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PREFACE

This manual describes version 2 of APL on both the TOPS-10 and TOPS-20
operating systems. There are two implementations of APL on each sys-—
tem, APL-Basic and APLSF (System Functions). APLSF is a superset of
APL-Basic. To distinguish APLSF from APL-Basic, we have shaded the
text describing features available only in APLSF.

This document is not an APL tutorial manual. Therefore, if you are
unfamiliar with the APL language, you should read an APL primer before
reading this manual. Also, because you will be using APL in conjunc-
tion with either TOPS-10 or TOPS-20, you should have the latest edi-
tions of the following documents on hand:

1. TOPS-20 User's Guide

2. TOPS-20 Monitor Calls Reference Manual

or

3. TOPS-10 Operating System Commands Manual

4. TOPS-10 Monitor Calls Reference Manual

Xi



Conventions Used In This Manual

H D Special square brackets indicating operational
information that can be omitted from a command
string.
{ } Braces indicating a choice. Choose one from

the enclosed.

Lowercase letters Lowercase characters in a command string indi-
cating variable information you supply.

UPPERCASE LETTERS Uppercase characters in a command string indi-
cating fixed (literal) information that you
must enter as shown.

Examples All examples were produced on an LA37 using
either TOPS~10 or TOPS-20.

Contrasting Colors Red - Where examples contain both user input
and computer output, the characters you type
are in red; the characters APL prints are in
black.

APL Refers to both APIL-Basic and APLSF.
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CHAPTER 1

THE APL OPERATING ENVIRONMENT

1.1 INTRODUCTION

APL (A Programming Language) is a language interpreter that runs under
the control of either of two operating systems, TOPS-10 or TOPS-20.
The TOPS-10 and TOPS-20 operating systems provide the APIL user with
standard timesharing features, such as resource allocation, job con-
trol, device handling, and usage accounting.

Because APL is a very compact programming language, it is suited for
handling numeric and character array-structured data. In addition to
its mathematically concise format, APL is also an efficient general
data-processing language.

APL is a 2-segment system. The code segment or shared segment, is
the APL interpreter consisting of code shared among all APL users.
The data segment is the APL user's workspace. Each user has a data
segment, but there is only one copy of the interpreter.

1.1.1 Workspaces

A workspace is a block of storage where all interaction with APL takes
place. Each time you access APL, you are issued a clear workspace in
which to define variables and functions as well as to execute APL
statements. The size of an APL workspace is dynamic and can vary from
2K to 176K 36-bit words on TOPS-10. On TOPS-20, the figure is express-
ed in pages of 36-bit words, 4P to 352P. The default workspace size
is 20K on TOPS-10 and 40P on TOPS-20. If you need to change the size,
refer to the )MAXCORE command, Section 5.3.1.

There are three states your workspace can assume as you proceed
through an APL session:

1. Clear workspace
2. Active workspace
3. Inactive workspace

At the beginning of an APL session, you are given a fresh workspace:
the clear workspace. It has no open files, no defined variables or
functions; it has a clear (empty) symbol table, and a clear (empty)
state indicator. System variables are set to their default values.
Once you start typing information into your workspace, it is no longer
clear. The workspace you are currently using is your active workspace.
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All functions and variables you define during the current APL session
are stored temporarily in this workspace. You can save an active
workspace as a file, in binary format, on a secondary-storage device,
such as a disk or magnetic tape. An active workspace becomes an in-
active workspace when you save it. You can save several workspaces
in your disk area; however, only one can be active at any one time.
As a group, inactive workspaces are known as a private library.

When you save a workspace, you are not only saving functions and vari-
ables, but also the APL symbol table, state indicator and some system
variable settings. When you retrieve an inactive workspace from your
library, it again becomes your active workspace.

A workspace can be named, copied, saved, retrieved, deleted, renamed,
protected, and cleared. These workspace operations are described in
Chapter 5.

1.2 HARDWARE

The APL language consists of a special character set in which Greek

letters and a variety of other special characters represent APL lan-
guage functions and operators. Examples of such special characters

include 1, O, VvV, and e.

TOPS-20 and TOPS-10 support a variety of terminals for use with the
API, system. Some terminals provide keyboards with the full APL char-
acter set (such as the LA37 in Figure 1-1). However, terminals with-
out the APL keyboard can also be used to access APL. On non-APL
terminals, you can use a special set of keyword mnemonics to represent
APL symbols. See Table 1-2 for both character sets.

You select the APL character set or the mnemonic character set when
you begin an APL session. APL prompts you with:

terminagl ..

You respond with one of the terminal designators listed in Table 1-1.
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Table 1-1
APL Terminals and Designators
Terminal Designator
IBM Selectric! -type 2741

terminal with APL
typing element, or equivalent

Bit-paired ASCII/APL terminal BIT

Key-paired ASCII/APL terminal KEY

DECwriter II model LA36 with LA36

APL option (LA37)

Tektronix?® 4013 4013

Tektronix? 4015 4015

Any terminal without TTY ﬂ/terminalﬂ

APL character set

lgselectric is a registered trademark of IBM.
2Tektronix is a registered trademark of Tektronix, Inc.

The /terminal switch with the TTY designator can be any one of the
other terminal designators in Table 1-1, for example TTY/BIT. This
switch is optional. It takes effect when you use the )OUTPUT command
(Section 7.9).

When you specify LA36, 4013, or 4015, that designator causes character
font-switching sequences to be sent to the terminal when you enter and
leave APL. This means that you do not have to manually switch charac-
ter sets by pushing a button on the terminal. Specification of KEY
does not have this effect.

1.2.1 APL-Keyboard Terminals

The keyboard illustrated in Figure 1-1 is a typical APL-keyboard ter-
minal; you can use it in either ASCII or APL mode. When you access
APL, the characters are received and interpreted by the APL system.
Note that letters, numbers, and some of the special characters appear
in the conventional keyboard positions. In APL mode, the letters print
only in uppercase and are produced only when the keyboard is not shift-
ed. The full APL character set is described in Table 1-2.



ATTTEECEREEPLRE
= DT Tl e
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Figure 1-1 The APL Keyboard (LA37 Terminal)
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1.2.2 Terminals Without the APL Keyboard

If you do not have a terminal with an APL keyboard, you can use a com-
bination of keyword mnemonics, or escape characters, and ASCII charac-
ters to interact with the APL interpreter. First, you respond with

TTY when APL prompts for a terminal designator (Section 1.2). Then you
can input any of the keyword or escape-mode equivalents listed in

Table 1-2.

