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0

I ntroduction

APL stands for A Programming Language. It is a notation invented by K. E. Iverson
in the late 1950s for the description of agorithms, and expanded on and made into the
programming system APL\ 36 0 by Iverson and his colleagues Adin Falkoff, Larry Breed,
Dick Lathwell, and Roger Moorein the mid-1960s.

This document, Programming L anguage APL, Extended, is asequel to Programming
Language APL, SO 8485 (1989).

The principal differences that the reader will find here have to do with new features that
have been added. These topicsare:
without
greatest common divisor
least common multiple
duplicate
commute
table
joinaong first axis
mixed arrays
overbar in names
underbar in names
replicate
character grades
grades of arrays greater than rank one
unique
aphaasaname
omega as a name
ambivalent defined functions
event handling
n-wise reduction
complex arithmetic
left
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0. INTRODUCTION
right

function rank operator

defined operators

component file system

enclose
disclose
enlist
pick
depth
identical
each
first

An entry for each of these topicswill be found in theindex. Some new system commands
have been added. Shared variable extensions have been added. Workspace Interchange
Standard 2 is given, in which canonical representation vectors of type “E” are used to

represent generalised arrays.

2

1 May 1997 at 23:52

APL Extended — DI 'S 8485(1997)



Scope and Field of Application

1.1 Purpose

This standard defines the programming language APL and the environment in which APL
programs are executed. Its purposeis to facilitate interchange and promote portability of
APL programs and programming skills.

1.2 Scope

This standard specifies the syntax and semantics of APL programs and the characteristics
of the environment in which APL programs are executed.

It al so specifies requirements for conformanceto this standard, including the publication of
valuesand characteristics of implementati on properties so that conforming i mplementations
can be meaningfully compared.

This standard does not specify:
— implementation properties that are likely to vary with the particular equipment or
operating system used;

— required values for implementation limits such as APL workspace size or numeric
precision;

— the data structures used to represent APL objects;

— thefacilitiesavailable through shared variables.

APL Extended — DI S 8485(1997) 3
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1. SCOPE AND FIELD OF APPLICATION
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Form of the Standard

Thisstandard isaforma model of an APL machine, specified as a collection of finite sets,
diagrams, and eval uation sequences, and objects constructed from finite sets, diagrams, and
eval uation sequences.

The finite sets are the implementation-defined character-set, the implementation-
defined set of numbers, and the enumerated sets array-type, class-names, keyboard-
states, mode-names, required-character-set, and wor kspace-presence.

Diagrams are directed graphs used to designate syntactic forms.

Evduation sequences are forma procedures that operate on finite sets, diagrams, other
eval uation sequences and objects defined in the standard.

Objects are entities consisting of enumerated set members and other objects. The objects
areligt, array, defined-function, defined-operator, token, symbol, context, workspace,
session, shared-variable, and system.

Each object has attributes describing its state. The attributes of an array, for example, are
itstypical element, its shape, and itsravel.

Objects often have defined properties derived from their attributes. The rank of an array,
for example, isthe shape of the shape of the array.

3.1 Form of Definitions

Defined terms in this standard are always set in bold and indexed. The index entry begins
with the page number of the definition followed by the page numbers of al references to
the term. If the definition and a use of aterm occur on the same page, that page number
will occur twicein the Index.

APL Extended — DI S 8485(1997) 7
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3. FORM OF THE STANDARD

The following terms occur throughout the document and are not cross-indexed: character,
content, class, item, and number.

Note: Termsin this document include both phrases such asimplementation-parameter and words
such as nil.

Each definition in this standard takes one of four forms.

1. Regular definitions consist of the term being defined followed by a colon and the body
of the definition. The term Boolean is defined in thisway.

2. Members of an enumerated set are defined simply by being listed in the definition of the
enumerated set. The term nil isdefined in thisway, as a member of the enumerated set
class-names.

3. Diagrams are defined by directed graphs. The term expression is defined in thisway.

4. Definitions of terms that designate eval uation sequences take the following form:

— The term being defined, such as scan.

— Theformsthat theeval uation mechanism usedinthestandard recogni sesasdesignating
thisterm, suchas z «f \B.

— An informa introduction indicating the purpose of the procedure. The informal
introductionis considered commentary on the standard.

— An evaluation sequence expressed in aformal, though English-like, language defined
in the subsection Evaluation Sequences. A conforming-implementationisrequired
to emulate the behaviour described in the evaluation sequence as modified by the
additional-requirements, if any.

— Examples, which show effects of the procedure specified by the eval uation sequence.
Examples are considered commentary on the standard.

— Additional Requirements, giving aspects of the behaviour required of thisoperation
that cannot conveniently be expressed in the eval uation sequence.

3.2 Named Arraysin Examples

Intheexamplesin thisstandard, APL identifiersbeginningwith ¥, suchas v2 3 4, represent
numeric arrays whose shape and content are specified by the digitsin the identifier. Each
digit in the identifier specifies an element of the shape vector; each element of the array,
when broken down into digits, givesthe index of that element.

For example,

Example:

Ny
12 3 4

8 APL Extended — DI'S 8485(1997)
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3.3. NOTES

N23
11 12 13
21 22 23

N234
111 112 113 114
121 122 123 124
131 132 133 134

211 212 213 214
221 222 223 224
231 232 233 234

N234[2;3;51]

3.3 Notes

This standard contains notes that comment on the text of the standard, pointing out the
significance of definitions, noting rel ationshi ps between definitions, and otherwise making
the text approachable. These notes are set in a different type style than the text of the
standard, and are prefixed with theword “Note:”. The following is an example of anote.

Note: Thisisan example of a note.

Notes never set requirements for conformance. They may suggest desired properties, but
such suggestions are not mandatory for conformance.

3.4 Cross-References

The heading levels in this standard are chapter, section, and subsection. When cross-
references are given, they are aways to a subsection title. In the Index, subsections are
trested like definitions: the page on which a subsection begins is always the first entry in
the Index; subsequent page numbers in the index show where references are made to the
subsection.

3.5 General Definitions

For the purpose of this standard, the definitions given in 1SO/DIS 2382/15 shall apply,
together with the following:

— Program: An application.

Note: Thetermisusedin this standard to include everything from an APL expressionto a collection
of workspaces communicating via shared variables.

APL Extended — DI S 8485(1997) 9
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3. FORM OF THE STANDARD

— Implementation: A combination of computer hardware and software that processes
(APL) programs.

Note: Animplementation is an instance of the object system specified by this standard.

— Facility (of an implementation): A unit of behaviour. Every facility isone of:

— Defined-Facility: A facility fully specified in this standard and not designated
optional or implementation-defined.

— Optional-Facility: A facility fully specified in thisstandard and designated optional.

— Implementation-Defined-Facility: A facility not fully specified by thisstandard that
is designated implementation-defined.

— Consistent-Extension: A facility not specified in this standard that, for a construct
this standard specifies as producing an error, gives some effect other than signaling
the specified error.

10 APL Extended — DI'S 8485(1997)
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4

Compliance

4.1 Conforming I mplementations

An APL implementation conformsto this standard if it meets the following requirements
for both behaviour and documentation.

4.1.1 Required Behaviour for Conforming I mplementations

A conforming-implementation shall provide all defined-facilities and implementation-
defined-facilities. Each such facility shall behave as specified by this standard.

A conforming-implementation may provideoptional-facilities. If provided, an optional-
facility shall behave as specified by this standard. Attempted use of an optional-facility
that is not provided shall cause the conforming-implementation to signal an error. A
conforming-implementation shall not replace the error signalled by a missing optional-
facility with other behaviour.

A conforming-implementation may provide consistent-extensions. The presence of a
consistent-extension shall not affect the behaviour of a conforming-program.

A conforming-implementation shall use algorithmsthat produce resultsthat are the same
as those produced by the evaluation sequences. Mathematica function agorithms shall
have at least the accuracy that the agorithms given in the evaluation sequences would
produce.

