34
10mp
0 0.30103
0, 47712 b, 60204

The O Function: Pi Times, Circular

Monadic (One-Argument) Form: Pi Times OB

The pi times function result is the value of pi (3.141592653589793) times B.
The argument can be a numeric scalar, vector, or other array. The shape of the
result is the same as that of the argument.
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If the argument is an array, the function is extended to each element of the

array:
Be 20l 2 34
B’
12
K
OR ,
Folwlé H.o2832
@oN2ue 12,546

Dyadic (Two-Argument) Form: Circular AOB

The circular function result is the value of the specified trigonometric function
{argument A) for the specified radians (argument B). The arguments can be
numeric scalars, vectors, or other arrays. Arguments must be the same shape,
unless one is a scalar or single-element array. Arguments of the same shape
have the same shape result. The following is a list of the values for the A
argument and the related functions performed. A negative argument A is the
mathematical inverse of a positive argument A; any values for argument A
other than the following will resuit in DOMAIN ERROR:

Value of A

0oB
10B
208B
3oB
408
50B
60B
708B
T1oB
~20B
“30B
“40B
“boB
“608B

“70B

Operation Performed

(1-B*2 )% .5~

Sine B B

Cosine B

Tangent B

(1+B%2) *.5 B

Hyperbolic sine of B (sinh B)
Hyperbolic cosine of B (cosh B)
Hyperbolic tangent of B (tanh B)
Arcsin B

Arccos B

Arctan B

(T 14B*2) x b ———e
Arcsinh B _ 1
Arccosh B

Arctanh B
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If B is 45°, here is how to solve for the sine, cosine, and tangent of B (45° is
equivalent to pi radians divided by 4):

I.} & () |+
It The left argument specifies
0. 7854 / the trigonometric function.
Lok
0.70711 Sine of B
2OR
0.70711 Cosine of B
JOR
1 Tangent of B

If B is the sine of an angle, then OOB yields the cosine of the same angle, and
conversely, if B is the cosine, 0OB yields the sine. Suppose you wanted the
sine of 30°, which is equivalent to pi divided by 6:

Belolord)

1

0.% Sine of 30°
0oR

0.864603 Cosine of 30°
He20(0+4)
I

0.86603 Cosine of 30°
goR

0.5 Sine of 30°

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Aed dpl 234

R0l
2}
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X
B
0,785y
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0,70711 0.70711
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The ! Function: Factorial, Binomial @
K

You form the ! symbol by overstriking the quotation mark (') and the period
(.)

Monadic (One-Argument) Form: Factorial !B

The factorial function result is the product of all the positive integers from one
to the number value of the argument. The argument can be a positive numeric
scalar, vector, or other array. The shape of the result is the same as that of
the argument:

i
24
Lx2xExly
24
L 238 5
12 & 2w 120

The factorial function also works with decimal numbers and zero, but negative
integers are not allowed. When used in this way, factorial can be defined by
use of the mathematical gamma function—{! A) is equal to gamma (A+1):

13,14
71733

1o
1

If the argument is an array, the function is extended to each of the elements:

Re2 2p0 1 203
R

2 6
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Dyadic (Two-Argument) Form: Binomial A!B

The binomial function result is the number of different combinations of
argument B that can be taken A at a time. The result of A!B is also the
(A+1)th coefficient of the binomial expansion of the Bth power. The
arguments can be numeric scalars, vectors, or other arrays. The arguments
must be the same shape, unless one of the arguments is a scalar or any
single-element array. Arguments of the same shape have the same shape
result;

214
b

214 IW IX IY IZ ]<—~—-ArgumentB
15

310 WX
0 wYy

013 WZI\ The combinations of
i XY argument B taken

213 XZ argument A(2) at a time
3 YZ

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

012 313
1 3 31
01 2 3 uiy
LW 64 1
Bed 200 1 2 3
&
01
23
RIS
1 5
10 10

2075 w5 L

10 10 7.87% &

If noninteger arguments are used, this function relates to the beta function as
follows: Beta (P,Q) is equal to +Qx(P-1)!P+Q-1



The ? Function

: Roll| 2
Q

Monadic (One-Argument) Form: Roll ?B

The roll function result is a randomly selected integer from O through B-1 or 1

through B

(depending on the index origin). Each integer in the range has an

equal chance of being selected. The argument can be a positive integral scalar,
vector, or other array. The shape of the result is the same as that of the

argument:

202

?300
a0

wEHOT 9

PhH b

If the argument is an array, the function is extended to each element of the

array:

1L 22
Wi 5

w12

-
4003

Bed Fepll 22 33 WL GBE A6
3

33

&b

7

28

K3

Dyadic (Two-Argument) Form

See the deal function later in this chapter under Primitive Mixed Functions.

Primitive (Built-In) Functions

77



78

The A Function: And

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: And AAB

The and function result is 1 when A and B are both 1; otherwise, the result is
0. The value of the arguments must be either O or 1. The arguments can be
scalars, vectors, or other arrays. The arguments must be the same shape,
unless one of the arguments is a scalar or any single-element array.
Arguments of the same shape have the same shape result:

And Table
Ol
0 Operator
1Al \
1 A |<— Argument A
1a0
0
00 1 1Aa0 1 0 1
00 01

\____ Argument B

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Re 2p0 1 L0
B

1A



The VFunction: Or

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Or AvVB

The or function result is a 1 when either or both arguments are 1; otherwise,
the result is 0. The values of the arguments must be 1 or 0. The arguments
can be scalars, vectors, or other arrays. The arguments must be the same
shape, unless one of the arguments is a scalar or any single-element array.
Arguments of the same shape have the same shape result:

Or Table
1vo
1 Operator
0 |e———— Argument A
0 0 1 1v0 1 0 1
01 11

Argument B

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

RBe 20 1L 0 L
H

01

01
Lvis
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The ~ Function: Not ; l

Monadic (One-Argument) Form: Not ~B

The not function result is 1 when B is 0 and O when B is 1. The values of the
argument must be 1 or 0. The argument can be a scalar, vector, or other array.
The shape of the result is the same as that of the argument:

~ )
1
~]
0
If the argument is an array, the function is extended to each element of the
array:
Be2 Xp0 1
o
D10
Lo d
w4
101
010

Dyadic (Two-Argument) Form

There is no dyadic form.