For example, to represent the APL rho symbol (p), either type the
mnemonic .RO or the escape character @R. To type a character in es-
cape mode, first type the at sign (@) and then enter the desired upper-
case character. No delimiting blanks are necessary, and you can mix
the two input modes freely.

APL output can also be displayed in either keyword or escape modes,
but you must select one or the other; they cannot be mixed. The )MODE
command allows you to select the output mode. This is where the TTY
/terminal is relevant. See Section 5.5.3.

1.3 THE APL CHARACTER SET

Table 1-2 lists all APL characters available on TOPS-10 and TOPS-20.
The first column lists the APL character set. The second column, TTY
set, lists the keyword mnemonic equivalents. The third column supplies
names commonly associated with APL characters, and the fourth column
lists the escape characters. The uppercase letters indicate the ori-
gin of the mnemonic representation.

The second section of the table lists APL overstruck characters. These
are characters constructed by typing one character, one backspace, then
a second character on top of the first. For example, to construct the
logarithm symbol (®), type the circle symbol (o), then backspace, then
type the exponentiation symbol (*). You can also type the exponenti-
ation symbol (%) before the circle symbol (0); the order is not signi-
ficant. On non-APL keyboard terminals, overstruck characters are re-
presented by single-strike characters or by keyword mnemonics. Notice
that dollar appears as both a single-strike and an overstruck charac-
ter. On some terminals you can enter dollar as a single-strike char-
acter ($), and on other terminals you must enter dollar as an over-
struck character (5]).
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Table 1-2
APL Character Set

Single-Strike Characters

APL Set TTY Set Name Escape Mode

A-Z A-7Z alphabet

0-9 0-9 numbers
+ + add
A & and

< assignment

- (back-arrow or underline)

s ’ concatenate
: : colon
* % divide

$ S dollar format
= = equal to
\ \ expand (scan)
* * exponentiate @p
> > greater than
[ C left bracket
( ( left parenthesis
< < less than
X # multiply
' ! quote string @K
? ? question (roll and deal) @QQ
/ / reduce
] ] right bracket
) ) right parenthesis
5 H semicolon
- - subtract
4 ” take Qy
| .AB residue (ABsolute value) @M
o AL ALpha @A
W .BX quad (BoX) QL
[ .CE CEiling (maximum) @s
v .DA drop (Down Arrow) QU
N .DD Dieresis
L .DE DEcode @B
v .DL DeL cle]
o .DM DiaMond
n .DU Down Under @c
T .EN ENcode @N
€ .EP EPsilon @E
L .FL FLoor @D
> .GE Greater than or Equal to

> .GO GO to (branch)
1 . IO IOta (Cha
{ .LB Left curly Brace
A .LD delta (Lower Del) Q@H
< .LE Less than or Equal to
= . LK Left tackK
o .LO circle (Large O) Qo
> .LU Left Union @x
z .NE Not Equal to
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Table 1-2 (Cont.)
APL Character Set

Single-Strike Characters

APL Set TTY Set Name Escape Mode
- .NG NeGation
~ +NT Not QT
w .OM OMega aw
\ .OR OR
} .RB Right curly Brace
o} . RO RhO @R
- .RK Right tacK
c .RU Right Union QZ
0 .SO jot (Small O) @J
_ .Us UnderScore @arF
u .UU Up Union CAY

Ooverstruck Characters
(None in Escape Mode)

to
er TTY Set

Name

Characters
APL Set Strike Owv
$ S |
! ! .
¥ v |
A A |
I L T
® o *
~ A ~
L4 \" ~
X \ -
o o -
# / -
@ ] +
13| O «
B g >
/] o U T
L4 v ~
| 0 v
M O !
o o |
X ] \
¢ L o
7 T o
a n o
4-Z A-Z  _
A A

$

!

.GD
.GU
.IB
.LG
. NN
.NR
.CB
.CR
.CS
.DQ
.IQ
.00
.0OU
.PD
.QD
.00
.RV
. TR
. XQ
.FM

«ZA- .77

.z@

dollar (format)
factorial (shriek)
Grade Down

Grade Up

I-Beam (histogram)
LoGarithm

NaNd

NoR

back expansion
(Circle) Rotate
back scan

Divide Quad

Input Quad

Output Quad

out

Protected Del
Quad Del

Quote Quad
ReVersal
TRanspose

eXecute

ForMat

Comment (lamp)
underscored alphabetics
underscored lower del
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1.4 INTERACTING WITH APL

APL provides easy-to-use commands to allow you to interact with the
operating system. Sections 1.4.1 through 1.4.4 describe some of the
commands available. Chapter 5 discusses APL system commands.

1.4.1 Entering APL Command Level (Starting the Session)

To access APL, first log in to either TOPS-20 or TOPS-10. After a
successful log in, type the following on TOPS-20:

@AFLSF
On TOPS-10, type:
+ROAPLSE

In both cases, APLSF begins the session by asking for your terminal
designator:

terminal..
If you are unsure of what to respond, type H (for Help). For example:
terminal. oh

give bhe arerorriaste resronse for wour terminsl
resronse wour terminal

2741 it 2741 or similar with arl ball
bit seeii arxl RRE:

ke P oawl

1a36é ] i " Ler set ortion
4013 teltyromix 4013

4015 telktronix 4015

tlw ary terminal mnolt heving ael Fondt

TERMINAL . .

After receiving a valid terminal designator, APL responds with a
greeting and identification message. It then supplies a clear work-
space for use during the current APL session, or automatically loads
the special (CONTINUE workspace saved from the last APL session, if
such a workspace exists in your disk area. (See Section 5.6.2 for a
description of the CONTINUE workspace.) If a clear workspace is sup-
plied, APL displays the message:

CLEOR WS

If the CONTINUE workspace is loaded, APL outputs a standard load
workspace message. For example:

Barlef

terminal..la

OFL-20 DECSTSTEM-20 AFLSF 2(407)

TTY20) 15322857 TUESHAT D& JUHe79 MASGEL LA
SAVED 1522139 26-IUN-T7Q HF

!The 2741 is supported only on TOPS-10.
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APL indents six spaces to signify that it is ready to accept input.
APL outputs at the left margin but automatically indents six spaces
before echoing your input. The first character you type will print in
the seventh column from the left margin. APL thus clearly differen-
tiates between what it prints out and what you type in.

1.4.2 Ending the Session

To log off the system while in APL mode, use one of the following
commands :

Y OFF ends the session and logs you off the system.