Note: The evaluation sequences used in this standard are intended to specify results, not
implementation techniques.

The errors produced by the absence of an optional-facility cannot be replaced by consistent-
extensionsin a confor ming-implementation, since this would affect the behaviour of confor ming-
programsthat use the optional-facility.

APL Extended — DI S 8485(1997) 11
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4. COMPLIANCE
4.1.2 Required Documentation for Confor ming I mplementations

A conforming-implementation shall provide a reference document that satisfies the
following requirements for the documentation of optional-facilities, implementation-
defined-facilities, and consistent-extensions:

4.1.2.1 Documentation of Optional-Facilities

A conforming-implementation shall document the presence or absence of each of the
following optional-facilities:

— Shared-Variable-Protocol. A mechanism that permits one session to exchange data
with other autonomous sessions.

— Statement-Separator-Facility. A mechanism for placing more than one statement on a
line.

— Trace-and-Stop-Control. A mechanism that assiststhetesting and correction of defined
functions.

— Complex-Arithmetic-Facility. A mechanism that permits the generation and
mani pul ation of complex-arithmetic results.

4.1.2.2 Documentation of | mplementation-Defined-Facilities

A conforming-implementation shall document the foll owing aspects of implementation-
defined-facilities:

— A description of thecharacter-set. Thisshall includeatable showingthe correspondence
between index positions in the atomic-vector and the members of the reguired-
character-set. If the graphic symbols used in a conforming-implementation are
dissimilar to those in Table 1, the correspondence between the graphic symbolsused in
theimplementation and thosein Table 1 shall be given.

— A description of the numbers. This shal include a characterisation of the interna
representation used for numbers.

— Descriptions of the characteristics of each implementation-algorithm.
— Thevalue of each implementation-parameter.
— A description of each internal-value-set.

— A description of additional event-types.

12 APL Extended — DIS 8485(1997)
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4.2. CONFORMING PROGRAMS
41.2.3 Consistent Extensions

A conforming-implementation shall document all consistent-extensionsit provides. The
documentation shall clearly indicate that the use of a consistent-extension prevents a
program from conforming with this standard.

Note: Implementers of confor ming-implementations should, in general, be wary of replacing
limit-errors with consistent-extensions, since these errors are the only safeguardsa conforming-
program haswhen attempting to operatein a confor ming-implementation whoseimplementation-
parameter sareinadequate to support it.

For example, if thelimit-error onidentifier-length-limit werenot signalled, a confor ming-program
with identifierslonger than the local identifier-length-limit could malfunction without warning.

4.2 Conforming Programs

A program conforms to this standard if it meets the following requirements for both
behaviour and documentation.

4.2.1 Required Behaviour for Conforming Programs

A conforming-program shall use only those facilities specified in this standard.
A conforming-program shall not use consistent-extensions.

A conforming-program shall not depend on the signalling of any error by a confor ming-
implementation.

Note: Confor ming-programs cannot depend on error behaviour, since consistent-extensionsthat
replaceerrorsarepermitted in confor ming-implementations. A conforming programmay makeuse
of certain event handling featuresunreservedly (for example, 0 5), and other swith somerestrictions.
Consider the following example:

Z«<'"1' OFA "4 0OSVO B'
Z«(0 1 2 "1)[0 1 212]

Thisis conforming becauseit only dependson the values o, 1, and 2, which have defined meanings
when returned as the result of 0svo. Thefirst line can return anything, but the second line filters
out all but 0, 1, and 2, hence eliminating any subtle dependencieson error behaviour or consistent
extensions.

4.2.2 Required Documentation for Confor ming Programs

A confor ming-program shall document which optional-facilitiesit requires.

APL Extended — DI'S 8485(1997) 13
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4. COMPLIANCE

A conforming-program shall document any specific requirements it has for
implementation-parameters.

Note: A conforming-program may or may not work, and may or may not produce identical
resultson all confor ming-implementations, because of inherent dependencieson implementation-
parameter sor implementation-algorithms such as the algorithm used for matrix inversion.

It is suggested that conforming-programs provide documentation detailing the values of
implementation-parameters they require so that their suitability for a given conforming-
implementation can be determined readily.
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Definitions

5.1 Characters

— Character-Set: Animplementation-defined finite set.
— Character: A member of theimplementation-defined finite set character-set.

— Required-Character-Set: An enumerated set which isthe union of aset of aphabetics
with the sets of Numeric Characters and Special Characters designated in Table 1. The
aphabetics may be any alphabet; this standard uses the Alphabetic Characters shown
in Table 1 to represent the dual-case Latin alphabet. The character-set provided by a
conforming-implementation shall contain all members of the required-character-set
which results from the choice of alphabet.

Additional Requirement:

Membersof therequired-char acter-set arerepresented in thisstandard by graphic symbols
in a particular typeface, as shown in Table 1. The graphic symbols associated with the
required-character-set in aconforming-implementation are implementation-defined.

Note: There are conformance requirements associated with the required-character-set. A
confor ming-implementation must publish, as part of its required documentation, a table giving the
correspondence between the graphic symbolsin Table 1 and the atomic-vector. Wherethe graphic
symbols provided are not similar in appearanceto those used in this standard, the correspondence
between the graphic symbolsin this standard and those provided by the implementation must also be
provided.

Some of the graphic symbols given in Table 1 are not used to designate APL constructs in this
standard. They are present to provide all keys on common terminal keyboardswith corresponding
symbols.

The namesin Table 1 are not to be considered part of this standard.
APL Extended — DI S 8485(1997) 15
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5. DEFINITIONS

Alphabetic Characters

B ¢
z
D E F

(I
I~ 1o =~
NS

Numeric Characters
0 1 2 3 4
Specia Characters

alpha

down arrow
|eft arrow
right arrow
up arrow

- bar

blank

|eft brace
right brace
|eft bracket
right bracket
down caret
down caret tilde
|eft caret
right caret

up caret

up caret tilde
circle

circle backslash
circle bar
circle star
circlestile
colon

, comma

5 comma bar

v dd

7 de stile

- ¥ 4+ <« R

e - ® 0 & 0O F > V A L LK /A
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> B >

<

$Hol

| % X IA o = IV Il m =«

t0 @O+ — —~

D F F G H I J K L M

I J K L

6 7 8 9

del tilde

delta

deltastile
deltaunderbar
dieeresis
diamond

divide

dollar sign

dot

epsilon

equal
grester-than or equal
iota

jot

less-than or equal
multiply

not equal
overbar

|eft parenthesis
right parenthesis
plus

quad

quad divide
query
diaeresisjot
guote

! quotedot

N

=

4 4 1L T l F mr— — % &~ >~ D D U N c « O

l

l

n

O P @ R S§ T U V W

0 P & R

guote quad
rho
semicolon
down shoe
[eft shoe

right shoe

up shoe

up shoejot
slash

back dlash
slash bar

back dash bar
Star

dile

down stile

up stile

up tack

up tack jot
right tack

left tack
down tack
down tack jot
tilde
underbar
diaeresistilde
omega

equa underbar

Table 1: The Required Character Set
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5.2. NUMBERS
5.2 Numbers

— Number-Set:  An implementation-defined finite set used to represent arithmetic
guantities.

— Number: A member of the number-set.

Note: The number-set is an abstraction used in this document to represent the floating-point
arithmetic quantities of an arbitrary computer.

5.2.1 Elementary Operations

Elementary-Operation: One of the following four implementation-algorithms.

— 4 PlusB.

Note: Plusimplements addition.

— 4 MinusB.

Note: Minusimplements subtraction.

— 4 TimesB.

Note: Times implements multiplication.
— A Divided-by B.

Note: Divided-by implementsdivision.

Note: Each elementary-operation is a mapping from the Cartesian product of the number-set
with itself back onto the union of the number-set and the metaclass error, as described in the
subsection Implementation-Algorithms. It is assumed that members of the metaclass error are
returned by elementar y-oper ationswhen results cannot be represented as numbers. In particular,
exponent-overflow isreturnedwhen the result of an elementar y-oper ationistoo largein magnitude
to be represented by a number, exponent-under flow is returned when the result of an elementary-
operation is non-zero but too small in magnitude to be represented by a number other than zero,
and domain-error is returned by an elementary-operation called with arguments for which its
mathematical counterpartis undefined, such as one divided-by zero.