The A Function: Nand ' ~
0 T

. You form the X symbol by overstriking the and (A) and the not (~) symbols.

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Nand AAB

The nand function result is O when both A and B are 1; otherwise, the result is
1. The values of the arguments must be 1 or 0. The arguments can be
scalars, vectors, or other arrays. The arguments must be the same shape,
unless one of the arguments is a scalar or any single-element array.
Arguments of the same shape have the same shape result:

Nand Table

0%1 Operator —s A «—————— Argument A
1

11
0

0 01 1X0 1 0 1
1110

Argument B
If one argument is a scalar or a single-element array, the shape of the result is

the same as that of the other argument. The single element is applied to every
element of the multielement array:

Be2 200 1

R
01
01

LER
10
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The ¥ Function: Nor 7 I

You form the V symbol by overstriking the or (V) and the not (~) symbols.

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Nor AVB

The nor function result is 1 when A and B are both 0; otherwise, the result is
0. The values of the arguments must be 1 or 0. The arguments can be
scalars, vectors, or other arrays. The arguments must be the same shape,
unless one of the arguments is a scalar or any single-element array.
Arguments of the same shape have the same shape resuit:

Nor Table

Operator —s ¥ ~-———— Argument A

140
0

0%0
1

0 01 1¢0 101
1000

Argument B

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Bed 200 1
B

01

01
0&n
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The > Function: Greater Than

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Greater Than A>B

The greater than function result is 1 when argument A is greater than argument
B; otherwise, the result is 0. The arguments can be numeric scalars, vectors,
or other arrays. The arguments must be the same shape, unless one of the
arguments is a scalar or any single-element array. Arguments of the same
shape have the same shape resulit:

1,562

5.1 % 0 Ty

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Be2 Jpl 2 3 4 5 4
b

3

&

3R

0

0

=
ka3

= e
oo

Notes:

1. The resuit of the > function depends on the [(JCT system variable (see
Chapter 5 for information on the [JCT system variable).

2. When the > function is used with logical data (see Chapter 2), a system

error display can occur if the number of elements in the right argument is a
muitiple of 32. The following are examples:

. Primitive (Built-In) Functions
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The = Function: Equal To {@

| To prevent this error, separate the statement into two statements as
! f
ollows:

Yeileld
D=y

First, assign the right argument for the >

fehe7pl function to a variable.
YRl vall
CAUTAY Y ‘Then, use the variable as the right argument

‘for the > function.

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Equal To A=B

The equal to function result is 1 when the value of argument A equals the value
of argument B; otherwise, the result is 0. The arguments (numeric or
character) can be scalars, vectors, or other arrays. The arguments must be the
same shape, unless one of the arguments is a scalar or any other
single-element array. Arguments of the same shape have the same shape

result:

0=5
0

1.650321=1,654321
1

i='4a"'
0

A'="R'
0
]

0

135 7=2 3 4

i

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

At w aRAlADARAF &G
101010101010
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Notes:
1. If the arguments are numeric, the result of the = function depends on the
OCT system variable {(see Chapter 5 for information on the [JCT system
variable).
2. When the = function is used with logical data (see Chapter 2), a system
error display can occur if the number of elements in the right argument is a
multiple of 32. The following are examples:

Du=YeX20]

AeRe70pl
CEMF A =R 640 ‘

To prevent this error, separate the statements as follows:

First,, assign the right argument for the =
function to.a variable. '

Then, use the variable as the right argument
for the = function.

The < Function: Less Than ;

Monadic (One-Argument) Form

There is no monadic form.

Dyadic (Two-Argument) Form: Less Than A<B

The less than function result is 1 when argument A is less than argument B;
otherwise, the result is 0. The arguments can be numeric scalars, vectors, or
other arrays. The arguments must be the same shape, unless one of the
arguments is a scalar or any single-element array. Arguments of the same
shape have the same shape result:

1,652
1

ery
1

T
1

0<%, 4
0

10L23400 1323
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C o

If one argument is a scalar or a single-element array, the shape of the result is
the same as that of the other argument. The single element is applied to every
element of the multielement array:

Be2 3p1l 2 3 4 35 6

ra
s

iy

_ 0
- O

[
=

Notes:

1. The result of the < function depends on the [JCT system variable (see
Chapter 5 for information on the JCT system variable).

2. When the < function is used with logical data (see Chapter 2), a system
error display can occur if the number of elements in the right argument is a
multiple of 32. The following are examples:

DY X0

AERET0 ]

COMTEY SR AN]

To prevent this error, separate the statement into two statements as
follows:

First, assign the right argument for the <
function to a variable.

Then, use the variable as the right argument
Caltay =y for the < function.

The > Function: Greater Than or Equal To
6

Monadic (One-Argument) Form

There is no monadic form.
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Dyadic (Two-Argument) Form: Greater Than or Equal To A>B

The greater than or equal to function result is 1 when argument A is greater
than or equal to argument B; otherwise, the result is 0. The arguments can be
numeric scalars, vectors, or other arrays. The arguments must be the same
shape, unless one of the arguments is a scalar or any<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>