Y COMT L HUE ends the session, logs you off the system, and
stores the active workspace under the name
DSK:CONTIN.APL. This workspace, instead of a
clear workspace, will be loaded the next time
you run APL.

Note that APL commands begin with a right parenthesis. These com-
mands, )OFF and )CONTINUE, are described in Sections 5.6.4 and 5.6.2,
along with a description of options available for automatically re-
turning to system command level after ending a session rather than
logging off.

CAUTION
Do not end a work session by disconnecting

the terminal's telephone connection or
the current workspace will be lost.

1.4.3 Returning to System Command Level

To return to system command level during an APL session, type the )MON
command. APL indicates that control has been returned to the oper-
ating system by printing:

MOMITOR
When you receive the system prompt, you can then perform a variety of
system operations, including sending and receiving messages to or from
other users and the operator, assigning devices to your job, inquiring
about CPU usage, and performing other standard functions.

CAUTION

If you run any other program, the
workspace in memory will be destroyed.

To return to APL with the workspace intact, type CONTINUE. APL re-
sponds with APLSF: to indicate that it has again received control.
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1.4.4 1Interrupting Execution

To interrupt APL during an operation, use the attention signal, CTRL/C.
Two CTRL/Cs interrupt function or program execution and return you to
APL mode. The response may be delayed for a few seconds because of
system buffering.

Typing five CTRL/Cs will return you to system command level. To return
to APL mode and resume APIL operations, type one of the following oper-
ating system commands:

RREIENTER

or

ECONTINUE

1.5 KEYBOARD EDITING

The following sections describe the procedures for entering and cor-
recting APL text on a terminal with an APL keyboard.

1.5.1 Correcting a Line Before Entering

You can type characters in an APL input line in any order. Regardless
of how you enter the line, APL evaluates it exactly as it appears on
the terminal; the order in which you type characters is not significant.
By using the appropriate space and backspace characters, you can even
type the line backwards. APL interprets the line only when you press
the RETURN key. (This "random order" feature is not available on TTY
terminals.)

An APL line can contain up to 390 characters. This total includes
spaces and backspaces. If you type more characters than the limit and
press RETURN, APL ignores the line and sends the error message:

48 IMHFUT LIME TOO LOMG

For a complete list of APL messages, refer to Appendix A.

NOTE

Backspacing is a method for positioning
the carriage, it does not cause char-
acters to be erased or ignored by APL.

Oon an APL-keyboard terminal, if you discover an error in a line before
you press the RETURN key, you can backspace to the error and press the
LINEFEED key. Everything from the LINEFEED to the right is ignored by
APL. You can then complete the line directly below the part in error
by retyping it. For example:

G REEIVE backspace 4 then line feed
CELIVE?
o«
FEQELVE



THE APL OPERATING ENVIRONMENT

There are several special characters available with which to make cor-
rections. Table 1-3 lists these characters and their meaning.

Table 1-3
Editing Characters

Character Meaning

CTRL/C Two CTRL/Cs interrupt APL function execution
and expression evaluation. Five CTRL/Cs re-
turn you to system command level.

CTRL/U Deletes the current input line and positions
you in column one of the next line. It does
not delete past the first LINEFEED it en-
counters. Echoes as XXX on TTYs and as >>>

on LAs.

CTRL/O Suppresses output to the terminal.

CTRL/R Performs a LINEFEED and displays the cor-
rected line starting at column one.

LINEFEED In conjunction with backspace, it deletes
input.

DELETE (RUBOUT) Deletes one character at a time. On an LA,

echoes one +~ character on TOPS-10 for entire
operation. Echoes one + character for every
character deleted. The + prints as a \ on
a TTY.

1.5.2 Correcting a Line After Entering

An APIL statement entered and processed in immediate mode can be edited
according to the same line-editing rules established for user-defined
functions. These rules are described in Sections 6.3.7 and 6.3.8.






CHAPTER 2

LANGUAGE SYNTAX

2.1 INTRODUCTION

This chapter describes the syntax that governs the construction of APL
statements and expressions, including statement components, data types,
and expression evaluation.

2.1.1 Statement Execution Modes

Two execution modes are available in APL:

1. Immediate mode, in which APL executes statements and express-
ions as soon as you enter them and press the RETURN key.

2. Function-execution mode, in which APIL executes the statements
contained in a user-defined function (Chapter 6). APL enters
function-execution mode whenever it discovers a user-defined
function in the statement it is currently executing, and
exits from function-execution mode when the last statement in
the function is executed, you suspend the function, or an
error occurs.

The statement syntax is identical in both modes; however, there are a
few special characters that are not generally relevant in immediate
mode, but useful in function-definition mode. These characters are
described in Chapter 6. Most of the examples in this chapter illus-
trate immediate-mode execution. Chapter 6 describes function-
definition mode, in which you prepare and edit functions, and function-
execution mode, in which you actually execute the function.

In immediate mode, APL clearly differentiates between what you type
and what it prints. APL always indents six spaces before accepting
input. After you enter text, press the RETURN key to indicate that
entry is complete. APL processes your input and, if necessary, prints
results beginning at the left margin. After printing output, APL then
performs a carriage return/line feed and indents six spaces. For
example:

Beb
2]

&
Et g (}\
X

[ATS ]
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You can have up to 390 characters in a single line. This count
includes spaces and backspaces.

2.1.2 Expression Components

An APL expression can consist of the following components:

1. TIdentifiers
Variables, Section 2.1.2.1
Labels, Section 6.4.2
User-defined Functions, Chapter 6
Groups, Section 5.1.3.4

2. Constants
Numeric, Section 2.1.2.2
Character, Section 2.1.2.2
3. Characters
I/0 Functions, Section 2.5
Primitive Scalar Functions, Section 3.2
Primitive Mixed Functions, Section 3.3
Extended Functions, Section 3.4
File Functions, Chapter 7
Operators, Section 3.5

4. System Variables, Section 4.2
System Functions, Section 4.3

2.1.2.1 TIdentifiers - An identifier can be a variable name, a label
name, or a user-defined function name. It can consist of any number
of letters and digits; however, the first character must be a letter.
APL defines a letter, in this case, as any character 4 through Z, 4
through Z, A and A. Only the first 31 characters of the identifier
are significant, and embedded spaces are not allowed. APL truncates
all identifiers to 31 characters; therefore, you cannot create an
identifier longer than 31 characters. For example:

Legal Identifiers Illegal Identifiers
ARCLIEG 1AC7% (does not begin with a letter)
a74 204 X4 (contains an embedded space)
AGDH4HA FO740E (contains invalid character V)

Note that you cannot start an identifier with the characters SA or TA
because of a conflict with the trace and stop vectors. Refer to
Sections 6.4.5 and 6.4.6.