The treatment of exponent-overflow and exponent-underflow is not specified by this standard,
except as suggestions to the implementer. Implementers should avoid having exponent-overflow
and exponent-under flow occur in the inter mediate results of implementation-algor ithms wherever
possible. In any case, exponent-under flow should not causea limit-error.

The fact that these fundamental algorithms are effectively undefined in the standard is intentional.
A definition general enough to cover all known and possible floating-point systems was felt to be
less useful than the requirement that the internal representation for numbers in a conforming-
implementation be describedin the required-documentation for the implementation.
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5. DEFINITIONS
5.2.2 Number Constants

Note: The following numbers, used in this standard, are defined here as terms to make clear the
distinction between APL constant arraysrepresentedasstringsof APL digits, suchas 1, and members
of the the implementation-defined finite set containing number s, such asone.

Thesetermsarealwayssetin bold whenthey areusedin thisformal sense. They arenot cross-indexed.

— Zero: A number such that, for any number 4, 4 pluszeroisA.
— One: A number such that, for any number 4, 4 timesoneis4.
— Negative-One: Zero minusone.

— Two: Oneplusone.

— Three: Two plusone.

— Four: Three plusone.

— Five: Four plusone.

— Six: Fiveplusone

— One-half: One divided-by two.

— Imaginary-One: Negative-Oneto-the-power one-half.

5.2.3 Subsetsof the Set of Numbers

Note: The following subsets of the numbersare used to define the domains of operations.

— Boolean: zero or one.
Note: Falseisrepresented by zero, true by one.

Note: A counting-number is a member of the subset of the number s accessible under a successor
function.

— Positive-Counting-Number: one or any number that can be generated by 4 plus one,
where 4 isapositive-counting-number .

— Negative-Counting-Number: The number negative-one or any number that can be
generated by ¥ plus negative-one, where IV is a negative-counting-number .

— Nonnegative-Counting-Number: A positive-counting-number or zero.
18 APL Extended — DI S 8485(1997)
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52. NUMBERS

— Counting-Number: A negative-counting-number or a nonnegative-counting-
number.

Note: An integer is a member of the subset of the number s accessible from zero and one through
addition and subtraction.

— Positive-Integer: A positive-counting-number or anumber that can be generated by
A plus B, where 4 and B are positive-integers.

— Negative-Integer: A negative-counting-number or a number that can be generated
by A plus B, where 4 and B are negative-integers.

— Nonnegative-Integer: A positive-integer or zero.

— Integer: A negative-integer or anonnegative-integer.

— Positive-Number: A positive-integer, or anumber other than zerothat can begenerated
by A times B, by 4 divided-by B, or by 4 plusB, where 4 and B are positive-numbers.

— NegativeeNumber: A negative-integer, or a number other than zero that can be
generated by 4 times B, by 4 divided-by B, or by ¢ plus D, where 4 is a positive-
number and B, ¢ and D are negative-numbers.

— Nonnegative-Number: A positive-number or zero.
— Real-Number: A negative-number or anonnegative-number.

— Complex-Number: A real-number, or anumber that can be generated by A plus (B
timesimaginary-one), where 4 and B are real-numbers.

— Complex-Integer: A complex-number that can begenerated by 4 plus(imaginary-one
times B), where 4 and B are integers.

— Half-plane: Two numbers are in the same half-plane if the signs of either their real-
parts or imaginary-partsare nonzero and are equal .

— Unit-square: A unit-square contains all numbersfor which theintegra part of the real
parts are the same and the integral parts of the imaginary parts are the same.

— Arc: Thearc of anumber iszero if the number iszero, and otherwiseistheimaginary-
part of the natural-logarithm of the number, and has avalue greater than minus pi and
less than or equal to pi.

— Fraction: A number lying in the rectangle of the complex-plane bounded by the two
paralel lines passing through zero and one at an angle of 135 degrees withtherea axis,
and thetwo paralél lines passing through one and negative-oneat an angle of forty-five
degrees with the real axis, including the number s on the lines going through zero and
negative-one, but not including the number s on the two linesthrough one.
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5. DEFINITIONS

— First-Quadrant-Associate; Either a nonnegative-number, or a number with both
real-part and imaginary-part positive-numbers, and having the same magnitude as
a given nonzero number, and separated from it by an angle of either 0, 90, 180, or 270
degrees.

Note: The number sare assumed to be identical to the complex-numbers.
Example
Consider a normalised base-2 floating point number system with atwo position exponent field and a

two position mantissafield with the radix point between the digits. The decimal valuesrepresentable
with this system and the categories into which each falls are asfollows:

Exponent Mantissa Value Boolean Counting- Integer
inBase2 inBase2 inBasel10 Number

00 00 0 Y Y Y
00 10 1 Y Y Y
00 11 15

01 10 2 Y Y
01 11 3 Y Y
10 10 4 Y Y
10 11 6 Y
11 10 8 Y
11 11 12 Y

As can be seen in this example, counting-number sform a dense subset of the integers; the largest
counting-number is typically a power of the number system base.

A given number, such asacounting-number , may have several hardware representations. Except for
their effect on system resources, these representations should be indistinguishable to a confor ming-
program.

524 Implementation Algorithms

An Implementation-Algorithm is an agorithm used in this standard whose behaviour
is implementation-defined. The following implementation agorithms are used in this
standard.

— Conjugate
— Cosine

Current-Time

— Deal

Display
Divided-by
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5.2. NUMBERS
— Exponential

— Function-Display
— Gamma-Function

Greatest-Common-Divisor

Hyperbolic-Cosine

Hyperbolic-Sine

Hyperbolic-Tangent

Inverse-Cosine

I nver se-Hyperbolic-Cosine

Inverse-Hyperbolic-Sine

I nver se-Hyperbolic-Tangent

Inverse-Sine

I nver se-Tangent

Magnitude

Matrix-Divide

Minus

Modulo

Natural-L ogarithm

Next-Definition-Line

Numeric-Input-Conversion

Numeric-Output-Conversion

Pi-Times

Plus

Produce-Canonical-Representation-Vector

Pseudor andom-Number-Generator

Read-Keyboard

— Sine

— Tangent

— Times
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— Time-Stamp

— To-the-Power
— Trace-Display
— Typical-Element-For-Mixed

The following implementation-algorithms take a number as an argument and return
either a number or an error: Cosine, Exponential, Gamma-Function, Hyperbolic-
Cosine, Hyperbolic-Sine, Hyperbolic-Tangent, Inverse-Cosine, Inverse-Hyperbolic-
Cosing, Inverse-Hyperbolic-Sine, I nver se-Hyper bolic-Tangent, Inverse-Sine, | nver se-
Tangent, Magnitude, Natural-L ogarithm, Pi-Times, Sine, Tangent.

The following implementation-algorithms take two numbers as arguments and return
either anumber or an error: Divided-by, Minus, Modulo, Plus, Times, To-the-Power.

The properties of the remaining implementation-algorithmsare described in the chapters
inwhich they are used.

5.25 Defined Operations
— A Equals B: An operation that, for 4 and B numbers, returnsone if 4 and B are the
same number, and zero otherwise.

— Direction of 4: Anoperationthat,for 4 anumber, returnszeroif 4 iszero, and otherwise
returns the number determined by theradia projection of 4 onto the unit-circle.

Note: For 4 areal-number, the direction of 4 is either negative-oneor zero or one.

— 4 is Greater-Than B: An operation that, for 4 and B real-numbers returns one if
A is a positive-number and B is a negative-number, returns one if 4 minus B is a
positive-number, and returns zero otherwise.

— AlisLess-Than B: Anoperationthat, for 4 and B real-numbers, returns B greater-than
A.