A variable must contain a value before you can reference it. Other-
wise, you will receive the message 11 VALUE ERROR from APL. Section
2.1.5 describes how to assign values to variables.

Variable names and their positions have special meaning in function-
definition mode. Refer to Chapter 6 for this information.



LANGUAGE SYNTAX

2.1.2.2 Constants - Constants can be either numeric or character data.
A numeric constant is one or more decimal digits with an optional
decimal point. A numeric constant can also be in exponential format;

an integer or decimal quantity followed by E and the power of ten by
which the quantity is to be multiplied. All of the following constants,
for example, are valid representations of the same value.

712 712.0 7120ETL 7,12E2

Wherever possible, APL prints numbers without decimal points and
exponents.,

ALROVARL0 TL20ETL P, L2ED

P DI O IS R )

In APL, you represent a negative number by a numeric constant preceded
by a negative sign (7). This sign is a distinctive symbol (uppercase
2). It is not the same character as the minus sign (-) which is used
to indicate subtraction. On non-APL terminals, the negative sign is
.NG.

A character constant is one or more alphanumeric and/or special char-
acters (including carriage returns and line feeds) enclosed in single
quotation marks. For example:

VARCKEF G
QOFRGE
PTHES L A QOMSTAMT!

When APL prints a character constant, it omits the enclosing quotation
marks. If you want APL to output quotation marks, type one extra
single quotation mark next to the one you want to print. For example:

B4 0TOMY 0 8 TEMMIYS BEACQRUET!
¥
TOMHY VS TEMMES FRACRUET

Numeric and character data can be structured in a variety of ways.
APL supports the following types of data:

1. scalars

2. vectors

3. matrices

4. arrays of three or more dimensions
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A scalar is a single numeric or character value with no dimensions.
For example:

32
32

(AN}

A vector is a l-dimensional array or character string consisting of
any number of values. Enter a numeric vector as a list of wvalues
separated by at least one space. For example:

Hel 203 45
2}

In this example, H is defined as a vector whose elements are 1, 2, 3,
4, and 5. APL stores the values in the order in which you enter them.

A character vector or literal vector is entered as a string of char-
acter constants enclosed in single quotation marks. Unless you want
the space character as part of the character vector, do not insert

spaces between characters in the vector. Note the following example:

A ABCDEFG HIJKLMMHOF !

A
ABCDEFG HIJKLMHOF

Because any characters, including carriage returns and line feeds, can
be elements of a character constant, you can also enter several lines
of character data as a l-character vector. For example:

AP THIS IS A
MUL TIFLE L INE
L EYERML '
n
THIS L% &
MUL. Y ITFLE L EME
LI TEFRAL

Although there are several lines of text, 4 is still a vector.

Note that a common error occurs when you type a character constant
with an unbalanced number of quotation marks. APL thinks that you are
still defining the constant when you press RETURN to enter the line.
Consequently, APL includes the carriage return/line feed as part of

the constant. You can spot this error by noticing that APL does not
indent six spaces when you press the RETURN. Typing a single quotation
mark will usually get you out of this situation.
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A matrix is a 2-dimensional array consisting of rows and columns. APL
supports the use of matrices as well as arrays of higher dimensions.

The rho character is used to create and reshape arrays (Sections 3.3.18
and 3.3.15). You enter values corresponding to each element of an
array and also the shape or size of the array. The following examples
show array output. (To input arrays, refer to Section 3.3.15.)

The following is a numeric matrix with 2 rows and 3 columns.

b T
2.0 N ]
o

APL also supports arrays of three dimensions or more. For all practi-
cal purposes, there is no intrinsic limit on the number of dimensions
in an APL array. The only restriction is that the size of the array
cannot exceed your workspace size. If you have unlimited memory avail-
able, the maximum number of dimensions allowed is 2%18.

The following is an example of a 3-dimensional character array. Note
that APL inserts a blank line between each plane greater than two.

A ABRCOEFGHLJKLMHOPQFSTUVWIT
23 4pA

ARC

EFGH

JORW] ¢ ™

MO

QREST

UV

2.1.3 Spaces and Comments

Spaces are usually not significant in APL. Therefore, you need not
separate functions from constants or variables. This is also true on
non-APL-keyboard terminals. The mnemonics for operators need not be
preceded or followed by a space. The following expressions are equi-
valent:

2] & K$w}
Celd
e ¥ 1 e
6 & E S
JTROR
35
e TRE
36
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Spaces are also not required between a succession of functions or oper-
ators. For example:

AEL AR 4 AR

However, spaces must be included to separate names of adjacent user-
defined functions, constants, and variables. For example, they are
required when you are entering a series of numeric constants as a

vector. The spaces included in the following example are necessary:

2 TRIG 3 (user-defined function)
Bed 4 05 (numeric vector)

You can also use comments in APL. Their use is particularly relevant
in function-definition mode. Comments must appear on separate lines;
they may not be included on lines containing APL statements. The first
character in a comment line is the lamp character (a), formed by over-
striking the down union character (n) with the jot character (o).
Section 6.2.4 describes comment lines in greater detail and illustrates
their use in a variety of user-defined functions. On non-APL-keyboard
terminals, use a double quotation mark for the comment character.

2.1.4 File Specifications

File specifications indicate to the operating system when to locate
and identify a file. Certain operations in APL i t ply

The complete form of a file specification is:

dev:filename.extl[directoryl<prot>

where

dev: is a device name, or a logical name you have
defined. See Appendix D for defining logical
names.

filename is one to six alphanumeric characters specifying
a particular file in the directory.

.ext or .typ is one to three alphanumeric characters identify-
ing the contents of the file.

[directory] is the project-programmer number of the owner of
the directory. You can translate a directory
name on TOPS-20 to its corresponding project-
programmer number by using the TRANSLATE command.
See Appendix D for this information.

<prot> is a 3-digit octal protection code specifying
who can read and write the file.
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You need not give the entire file specification in every case. The
defaults are:

Argument Default

dev: DSK:

filename No default; it must be specified
.ext or .typ Depends on the type of file
[directory] Your currently connected directory
<prot> Installation-dependent

2.1.5 Statement Types

There are two general types of APL statements:
1. Branches constructed with -
2. Assignments constructed with <«

Branch statements restart a function and transfer control from one part
of a function to another. These statements are most relevant in the
context of user-defined functions and are described in Section 6.4.1.