— Negation of 4: An operation that, for any number 4, returnszero minus4.

— Magnitude of 4: An operation that, for A a number, returns the non-negative real-
number determined by rotating A onto the nonnegative real-axis.

— Open-Interval-Between 4 and B: An operation that, for any numbers 4 and B, returns
a subset of the numbers as follows: if 4 isnot greater-than B, the set of al numbers
greater-than 4 and less-than B; otherwise, the open-interval-between B and 4.

— Closed-Interval-Between A and B: An operationthat, for any numbers4 and B, returns
a subset of the numbers consisting of 4, B, and the open-interval-between 4 and B.

— Larger-Magnitudeof 4 and B: An operation that, for any numbers 4 and B, returnsthe
magnitude of 4 if itisgreater-than that of B, and the magnitude of B otherwise.
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52. NUMBERS

— Distance-Between 4 and B: An operation that, for any two numbers 4 and B, returns
the magnitude of 4 minusB.

— AisTolerantly-Equal to B Within ¢: An operation that, given threenumbers 4, B, and
¢, with ¢ greater than or equal to zero, returnsaBoolean Z determined as follows:
If 4 equals B, then Z isone.
If 4 and B are not in the same half-plane, then Z is zero.
If thedistance-between 4 and B isless-than or equals ¢ timesthelarger-magnitude
of 4 and B, then Z isone.
Otherwise, Z is zero.

— Tolerant-Floor of 4 Within B: An operation that, for A anumber and B anonnegative-
number, returnsa complex-integer Z determined as follows:

Let 4 be amember of the set of numbersin the unit-square at the complex-integer ¢,

and let D be A minusc.

If the sum of the real and imaginary parts of D is tolerantly-less-than one within B,
then Z isc.

Otherwise, if theimaginary-part of D is greater-than thereal-part of D, then Z is¢C
plusimaginary-one.

Otherwise, Z is ¢ plusone.

— A isIntegral-Within B: An operation that, for a number 4 and a positive-number B,
returns a Boolean Z determined as follows:
Let ¢ stand for the negation of 4.
Z isoneif thetolerant-floor of ¢ within B equalsthe negation of thetolerant-floor of
A within B, and zero otherwise.

— A isaNear-Integer: An operation that, for a number 4, returns oneif 4 isintegral-
within integer-tolerance, and zero otherwise.

Note: The foregoing definition contains a forward referenceto integer -toler ance.

— Integer-Nearest-to 4: Anoperationthat, for anear-integer 4, returnsthetolerant-floor
of 4 within integer-tolerance.

— 4 isNear-Boolean: An operation that, for anear-integer 4, returnsone if theinteger-
nearest-to 4 isaBoolean, and zero otherwise.

Note: Near-integer sand near-Booleansinclude number swhose magnitudeisless-than integer-
tolerance. The operation integer-near est-to maps such numbersto zero.

— A isReal-Within B: Anoperationthat, foranumber 4 and apositive-number B, returns
aBoolean Z determined as follows:
Let R stand for the magnitude of the real-part of 4, and I for the magnitude of the
imaginary-part of 4.
z isoneif T isless-than-or-equal either to B, or to R times B, and is zero otherwise,

— 4 is Near-Real: An operation that, for a number 4, returns one if 4 is real-within
real-tolerance, and zero otherwise.
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5.3 Objects

Note: The description of APL in this document is based on objects—abstract data structuresthat are
describedin terms of characters, numbers, and elementary set theory.

Each object has a small set of named attributes that take on valuesthat are characters, numbers, or
other objects.

Each object has additionally a small set of operationsthat can be performed upon it.

All the objects in the description are defined here, as are all the attributes of each object. The
operations are introduced as they are needed. All objects, attributes, and operations are cross-
referencedin the index.

531 Lists

Index: A nonnegative-counting-number less than or equd to index-limit.

List: An object with the following attributes:

— Index-Set: A finiteset T of positive-counting-number s chosen so that for every subset
of T, except the empty set, the cardinality of that subset isin T.

— Value-Set: A finite set in a specific correspondence with the index-set of the list.

Empty-List: A list, the cardinality of whose index-set is zero.
Nonempty-List: A list, the cardinality of whose index-set isgreater-than zero.
Number-of-ltemsin L: The cardindlity of theindex-set of thelist L.

Item X of L: An operation that, for X a member of the index-set of the list L, returns
the member of the value-set of I associated with X by the correspondence between the
value-set of I and theindex-set of L.

Note: Thisform of indexing is alwaysin origin one.
First-Item in L: An operation that for anonempty-list L returnsitem oneof L.

Last-Item in L: An operation that for anonempty-list Z, and for ¢ the number-of-items
inZ, returnsitem C of L.

Rest-of L: An operation that, for a nonempty-list Z whose index-set has cardinality ¢,
returns a second list R whose index-set has cardinality ¢ minus one, such that for each
item Jintheindex-set of R, item J of R isitem (J plusone) of L.

Product-of 7.: An operation defined on alist of numbers L asfollows:
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5.3. OBJECTS

If the number-of-itemsin L iszero, one.

If the number-of-itemsin L isone, thefirst-itemin L.

If the number-of-itemsin L isgreater-than one, first-item in L times the product-of
therest-of L.

Prefix: A (possibly empty) list P isaprefix of alist L if theindex-set of P isa subset of
theindex-set of L, and each item of P isthe same as the corresponding item of L.

5.3.2 Arrays
Array-Type: Anenumerated set containing the members character, numeric, and mixed.
Array: An object with the following attributes:

— Shape-list: A list of nonnegative-counting-numbers.

— Ravd-list: A list. Each item of thelist iseither acharacter, anumber, or an array.
The number-of-itemsin the rave-list of an array 4 isthe same as the product-of the
shape-list of 4.

— Type: A member of the enumerated set array-type.

If thetype of A ischaracter, theravel-list of 4 isalist of characters; if the type of 4
isnumeric, theravel-list of 4 isalist of numbers.

Sufficient-Type of L under T: thefollowing operation on atype T and alist L.
If 7 ischaracter or numeric, return 7
eseif L isanonempty-list
if all items of L are numbers, return thetype numeric
if all items of L are characters, return thetype character
otherwise, return the type mixed
else return the type of the typical-element of L.

Note: The foregoing definition is intended to provide for the cases where a mixed-array becomesa
non-mixed array, and vice-versa.

Rank of 4: An operationthat, for an array or array-of-vectors 4, returnsthe number-of-
itemsin the shape-list of 4.

Simple: Anarray issimpleif each item of itsravel-list iseither acharacter or anumber.
Scalar: Anarray whoserank iszero.
Simple-scalar: A simplearray whoserank iszero.

Max-shape-of B An operation that, for B, an arrays defined as follows:
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Set B1 to thefirst-thingy of B.

Set M1topB1.

If the count-of B isone, return M1.

Set B2 to theremainder-of B.

Set M2 to the max-shape-of B2.

If the shape-list of M1 differsfrom the shape-list of ¥2, signa rank-error.
Return M1 M2

First-thingy in 4: An oprationthat for 4, an array, returnsan array B, defined asfollows:
If 4 isempty, set B1 to thetypical-element of 4.
Otherwise, set B1 to thefirst-item of theravel-list of 4.
If B1 isanumber or acharacter, set B to an array, whose ravel-list containsthe single
item B1, and whose shape-list is empty.
Otherwise, set B to B1.

Numeric-Scalar with value I: For T anumber, the scalar Z such that thetype of Z is
numeric and theravd-list of Z isthelist L such that the number-of-itemsin L isone and
thefirst-itemof L isI.

Count of 4: For 4 an array, the product-of the shape-list of 4.
Vector: Anarray whoserank isone.

Matrix: Anarray whoserank istwo.

Length of 4: For A avector, the count of 4.

Typical-Element of A: For 4 an array, if thetypeof 4 ischaracter, thecharacter blank;
if thetypeof 4 isnumeric, thenumber zero; if thetypeof 4 ismixed, thetypical-element
is determined by an implementation-defined-algorithm.

Empty: Of an array, the count of which iszero.
One-Element-Vector: A vector 4 isaone-element-vector if thelength of 4 isone.

K isaValid-Axisof A: An operation that, for 4 and K arrays, returnsoneif X isascalar
or one-element-vector, and the first-item in the rave-list of x is a near-integer, the
integer-nearest-to which isa member of the index-set of the shape-list of 4; and returns
zero otherwise,

Axisk of A: An operation that, for A an array and k¥ avalid-axisof 4, returnsitem x of
the shape-list of 4.

Array-of-vectors. An object with the following attributes:

— Shape-list: A list of nonnegative-counting-numbers.

— Ravd-list: Each vector v in the rave-list of an array-of-vectors 4 has the type
sufficient-type of theravel-list of v under the type of 4.
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— Type: A member of the enumerated set array-type.

Note: The term array-of-vector sis used only as an expository device.

Along-Axisk of A: An operation that, for an array 4 with non-zero rank ~, produces z,
an array-of-vectors of rank ¥-1 such that the shape-list of Z isthe shape-list of 4 with
item k omitted. Each item of theravel-list of Z isavector whose length is the same as
axisk of 4.

Note: Some operations on vectors extend to arrays of greater rank in a manner similar to scalar-
extension. Along-axisis an expository device used in the definition of these operations.

Vector-Item I of A: An operation that, for an array-of-vectors 4, returnsitem I of the
ravel-list of 4.

Ravel-Along-Axisk of A: Anoperationthat,for anarray A with non-zerorank v, produces
an array-of-vectors Z such that the shape-list of Z isthe product-of the shape-list of 4
withitem k omitted, and theravel-list of Z istheravel-list of along-axisx of 4.

First-Scalar in A: An operation that, for 4 a nonempty array, returns a scalar Z such
that the ravel-list of Z is the first-item in the ravel-list of 4 and the type of Z is the
sufficient-type of the rave-list of Z under thetypeof 4.

Remainder-of 4A: An operationthat, for 4 anon-empty vector, returnsavector Z such that
the length of Z isnegative-one plusthe length of 4, theravel-list of Z isthe rest-of the
ravel-list of 4 and thetype of Z isthe sufficient-type of theravel-list of Z under thetype
of 4.

Row T of 4: An operation that, for 4 an array of rank two and I a humber, returns
vector-item I along-axistwo of 4.

Number-of-Rowsin 4: An operation that, for 4 an array of rank two, returnsitem one
of the shape-list of 4.

Integer-Array-Nearest-to 4: An operation that, for 4 an array having the property that
each item of theravel-list of 4 isanear-integer, returnsanumeric array Z such that the
shape-list of Z isthe same asthe shape-list of 4 and each item of the ravel-list of Z isthe
integer-nearest-to the corresponding item of theravel-list of 4.

Boolean-Array-Nearest-to 4: An operation that, for 4 an array having the property that
each item of theravel-list of 4 isanear-Boolean, returnstheinteger-array-nearest-to 4.

5.3.3 Defined-Functions

Note: A defined-function represents a function defined by a user. The attributes of a defined-
function are given here. Operations are described in the Defined Functions chapter. Defined-
operatorsare a subclass of defined functions.
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Defined-Function: An object with the following attributes:

— Canonical-Representation: A character array whoserank istwo.
— Stop-Vector: A numeric vector.

— Trace-Vector: A numeric vector.
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5.34 Tokens

Class-Names: A set containing the following members:

Assignment-Arrow
AXis-Error

Branch

Branch-Arrow
Character-Literal
Clear-State-I ndicator
Colon
Command-Complete
Committed-Value
Complete-Index-List
Constant
Defined-Function
Defined-Function-Name
Defined-Dyadic-Operator
Defined-Dyadic-Operator-Name
Defined-M onadic-Operator
Defined-M onadic-Operator-Name
Definition-Error
Distinguished-I dentifier
Domain-Error
Dyadic-Operator
Elided-Index-Marker
Escape

Implicit-Error

I ncorrect-Command
Index-Error

I ndex-Separ ator
Interrupt

Labe

Labe-Name

L eft-Argument-Name

L eft-Axis-Bracket

L eft-End-of-Statement

L eft-Index-Bracket

L eft-Operand-Name

L eft-Parenthesis
Length-Error
Limit-Error

L ocal-Name
Monadic-Operator

Nil
Niladic-Defined-Function
Niladic-Defined-Function-Name
Niladic-System-Function-Name
Not-Copied

Not-Erased

Not-Found

Not-Saved
Numeric-Literal
Partial-Index-List
Primitive
Primitive-Function
Rank-Error
Result-Name
Right-Argument-Name
Right-Axis-Bracket
Right-End-of-Statement
Right-Index-Bracket
Right-Operand-Name
Right-Parenthesis
Semicolon
Shared-Variable
Shared-Variable-Name
Simple-l dentifier
Small-Circle
Syntax-Error
System-Function-Name
System-Variable-Name
Unwind

Value-Error

Variable
Variable-Name

Token: An object with the following attributes:

— Class; A member of the set Class-Names.
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— Content: A number, acharacter, or an object, according to the class of the token, as
indicated in Table 2.

Note: Tokensrepresent the internal objects manipulated by an implementation of APL.

The class of a token is a straightforward indication of the sort of object it represents. A token of
class nil, for example, is used to return a value-error from a defined function that does not set its
result name. Notethat class-namesis an enumerated set. This meansthat nil has no definition other
than its literal appearanceon this page. Its significance, like the significance of APL charactersin
this document, liesin the use of its name in evaluation sequences.

Thecontent of atoken varieswith the classof thetoken. If specified, the contentisa char acter, alist
of characters,alist of numbers, anarray, anindex-list, ashared-variable, or a defined-function.

5.34.1 Metaclasses

Note: Metaclassesaresubsetsof theenumerated set class-names. They are used to shorten evaluation
seguencesby abstracting a sequenceof tests on the class of a token into a single test for membership
inametaclass. “If Bisanerror, isequivalentto “ If the class of B isin the metaclasserror”

Metaclass. A subset of the enumerated set class-names.

— ldentifier: A metaclass containing simple-identifier and distinguished-identifier.
— Literal: A metaclass containing character-literal and numeric-literal.

— Lexical-Unit: A metaclass containing primitive, literal, and identifier.

— Value: A metaclass containing committed-valueand constant.

— Ddimiter: A metaclass containing primitive-function, branch-arrow, assignment-
arrow, left-end-of-statement, right-end-of-statement, left-index-bracket, right-
index-bracket, elided-index-marker, left-axis-bracket, right-axis-bracket, left-
parenthesis, right-parenthesis, small-circle, and semicolon.

— Defined-Name: A metaclass containing shared-variable-name, variable-name,
defined-function-name, defined-dyadic-oper ator-name, defined-monadic-operator-
name, niladic-defined-function-name, result-name, left-argument-name, right-
argument-name, label-name, and local-name.

— Defined-Operator: A metaclass containing defined-dyadic-operator and defined-
monadic-operator.

— System-Name: A metaclass containing system-variable-name, system-function-
name, and niladic-system-function-name.

— Classified-Name: A metaclass containing the members of system-name and defined-
name.