Assignment statements store one or more values into an identifier. The
general form of an assignment statement is illustrated by the following:

Q(..Q.'.E(

where 2+B is an APL expression
< is the assignment function
4 is a variable name

You can have more than one statement on a line by separating each with
a semicolon. Each statement separated must contain a value. For
example:

CeALEFACHAFEEPD
«©
156

Assignment statements are, themselves, expressions and can be used in
the construction of other statements. The following example illustrates
a method of assigning values to more thah one variable with a single
statement:

NeZrEeA+Ce7
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Here the value 7 is assigned to ¢, 11 to B, and 14 to 4. The express-—
ion is evaluated from right to left according to the rule described in
Section 2.1.5.

In any mode, if you do not include an assignment or branch function in
an expression, APL prints the results on the terminal when the express-
ion is executed. For example:

243

This type of expression has the effect of an implied print statement
in APL.

2.1.6 Evaluation of APL Statements and Expressions

APIL evaluates unparenthesized statements and expressions in strict
right-to-left order, regardless of the particular functions in the
statement. Unlike some languages, which perform multiplication and
division before addition and subtraction, APL has no explicit function
precedence. For example, APL evaluates the expression

3x4+5

as 27, using right-to-left evaluation, rather than 17. Thus, the
expression is interpreted as

3x(4+5)
27

You can control the order in which individual functions are evaluated
by enclosing part of the expression within parentheses. To cause the
expression above to evaluate to 17, enter the following:

(ZIx4)+5
17

APL evaluates this expression as 17 because 5 is added to the quantity
3x4, not simply to 4.
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2.2 Number Precision

APL is a double-precision system with internal precision of about 18
decimal digits. Numbers are represented internally in two ways.

1. Integers less than 2 to the 35th power (2*35) are stored with
full precision.

2. Non-integers and integers larger than 2 to the 35th power are
carried out in floating-point format.

APL handles conversion between the two formats automatically.

Although you cannot control the internal precision of numeric repre-
sentation, you do have some control over the output representation.

The [OPP variable, Section 4.2.15, ify th tput
precision of non-integers. AIS6

Notice how APL outputs the numbers in these arrays:

2 AFL/O
1+701411835E38
1.701411835838

AL2520€L /00

o
1+000000000EQ 1. 000000000E(Q
1+ 00000000080 1.701411835E38

neR 201
AL1511610%6
A
1000000 1
1 1

AeR 2P
ALRR1L0XTE
[}
1 1
1 0.000001

AL1311¢10x%x6

A
1.0000000008E4 1.000000000%0
1. 000000000E0 1.,000000000E™4
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The range of numbers you can input without receiving an error (15
DOMAIN ERROR) are:

For integers “2%35 to (2%35)-1
For non-integers .14693679E-38 to 1.7014118E38
Note that Boolean is represented as 36 bits per word: (136)=136 is

equal to 36pl.

2.3 ERROR HANDLING

When APL encounters an error, it prints three things:
1. an error message
2. the line in which the error occurred

3. a caret (") approximately underneath the particular point at
which the error was discovered

The following are examples of common error conditions:

Ee3
0 X E
11 VALUE ERFROFR
Y ¥
A
1+1E4243
7 OSTHTAX ERROQFR

141 EB+R+3
A

1 2+1 2 3 4
10 LEHGTH EREOR
L2+ 1234

A

In the first example, APL printed a value error because the variable
named A4 had not been assigned a value. The syntax error occurred
because an identifier cannot begin with a number (1B). The length
error was a result of an unequal number of constants on either side of
the plus sign.

Because APL is a highly interactive system, you can almost always
respond to an error condition simply by correcting the statement in
which the error occurred. This characteristic of the language also
aids the trial-and-error approach to program development. In function-
execution mode, APL prints an error message, the function name, and

the line number of the statement at which it occurred. APL also sus-
pends execution of the function. You then have the options of termin-
ating the suspended function, restarting it possibly at another state-
ment, or debugging it before resuming execution. Chapter 6 describes
techniques for developing and executing functions.
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2.4 ARRAY INDEXING AND COMPARISONS .

This section introduces the use of array indexing in APL and also the
use of "fuzz" in performing comparisons. Both of these concepts are
helpful in understanding the examples included in subsequent sections
of this chapter.

2.4.1 Indexing Arrays

The concept of using and entering values for arrays has already been
introduced in Section 2.1.2.2, To be able to access, individually,
the values of the elements stored in an array, you must know the posi-
tions of the elements within the array. These positions are known as
the indices. The procedure for accessing elements is called indexing.
The first position in an array (index origin) can be either 0 or 1.
You can set the index origin with system variable [0I0, Section 4.2.11.

To index an array, specify the array followed by the indices enclosed
in square brackets, and separated with a semicolon. Each index must

be an integer scalar, or an expression that evaluates to an integer.
The number of indices needed to pinpoint an element depends on the
array type. In general, you must specify as many indices as the number
of dimensions of the array. For a vector, a single index is sufficient
to identify the position of the desired element. A matrix, a 2-
dimensional array, requires two indices separated by semicolons; a
3-dimensional array requires three indices separated by semicolons;

and so forth.

For example, specifying:

ACL]

accesses the first element stored in vector A. If 4 consists of the
vector shown below, then A[3] is 25.

fne72 91 25 46 87
AL3D
25
If the array is a matrix, specify two indices: the first one for the
row and the second one for the column:

Kol 4P8
¥

1 2 3 4

5 & 7 8
EL2330
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Specifying the indices in the form of an array enables you to access
more than one element at a time. For example:

A2 44,6 71 .BO 65 97.2

A
32 44.6 71 0.8 65 97.2

ALY & &1
71 65 97.2
Me2 4P 8
M
1 2 3 4
5 6 7 8
ME231]
5
M1 252 31
2 3
6 7

The index can also be an expression which is evaluated to generate the
element positions.
162 4 5
Vel10 22 31 49 56 68 72
VIEI+11
31 G668

Here V and I are both vectors. The expression V[I] accesses the ele-
ments of V referenced by I: that is, the third, fifth, and sixth
members of vector V.

Character arrays can also be indexed. For example:

A¢ ! ARCDEFGHIJKLMHOFQRSTUVWITE ¢
EAETEALLI0 O 14 14 9 6 5 18 27 12 25 14 27 13 281
EAEY

JEMMIFER LTYM M,

Note that an element can be duplicated by specifying its position more
than once. The array being indexed need not be a variable. It can be
a constant set of values or an expression enclosed in parentheses.