— Syntactic-Unit: A metaclass containing the members of classified-name and delimiter.
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Class-Name
Assignment-Arrow
Axis-Error

Branch

Branch-Arrow
Character-Literal
Clear-State-I ndicator
Colon
Command-Complete
Committed-Value
Complete-Index-List
Constant
Defined-Function
Defined-Function-Name
Defined-Dyadic-Oper ator
Defined-Dyadic-Oper ator-Name
Defined-M onadic-Oper ator
Defined-M onadic-Oper ator-Name
Definition-Error
Distinguished-I1dentifier
Domain-Error
Dyadic-Oper ator
Elided-Index-Marker
Escape

Implicit-Error
Incorrect-Command
Index-Error

Index-Separ ator
Interrupt

Label

Label-Name

L eft-Argument-Name

L eft-Axis-Bracket

L eft-End-of-Statement

L eft-Index-Bracket

L eft-Operand-Name

L eft-Parenthesis
Length-Error
Limit-Error

5.3

Content

An array

A list of characters

An array
Anindex-list

An array

A defined-function
A list of characters
A defined-function
A list of characters
A defined-function
A list of characters

A list of characters

A character

An array
A list of characters
A list of characters

A list of characters

Table 2: Relationship between Class-Name and Content
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Class-Name

L ocal-Name

M onadic-Oper ator

Nil
Niladic-Defined-Function

Niladic-Defined-Function-Name
Niladic-System-Function-Name

Not-Copied

Not-Erased

Not-Found

Not-Saved
Numeric-Literal
Partial-Index-List
Primitive
Primitive-Function
Rank-Error
Result-Name
Right-Argument-Name
Right-Axis-Bracket
Right-End-of-Statement
Right-I ndex-Bracket
Right-Operand-Name
Right-Parenthesis
Semicolon
Shared-Variable
Shared-Variable-Name
Simple-l dentifier
Small-Circle
Syntax-Error
System-Function-Name
System-Variable-Name
Unwind

Value-Error

Variable
Variable-Name

Content
A list of characters
A character

A defined-function
A list of characters
A list of characters

A list of numbers
Anindex-list

A character

A character

A list of characters
A list of characters

A list of characters

A shared-variable
A list of characters
A list of characters

A list of characters
A list of characters

An array
A list of characters

Table 2: (Continued)
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— Error: A metaclass containing axis-error, domain-error, implicit-error, index-error,
length-error, limit-error, rank-error, syntax-error, value-error, and interrupt.

Note: This metaclassincludes only errorsthat occur in the evaluation of APL statements.

— Report: A metaclass containing incorrect-command, not-copied, not-erased, not-
found, and not-saved.

— Exception: A metaclass containing branch, escape, clear-state-indicator, unwind, and
the members of error and report.

— Result: A metaclass containing nil and the members of exception and value.
53.4.2 Index-List

— Index-List: A (possibly empty) list consisting of tokenswhose classis either constant
or dided-index-marker.

535 Symbols

Symbol: An object with the following attributes:

— Name: A list of characters.

— Referent-List: A list of tokens.

5.3.6 Contexts

— Mode-Names. An enumerated set containing the members immediate-execution,
execute, function-definition, quad-input, and defined-function.

Context: An object with the following attributes:

— Mode: An element of the enumerated set mode-names.
— Stack: A list of tokens.

— Current-Line: A list of characters.

— Current-Statement: A list of tokens.

— Current-Function: If mode is defined-function, a defined-function; otherwise
undefined.

— Current-Line-Number: If modeisdefined-function, an index; otherwise undefined.
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5.3.7 Workspaces

Note: The workspaceis the basic organisational unitin an APL system. A workspacecontains data,
programs, execution status, and environmental information.

— Workspace-Presence: An enumerated set containing absent and present.

Workspace: An object with the following attributes:

— Owner: A user-identification.

— Workspace-Name: A list of characters.

— Symbol-Table: A list of al symbolswhose names are distinct.
— State-Indicator: A list of contexts.

— Existential-Property: A member of the enumerated set wor kspace-presence.
Clear-Workspace: A workspace with the following values:

— Owner: this-owner.
— Workspace-Name: The clear-wor kspace-identifier.

— Symbol-Table: A list of al symbolswhose namesare distinct and whose referent-lists
each consist of thelist whose only member isnil.

— State-Indicator: Anempty list of contexts.

— Existential-Property: absent.
5.3.8 Sessions

Note: A user interacts with an APL system through a session, an abstraction that represents a
hypothetical machine capable of carrying out the evaluation sequencesin the standard.

— Session-ldentification: Either anumber or alist of characters, depending upon the
implementation-parameter session-identification-type.

— User-ldentification: Either a number or a list of characters, depending upon the
implementation-parameter user-identification-type.

34 APL Extended — DI'S 8485(1997)

1 May 1997 at 23:52



5.3. OBJECTS

— Keyboard-States: An enumerated set containing the members open-keyboard and
locked-keyboard.

Session: An object with the following attributes:

— Active-Workspace: A workspace.

— This-Session: A session-identification.

— ThisOwner: A user-identification.

— Attention-Flag: A member of the enumerated set Boolean.

— Keyboard-State: A member of the enumerated set keyboard-states.
— Current-Prompt: A character vector.

— Quote-Quad-Prompt: A character vector.

— Event-Time: A nonnegative-number.

— Event-Message: A character array giving, in an implementation-defined form, the
event-report and any other information the implementation deems helpful in locating
the error’s source.

— Event-Type: A two-element integer vector corresponding to the most recent event.
Defined values are;

0 0 — Noerror
0 1 — Undefined event

There may be additiona implementation-defined values as well as values supplied by
aprogarmvialEs.

— Current-Context: Thefirst-item in the state-indicator of the active-wor kspace.
— Current-Stack: The stack of the current-context.

— Symbol-Named-By T: The symbol inthe symbol-tableof the active-wor kspacewhose
name isthe same as the content of thetoken T.

— Current-Referent of 7: Thefirst-item in thereferent-list of the symbol-named-by T.
— Current-Class of T: The class of the current-referent of T.

— Current-Content of T: The content of the current-referent of T.

— Comparison-Tolerance: The current-content of OCT.

— Random-Link: The current-content of ORL.
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— Print-Precision: The current-content of OPP.
— Index-Origin: The current-content of 0I0.

— Latent-Expression: The current-content of 0L X.

System-Parameter: Any of comparison-tolerance, random-link, print-precision,
index-origin, or latent-expression.

The initial values of system-parameters in a clear-workspace are implementation-
defined.

5.3.9 Shared-Variables

Note: A shared-variableis a variable shared between two sessions.

Shared Variables are an optional-facility.

Shared-Variable: An object with the following attributes:

— Session-A: A session-identification.
— Session-A-Active: A Boolean.
— Session-A-ACV: A Boolean vector of length four.

Note: ACV stands for access control vector.

— Session-B: A session-identification.

— Session-B-Active: A Boolean.

— Session-B-ACV: A Boolean vector of length four.
— Shared-Name: Anidentifier.

— Shared-Value: A token, either a constant or nil.
— State: Aninteger, either zero, one, or two.

— Session-A-Event: A Boolean.

— Session-B-Event: A Boolean.

Note: The operationsin the chapter Shared Variablesusethe shar ed-variableattributesasfollows:

— Session-A: The session-identification of the first session to offer the shared-variable.
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— Session-A-Active: A Boolean; oneif session-A is currently sharing this shared-variable, zero
if not.
— Session-A-ACV: The contribution of session-A tothe Acv.

— Session-B: The session-identification of the session with which session-A offered to share the
shared-variable; this may be the gener al-offer while stateis one.

— Session-B-Active: ABoolean; oneif session-B is currently sharing this shared-variable, zeroiif
not.

— Session-B-ACV: The contribution of session-Btothe4cv.
— Shared-Name: Anidentifier, the name session-A designated for this shared-variable.
— Shared-Value: Atoken of class constant or nil; the current value of this shared-variable.

— State: Aninteger, either zero, one, or two, used in combination with the A ¢ v to determinewhich
operations must be delayed.

5310 Systems

Note: A system representsa set of active APL users, a library, and, optionally, a shared variable
facility.

System: An object with the following attributes:

— Library: A list of workspaces in which each combination of possible values for the
attributes owner and wor kspace-name occurs exactly once.

— Active-Users: A list of sessions.
— Shared-Variable-List: A list of shared-variables.

— Implementation-Parameters: The following quantities, referred to in this standard by
name, whose values are implementation-defined:

— Atomic-Vector: An implementation-defined character vector containing every
member of the required-character-set exactly once.

— Initial-Comparison-Tolerancee A member of the internal-value-set for
comparison-tolerance that is the value of comparison-tolerance in a clear-
wor kspace.

— Initial-Index-Origin: A member of the internal-value-set for index-origin that is
the value of index-origin in a clear-workspace.

— Initial-Latent-Expression: A member of the internal-value-set for latent-
expression that isthe value of latent-expression in aclear-workspace.

— Initial-Print-Precision: A member of theinternal-value-set for print-precision that
isthevalue of print-precision in a clear-workspace.

— Initial-Random-L ink: A member of the internal-value-set for random-link that is
the value of random-link in a clear-workspace.
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Initial-Event-M essage: The empty-event-message.

Reduction-Style: One of the two symbolics Enclose-Reduction-Style or Insert-
Reduction-Style, indicating which of the two styles of reduction the system uses.

Initial-Event-Type: The two-element integer vector (0,0).
Clear-Workspace-Identifier: A list of characters.

Positive-Number-Limit: The real-number greater-than all other real-numbers.
Negative-Number-Limit: The real-number less-than al other real-numbers.

Positive-Counting-Number-Limit: The counting-number greater than all other
counting-numbers.

Negative-Counting-Number-Limit: The counting-number less-than al other
counting-numbers.

Index-Limit: The index greater than all other indices. This value specifies the
maximum value of any item of the shapelist of any array, ignoring storage
limitations.

Count-Limit: An index not greater than index-limit that specifies the maximum
valuefor the count of an array, ignoring storage limitations.

Rank-Limit: Anindex not greater than count-limit that specifies the maximum value
for therank of any array, ignoring storage limitations.

Workspace-Name-L ength-Limit: A positive-counting-number that specifies the
maximum number of charactersin aworkspace-name.

Identifier-Length-Limit: A positive-counting-number not greater than count-limit
that specifies the maximum number of charactersin an identifier.

Quote-Quad-Output-Limit: A nonnegative-counting-number that specifies the
maximum number of characters that can be used in a prompt set by Quote Quad
Output.

Comparison-Tolerance-Limit: The largest real-number permitted by the
implementation for the system parameter comparison-tolerance.

Integer-Tolerance: A real-number not greater than comparison-tolerance-limit
used to determine whether a given number isto be considered integral .

Real-Tolerance: A nonnegative-number not greater than comparison-tolerance-
limit used to determine whether a given number isto be considered real.

Full-Print-Precision: The smallest positive-counting-number which, when used as
thevalue of print-precision, causes numeric-output-conver sion to produce aunique
numeric-scalar-literal for every number.

Print-Precision-Limit: The largest positive-counting-number permitted by the
implementation for the system parameter print-precision.

Note: Print-precision-limit must be at least full-print-precision if every unique number isto have
a unique decimal representation.

38

Exponent-Field-Width: A positive-counting-number giving the number of places,
including sign and trailing blanks, used for the exponent field in the result of dyadic
format.

APL Extended — DI 'S 8485(1997)

1 May 1997 at 23:52



5.4. EVALUATION SEQUENCES

— Session-ldentification-Type: A member of the enumerated set array-type, either
character or numeric.

— User-Identification-Type: A member of the enumerated set array-type, either
character or numeric.

— Indent-Prompt: A list of characters used to indicate to the user that the session is
inimmediate-execution mode.

— Quad-Prompt: A list of characters used to indicateto the user that the session isin
guad-input mode.

— Function-Definition-Prompt: A list of characters used to indicate to the user that
the session isin function-definition mode.

— Line-Limit: A positive-counting-number that specifies the maximum number of
lines permitted in a defined function, ignoring storage limitations.

— Definition-Line-Limit: A positive-number that specifies the maximum value of a
line number in function-definition mode.

— General-Offer: A reserved session-identification used to indicate that the offerer of
a shared-variable is willing to share the proffered variable with any other session.
This implementation-parameter is required only if the optional-facility shared-
variable-protocol is present.

Any action that would cause a limit specified by an implementation parameter to be
exceeded shall signa alimit-error.

5.4 Evaluation Sequences

The evaluation sequences that define APL operations in the remainder of this standard
are written in English in the imperative mood. The English phrases used in evaluation
sequences are restricted to the set specified in this subsection.

Indention is used in eva uation sequences to indicate scope, typically of the consequent of
an implication.

For example, in the evaluation sequence fragment below, the indented text is evaluated only if both
A and B arevectors; the“ otherwise” clauseis evaluated only if at least one of 4 or B isnot avector.

If A isavector and B isavector,
If 4 isempty and ...

Otherwise, return ...

Expressionsin APL are used in evaluation sequences. A given evaluation sequence uses
only APL operations that have been specified earlier in the standard. Where indices are
generated or used by APL expressions in evaluation sequences, they are evaluated with
originone. The APL relational operations are never used in evaluation sequences unless
they are qualified with the value to be used for comparison-tolerance.

APL Extended — DI S 8485(1997) 39

1 May 1997 at 23:52



5. DEFINITIONS
54.1 Evaluation Sequence Phrases

Note: The following phrases are used in evaluation sequences. They are not set in bold type nor
cross-referenced when employed in evaluation sequences.

— For all 4, ¢: An evaluation sequence phrase used to specify that the action or condition
specified by the consequent ¢ is to be performed or checked for every value in the
antecedent 4.

Example:

For all 7 intheindex-set of 4,
Set item I of theravel-list of 4 to zero.

— For form F, c:
— For pattern F, C:

An evaluation sequence phrase used to specify that the actions listed in the consequent
¢ areto be performed only if the pattern or form F isthe one that caused this eva uation
sequence to be selected.

Example:
Forform4 ¢B
If Bisascalar ...

Forform 4 eB
If ...

— If 4, ¢: An evaluation sequence phrase used to specify that the actions listed in the
consequent ¢ are to be performed only if the value of the antecedent 4 isone.

— If Tisan mc, ¢: For T atoken and mc a metaclass, an evaluation sequence phrase
equivdent to “If the class of T isinthe metaclassmc, ¢

— Let 4 stand for B: An evaluation sequence phrase used to indicate that the name 4 isto
be an abbreviation for the phrase B in subsequent eval uation sequence lines.

— Otherwise, ¢: An evaluation sequence phrase used to indicate that the actions listed in
consequent ¢ are to be performed only if the antecedent in theimmediately preceding if
phrase was zero. If aconsequent isan indented paragraph, theimmediately preceding if
statement isthe one at the same level of indention as the other wise phrase.

— Repeat: An evaluation sequence phrase used to indicate that the block of text indented
after therepeat isto beexecuted repeatedly until areturn or signal phraseisencountered.
The end of arepeated block is indicated by the parenthetic remark “(End of repeated
block).”
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— Return X: Anevaluation sequence phraseused to specify that eval uation of thiseval uation
sequence is to stop and that a token is to be returned to the caller of the evaluation
sequence. If X isatoken, then X isreturned; if X isan array, atoken of class constant
and content X isreturned.

— Set 4 to B: An evauation sequence phrase used to specify that the referent of 4 isto be
assigned thevalue B.

— Signal x: An eval uation sequence phrase used to specify that eval uation of thisevaluation
sequenceisto stop and that atoken whoseclassis X, wherex isanerror,isto bereturned.

— Using 0, ¢: An evauation sequence phrase used to indicate that the consequent ¢ isto
be evaluated against the specific object 0. This construct is used, for example, in the
description of shared variables to indicate which shared variable isto be changed.

— Wait until: An evaluation sequence phrase that indicates that the session is waiting for
a condition to hold before continuing.

54.2 Diagrams

Note: Diagrams are used in this standard to indicate permissible sequences of charactersor of
tokens.

— Character-Diagram: A graph that designatesasubset of theset of dl listsof characters.
— Token-Diagram: A graph that designates a subset of the set of all listsof tokens.