For example:

6 S o4 3 2 102 4l

(2 4 8 16x2301 21
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You can omit a subscript from an index specification, but the semi-
colon must be included if only one array dimension is specified. If
you omit the right subscript, all columns are selected from the matrix;
if you omit the left subscript, all rows are selected. For example:

A
1 2 3
4 b &b
7 8 @
10 11 12
AlL1s1
123
AL2 3]
2 3
] 6
8 9
1112

Note that a semicolon is required to indicate which subscript has been
omitted. In general, the size of the result when a variable is indexed
is equal to the catenation of the sizes of all the indices. For ex-
ample, if 2Z<X[I1;I2;I3;...IN] then (pZ)=(pI1),(pI2),(pI3),...(pIN).

Ve ' ARCDEF !
YEE S

AVECTOR IMDEMED WETH & VECTOR
ARESULTS IM A VECTOR
V6 % 4 3 2 11
FEDCEA
AVECTOR IMDEXED WITH A MATRIX
ARESULTS TH A MATRIX
MeD2 32 5 4 6 0 4

viM]
EEX
FED
AMATEIN THDEXED WITH TWO 2-XIMENSIOHAL
RIMDICES RESULTS IM A 4-DIMEMSTOMAL ARREAT
MeD 2701 2 21
ALMEM M
[
12
2 1
2 1
12
2 1
1 2
“;)‘
2 1
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FA
2222
Med 4Aré
M
1 2 3 4
5 &6 1 2
ASCALAR RESULT
AeMI151]
o
1
aMULL AFRRAT
pn .
(APL outputs a blank line)
Al -ELEMENT VECTORS
EeyMI1311
BReMOy1511]
E
1
B2
1
FE
1
FE2
1
AR-ELEMENT VECTOR
CeMI¥2]
o
26
po
2
AN P-ET.1 MATRIX
LeME§ 27
1
2
&
FL
21

You can also use indexing to change values of elements already stored
in an array. For example:

e APy

I

T 2 3

4 G b
A132 3167 8
ArZ2il 219

2]
178
? 9 6
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AL 10612
£

12 7 8

£4 K4 &

AL1F1 17e2 3

2.4.2 The Index Origin

In APL, the first position of a value stored in an array is called the
index origin. You have the option of beginning the indices of an array
at either 1 or 0. For example, if the index origin is 1, then members
of a vector named 4 would be numbered A[1], Af2], A[3], and so forth.
If the index origin is 0, elements begin at 4[0], A[11, A[2]1, and so
forth.

The default index origin in a clear workspace is 1, but you can change
this setting to 0 or reset it to 1 with the [0I0 variable (Section
4.2.11). The index origin setting is saved when you save your work-
space. Refer to the )SAVE command, Section 5.2.4.

The value of the index origin is often used in conjunction with several

monadic and dyadic functions. Chapter 3 discusses the index origin in
that context.

2.4.3 Comparison Tolerance or Fuzz

APL handles the problem of performing decimal arithmetic on a binary
machine with a concept known as fuzz. When two non-integer numbers
are compared, for example, 7.913 and 8.019, they are considered equal
if the difference between them is within a certain range. This range
is referred to as the comparison tolerance or the fuzz quantity.

There are two types of fuzz:

1. Absolute fuzz - which is the tolerance used to determine
whether or not a decimal number is close enough to an integer
in value to be considered an integer.

2. Relative fuzz - which is the tolerance used when comparing
two numbers to determine whether or not they are close enough
to be considered equal.

The absolute fuzz in this version of APL is approximately 1E 7. This
setting cannot be changed. The default relative fuzz is 1E 13 in a
clear workspace. You can change the relative fuzz in your active work-
space by assigning a new value to the [CT variable, Section 4.2.7.

The relative fuzz setting is saved when you save your active workspace.

The following functions use [CT when making comparisons: <, <, =, >,

>, #, A1B, AeB, LA, AlLB, A, AlB.
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2.5 TERMINAL I/O OPERATIONS

APL provides you with utilities to ease input and output operations on
a variety of i Thi ti d ib terminal input

and output. ]

There are several methods of input and output as illustrated by Table
2-1.

Table 2-1
Input/Output Functions

Expression Meaning Section
A<l Quad (evaluated) input 2.5.1
A< Quote-Quad (character) input 2.5.2

A<« Quad-Del (unedited) input 2.5.3

A Normal output 2.5.5
A3B;C Mixed output 2.5.6
0«4 Quad output 2.5.5
M<A Bare output (Quote-Quad) 2.5.7
M<4 Bare output (Quad-Del) 2.5.7

All terminal I/O, except normal and mixed output, use the [0 symbol.
All forms of I/O can be used in either immediate mode or function-
i d

Sajel i Ons Lol are
The following sections describe the basic
forms of the quad function.
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2.5.1 Evaluated Input Mode-Quad Input ([ or .BX)

The most basic form of quad input is called evaluated input. 1In this
mode, the statement you enter at the terminal, in response to the [
input request, is evaluated and its value is returned as the result of
the 00 input function. By placing a [0 to the right of a back arrow in
an expression, you signal APL to expect data input from the terminal.
Normally, APL prompts you by printing [O: in the left margin. You can
change the prompt with the [SF system variable (Section 4.2.18). Any
character data input must be enclosed in single quotation marks. Other-
wise, it will be considered an APL expression. For example:

K[}

o]

Ae2x]

]
I
10

MGG 4-[)

VHO OFERATOR?
MECG
MO OFEROTOFR

While the system is awaiting your input, you can enter and execute a
system command, evaluate an expression, or define a function. The
input request remains pending. If an error is encountered in the
input, APL prints the appropriate message and allows you to reenter
the input. If you enter a carriage return or spaces and a carriage
return, APL again prints the [0: prompt and waits for input.

The prompt signal ([O:) is the default. You can change it with the [OSF
variable, Section 4.2.18.

2.5.2 Character Input Mode-Quote-Quad ([0 or .QQ)

API has another version of the quad function especially for input of
character data, the quote-quad function ([1). An example of quote-
quad mode is shown below:

el
TRAT L E AMAZTNG

THAT VS AMAZL MG
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Unlike evaluated input, quote-quad input allows you to enter character
strings without enclosing them in single quotation marks. Note that
APIL, does not print the [: prompt in quote-quad mode.

When APL encounters a [M symbol, it positions the carriage at the left
margin and accepts the data up to the next carriage return as a char-
acter variable. If you enter a single character, APL treats it as a
character scalar; it stores a string of characters as a character vec-
tor. If you enter only a carriage return, APL treats this input as a
vector of length zero; this treatment is significantly different from
the handling of empty input in quad-input mode, in which APL rejects
the input and waits for you to reenter it correctly. If you enter a
tab, APL converts it into the equivalent number of spaces accomplished
by the tab.

Note that you cannot enter and execute system commands or define func-
tion during [ input.

2.5.3 Unedited Input Mode-Quad-Del (@ or .QD)

APL has a third version of the quad function, the quad-del function
(). The quad-del function allows you to enter special characters,
including backspace, without having APL evaluate them. The backspace
is treated as a separate character, and an overstrike symbol is not
created.

APL counts each character you input in quad-del mode. The length of
the expression includes any spaces and backspaces. (A tab is treated
as one character.) The following example illustrates the difference
between quad-del and quote-quad modes in entering overstruck APL char-
acters. The example uses the transpose function (&) which takes an
array and transposes its values (Section 3.3.20). To input this func-
tion, type ©, press BACKSPACE, and type \. The result of the shape
function (p), (Section 3.3.18), prints the number of characters in the
array.

b24 5&
T2
ATHE BRACKSFACE 19 COUMNTED a% N CHARMOTER,
£
4
e
neH
Al ROUTE.QUAD, THE KACKSEFACE T4 HOT COUNTED,
£
2
gl SEMGLE QUOTES, TT ES MHOT COUMTED ELTHEFR,
Fraa
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The following example shows the particular use of quad-del mode in
accepting input from non-APL~keyboard terminals. The mnemonics are
not decoded.

AL QD
ROR

ROA
4

AL QR
FOR

s ROA
2

JROLRORY

o

.

As in guote-quad input mode, if you enter only a carriage return or
spaces followed by a carriage return, APL treats this input as a null
vector of length zero.

2.5.4 Escaping From Input Mode

To escape from an input request, you have certain escape options de-
pending on the input mode:

In quad-input mode, type a right arrow (-)

In quote-quad ([) or quad-del (M) input mode, type 0OUT as
follows:

0 backspace U backspace T
or
On non-APL-keyboard terminals, type .OU
Each of these methods causes function execution to be interrupted but

does not cause an exit from the function. Refer to Chapter 6 for
information on function-execution mode.

2.5.5 Normal and Quad Output Modes

In normal output mode, to display output on the terminal, type an
expression or an identifier without an assignment function (<) or
branch function (») as the leftmost character. The result of the
expression prints on the terminal. For example:

2]
25

643
262144

17+A
42
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If the quad symbol appears immediately to the left of an assignment
function (<), the result of the expression to the right of the <«
prints on the terminal. This is called quad output. For example:

D

Note that using quad output has the same effect as in the previous
example of merely typing the variable name 4. Quad output is espe-
cially helpful when an APL statement contains multiple assignments.
For example:

Ee3+[1e5X4

This statement performs the computation and displays the desired out-
put - the result of the computation 5x4. This method is more efficient
than the following:

Be5x4
&

Ee XA

If the last operation (the leftmost expression) in an expression is an
assignment or branch, then no final output is produced. The following
will not cause output to be printed:

ARy

The following will:

4rDe

When APL outputs an array, and a row cannot fit on a single line, the
remainder of the line prints on the following line, indented six
spaces. For example:

VSO
123 4848
20 21
34 3
48 49 GO

289 10 11 12 13 14 1% 16 17 18 19
22023 24 25 26 27 28 29 X0 31 32 33
37 38 39 40 41 42 43 44 45 46 47

To provide more room on a line you can alter the page width with the
0pPw system variable. Refer to Section 4.2.16 for this information.
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2.5.6 Mixed Output Mode

Mixed output mode allows you to print character data and numeric data
on the same line. You request mixed output by entering a series of
values or expressions, separated by semicolons, in the order in which
they are to appear. The output displayed contains no carriage returns
or spaces, except where required by the data.

Although APL evaluates from right to left, it prints items from left
to right. If you display two expressions separated by a semicolon,

APL will not put a space between them. You must specify a space if

you want one. For example:

14+132+32

1415t 1iR2eR

In the first part of the next example, APL reports a value error
because no value is assigned to B. In the second part, B is assigned
the value first.

IR TS 2

11 VELLE ERROFR
LHEG g
A

14EG T jEe]

APL will not print a value if the leftmost expression on a line is an
assignment or branch operation. You can get around this by enclosing
the assignment within parentheses. Note the following examples:

OF A e D

PR

L s VAL LV
THE VALUE OQF A

et s VHOTHIMG WL FERINNT BRECAOUSE OF YTHE AR O WY

PR LT THE FORERTHEGES

OF T HE

(Ae " THIS )5 'WILL
THIS WELkl, FRERT EECALISE

Another way of printing the leftmost expression containing an assign-
ment or branch, is to precede the statement with a semicolon:

Bty
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Although the semicolon is considered a statement separator, each ex-
pression in the list must return a value. For example, if F is a user-
defined function that does not return an explicit result (regardless

of the number of arguments F requires), the construct ';F;' returns

an 11 VALUE ERROR.

wE
Lo CEE TR
I3

ML CTHE
HI TH
11 VOLUE

2.5.7 Bare Output Mode (Quote-Quad [1 or Quad-Del &)

Bare output is a special mode that allows you to request input on the
same line as an output string.

Like quad output mode, if you place a quote-quad or a quad-del to the
left of an assignment function, the expression to the right of the
function prints on the terminal. However, unlike quad output, APL
does not perform a carriage return/line feed at the end of the output.
Note the difference in the following example:

A [e CEMTER TOUE MHAME !
FOTOUR HAME

KRB

Notice that the value input is preceded by a number of spaces equal to
the length of the B output.

If the last character of a character constant to be output is a
comment (lamp) character a, APL suppresses the printing of the a as
well as the usual delimiting carriage return/line feed, thus, leaving
the carriage in mid-line. This feature is useful for entering input
on the same line as the previous output. For example:

B S Ie VEMTER TOURE MOME a0t
ERTER TOUR MOME ROSE
“

B 5k

In immediate mode, bare output is the same as normal output. A bare
output statement such as [«4 must be followed by an input entry at

the terminal. Thus, in this instance, output is concluded by the
conventional carriage return/line feed. Bare output is more appro-
priate in function-execution mode. Refer to Chapter 6 for more infor-
mation on functions.



CHAPTER 3

APL FUNCTIONS AND OPERATORS

3.1 INTRODUCTION

APL provides several characters, known as functions and operators,
that allow you to perform various operations with numeric data and
character data. These functions and operators are grouped as follows
within this chapter:

1. Primitive Scalar functions - arithmetic, relational, and
logical, Section 3.2

2. Primitive Mixed functions - for extensive array manipulation,
Section 3.3

4, Operators - more than one function in the syntax, Section 3.5

Functions are either monadic or dyadic. A monadic function requires
only one argument placed immediately to the right of it. A dyadic
operator requires two arguments, with the function placed between
them. Depending on the function, arguments can be variables, numbers,
character strings, or expressions.

Functions are also classified as either scalar or mixed. A scalar
function generally takes a single-value argument and returns a single-
value result. However, scalar functions can also be used with vectors
and arrays where they operate on an element-by-element basis. A mixed
function can take a scalar argument and return a result in the form of
a vector or an array, or take a vector or array argument and return a
scalar result. Therefore, the result of a mixed function is not as
apparent as a scalar function.

Both scalar and mixed functions can be either monadic or dyadic. With
a scalar monadic function, the shape of the argument determines the
shape of the result. For example, a scalar argument returns a scalar
result; a vector argument returns a vector result, and so forth. When
using scalar dyadic functions, you must specify arguments that have
the same number of elements and, if arrays, the same dimensions.

Table 3-1 shows the results achieved by specifying certain arguments
to scalar dyadic functions.

An operator is a function that takes another function as its argument.
APL operators are described in Section 3.5.
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Table 3-1
Results of Scalar Dyadic Functions
Argument Function Argument Result
scalar £ scalar scalar
scalar £ vector vector
vector £ scalar vector
vector £ vector vector
scalar £ matrix matrix
matrix f scalar matrix
matrix £ matrix matrix

3.2 PRIMITIVE SCALAR FUNCTIONS

The primitive scalar functions are the arithmetic, relational, and
logical functions. They are used primarily for basic arithmetic and
logical operations, such as addition, exponentiation, maximum value,
and logical OR. With a few exceptions, primitive scalar functions
take numeric scalar arguments. The relational functions (=<,2,<,>,=,%)
can take either character or numeric arguments but only the equal (=)
and the not equal (#) primitives can take both character and numeric
arguments in the same expression. The logical functions (A,v,~,%,n)
must have arguments that are equal to 0 or 1 within a tolerance of
1E77, the absolute comparison tolerance that APL uses ({(Section 2.4.3)

Table 3-2 summarizes the primitive scalar functions available in this
version of APL. Most of the functions are straightforward and familiar
arithmetic or logical operations.
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Table 3-2
Primitive Scalar Functions

Monadic Dyadic
Function Meaning Function Meaning

+Y Y X+Y Add X to Y

Y Negative of Y X-Y Subtract Y from X

xY Sign of ¥! xxy Multiply X and Y

+Y Reciprocal of Y X+Y Divide X by Y

*Y E to the Yth power X*xY X to the Yth power

|y Magnitude of Y Xly X residue of Y (see
primitive mixed
operators)

ry Ceiling of Y Xry Maximum of X and Y

LY Floor of Y XLy Minimum of X and Y

ey Natural logarithm of Y XeYy Log of Y to the
base X

Y Factorial of Y X'y Binomial coeffici-
ent (number of
combinations of Y
things taken X at
a time)

2Y A random integer of 1Y X?Y X number of random
integers in the
range 1 through Y

oY Pi times Y XoYy Trigonometric
functions (Y is in
radians. See Table
3-3)

Ipefinition: xY is -1 if ¥<o0

xY is 0 if Y=0
xY is 1 if Y>0
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Table 3-3 lists the values 0 through 7 and 0 through -7 that are

needed as the left argument to the circle function (0)
perform trigonometric functions.

vector,

is expressed in radians.

Table 3-3

The Dyadic Circle Function

in order to

The right argument, a scalar or

Expression Result Expression Result
0oXx (1-X*2)*.5
10X sine X -10X arcsin X
20X cosine X -20X arccos X
30X tangent X -30X arctan X
4ox (1+X%x2)x.5 -4oXx (-1+X%2)*.5
50X sinh X -50X arcsinh X
60X cosh X -60X arccosh X
70X tanh X -70X arctanh X

The following examples illustrate ways in which primitive scalar
functions can be extended to arrays:

[e1:e
x.’. )

@
K1)
10

12

Bed 3rS5 6 8B 3 21 6
o

AELEME MY W B7 e ELEMEMT
axX0

36 64
4 1

16 4

X0

12 16

4 2

8 4

250 1 2 3 45 6 7 8
8 16 32 64 128 256
4 9 16 25 F6%0.,5

W)

4 2

MU T LR L LOAT L OM
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3.2.1 Relational Functions

In APL, the relational functions (<,z,<,>,=,#) return results; they
are not simply comparison functions. An expression of the form 4<B
yields the result of 1 if true (4 is less than or equal to B), and O
if false. For example:

Py b

426

ey Te

These functions can take either numeric or character arguments, but
only the equal and not equal functions can have mismatched arguments,
that is, one numeric and one character argument simultaneously. For
example:

X

When you use relational functions with Boolean arguments (0 and 1),
the relational functions can perform logical operations. For example,
the not equal (#) function performs an exclusive OR operation if its
arguments are 0Os and ls:

O#O5 0415 L4035 1#1

0110
0011#0101

1
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3.2.2 Logical Functions

The following table is a truth table that describes the results of
logical operations:

Table 3-4
Truth Table

Arguments Functions
AND OR NAND NOR
X Y XAY XvY XwY X~y
0 0 0 0 1 1
0 1 0 1 1 0
1 0 0 1 1 0
1 1 1 1 0 0
NOT
X ~X
0
1 0
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| or .AB — The Residue Function

Format

dyadic

Argument Types

Both arguments can be either scalars or vectors and either
integer or noninteger.

Definition

Obtains the remainder or residue of a number. The residue is a
unique number whose value is in the range between the value of
the left argument and zero. It is obtained by adding or sub-
tracting multiples of the left argument from the right argument.
For example, for positive arguments, the remainder is obtained
by dividing right arguments from left arguments. The result of
a residue operation has the same sign as the sign of the left
argument.

The formal definition of the residue function is as follows:

A|B IS B-Ax!B+ A+A=0

If the left and right arguments are equal, the residue is 0. If
the left argument is 0, then the residue is equal to the value of
the right argument.

If the left argument is not 0, then the residue is in the range
of the left argument through 0; it may equal 0 but not equal the
value of the left argument.
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