— Thread D with 4: An evaluation sequence phrase used to indicate that a search is to
be made for a route through the diagram D that corresponds to the list or part of alist
A. A character-diagram isthreaded with alist of characters by setting a list-cursor
to thefirst item in thelist, and a diagram-cursor to the arrow-tail =——, in the diagram,
then progressing along paths in the diagram to the arrow-head —-. At ajunction, the
diagram-cursor may enter theaternate path only if it can do so by making an acute-angle
turn fromitscurrent direction. It may not back up into the aternate path.

For thediagram-cursor to advance along a path labelled with agraphic symbol such as <,
that graphic symbol must be pointed to by the list-cursor, which then also advances. For
the diagram-cursor to advance along a path labelled with a diagram name, that diagram
must itself be threaded, using the same list-cursor and a new diagram-cursor. If in either
case the diagram-cursor cannot advance, the diagram-cursor is set back to the previous
junction, the list-cursor is set back correspondingly, and a new path is tried; or if the
diagram-cursor is now at the arrow-tail, the diagram cannot be threaded with thelist.

If arouteisfound through a diagram for a given list of characters, it is unique. In
this case, the diagram can be rethreaded, following the same route without entering
blind aleys. For example, characters are collected into identifier tokensthrough actions
performed while a character-diagram isbeing rethreaded.
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Token-diagrams are threaded exactly like character-diagrams, except that the items
pointed to by the list-cursor are tokens and are matched either by their class or by both
their class and their content.

— Rethread D with 4: An evaluation sequence phrase used to indicate that the routefound
by apreviousthreaded phraseisto be threaded again, in order to effect certain actions
through when phrases.

— When 4, ¢: An evaluation sequence phrase used during arethread phrase to indicate
that when the antecedent A istrue, the consequent ¢ isto be performed.

— A Matches D: Anoperation that, for diagram D and list 4, istrueif A isamember of the
set of listsdesignated by D, and fal se otherwise.

A list matches a diagram if it can be threaded in such a way that there are no items
remaining in thelist when thefina exit path istaken.

Note: The question of whether a list matches a diagramis different from the question of whether a
list can thread a diagram, since there will normally be items left over in a list once a diagram has
been threaded—in collecting the digits in a number, for example, the digit diagram removes only
onedigit at atime froma list of characters.

55 Other Terms

— Side-effect: Any effect an operation has other than returning a result.

— Atomic: The property of an operation with side-effects to produce its side-effects only
if it completes without error.

Note: For example, the specification of items 3, 4, and 5 of 4 in the APL line
B <A[3 4 5] <2

is a side effect, since the result placed in B is the scalar 2; further, since indexed assignment is
specified to be atomic, no changeto 4 will occur if the indexed assignment fails with, for example,
an index error.
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Syntax and Evaluation

6.1 Introduction

Note: This chapter specifiesthe rules for evaluating lines. These rules are used by the subsections
execute, quad input, immediate-execution, and defined-function-control.

The rules are described in three subsections, evaluate-line, evaluate-statement, and reduce-
statement.

The data structures and procedures used to describe syntax and evaluation in this standard
are strictly expository devices; they are not intended to represent required or desirable
implementationtechniques. The order of reporting errorsimplied by the diagram-matching
actionsin the model is not required.

6.1.1 Evaluate-Line

Form: Evaluate-Line

Informal Description: Evaluate-lineisthe principal procedurein the evaluation of APL
lines. It decomposes the list of characters named current-line into lexical-units
according to the character-diagram named line,

Some diagrams referred to in line have their exit paths flagged with asterisks. Once the
diagram line has been threaded, the rethreading pass is used to gather certain character
sequences (diagrams ending in two asterisks), and either create tokens (diagrams ending
in one asterisk) or discard the character sequences gathered (diagrams ending in three
asterisks).

Evaluate-linecalls evaluate-statement to convert the lexical-unitsinto aresult.
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Note that the result can be a constant (from, for example, 2+2), committed-value
(from A<1), nil (¢ ' '), branch (e'+3"), escape (=), unwind (=), error (2-), clear-
state-indicator (from ) SI1¢) or interrupt (from signal-interrupt).

Note: The handling of these result classes by the different callers of evaluate-line specifies the
treatment of exceptions, and should be analysed carefully.

Evaluate-lineis caled from eval uation sequences in the subsections defined-function-
control, execute, execute-alternate, immediate-execution, and quad-input. If the
optional-facility statement-separator-facility isimplemented, evaluate-line evaluates
successive statements in current-line beginning with the leftmost statement and
continuing until evaluation produces an exception or the rightmost statement has been
evaluated.

Evaluation Sequence:

Set ¢ totheempty-list of characters.

Set current-statement to the empty-list of tokens.

Thread line with current-line; if current-line does not match line, signa syntax-
error.

Rethread line with current-line, taking the following actions:

When acharacter-diagram endingin‘-*** " isrecognised, set ¢ totheempty-list
of characters.
When acharacter-diagram endingin‘—**—" isrecognised, append to ¢ asanew
last item the character just passed.
When a character-diagram endingin ‘—*—' is recognised,
Append to current-statement as anew last item atoken with class given by the
name of the character-diagram and with content c.
Set ¢ tothe empty-list of characters.
When the optional-facility statement-separ ator-facility is implemented and the
character-diagram statement-separator is recognised,
Set 7 to evaluate-statement.
If Z isan exception, return Z.
If Z isaconstant, display Z.
Set current-statement to the empty-list of tokens.
Set ¢ tothe empty-list of characters.
When the character-diagram line is matched,
Set 7 to evaluate-statement.
Return Z.

6.1.2 Character-Diagrams

The diagrams in this subsection are character-diagrams. the APL Graphic Symbols
such as v in these character-diagrams match corresponding characters in the required-
character-set.
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»—diamond —»

L etter

Digit
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Ideogram

|

Quote

—_ =%

Exponent-marker

p—F %%

Complex-marker

—_—J — %%

Dot

— —
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Underbar
—_ %
Overbar
—_ %
Blank

—_ %
D€l

— —F*
Del-tilde
[N "
Lamp

p——n —F*
Quad

[ e
Quote-quad
—[ —**
Diamond

—_ — %%
Example

The example introduced in this subsection is continued through the syntax analysis portion of this
standard.

After evaluate-line has processed the current-line
ABC<«FN 0¢[1+0] DEF[1;5 61x3.45E4,p'ABC' aCOMMENT
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current-statement looks like this:

| dentification Content Class

To1 "ABC! simple-identifier
T02 T4t primitive

T03 'FN! simple-identifier
Tou g distinguished-identifier
TO5 o primitive

To6 TL primitive

T07 T numeric-literal
To8 T primitive

T09 1o numeric-literal
T10 1] primitive

T11 'DEF" simple-identifier
T12 TL primitive

T13 T numeric-literal
Tiy Ty primitive

T15 '5 6" numeric-literal
T16 1] primitive

T17 I primitive

T18 13.u45Ey ! numeric-literal
T19 r primitive

T20 Tp! primitive

T21 "TABC'! character-literal

Eachtoken hasacontent, whichisalist of characters,and aclass, whichisin the metaclasslexical-
unit. Thetokens produced are numbered To 1 to T2 1 for later reference. Note that comments and
blanks between tokens are discarded during this tokenisation process.

Note: As the diagram line shows, identifiers and numeric literals are separated by one or more

spaces, character-literals, or primitives. 1 ABC'A4" isaline, 14BC' A" isnot. No such separation
rule applies to primitive function symbols. 10 ' 4B isaline.

The sequence 3+ . 4 is parsed numeric-literal, primitive, numeric-literal but the sequence 3+ . x
is parsed numeric-literal, primitive, primitive, primitive.

A comment may appear at the end of aline or aloneon aline.
The statement-separator-facility is an optional-facility.

Parsing an identifier token signals a limit-error if the number-of-items in the list of
charactersisgreater than identifier-length-limit.

6.1.3 Evaluate-Statement

Evaluate-Statement

Informal Description: Evaluate-statement isperformed on current-statement, alist of
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tokens found in the current-context.

It uses bind-token-classto convert identifier s to classified-names and constants.

It usesliteral-conversion to convert literalsto constants.

It uses the token-diagram named statement to verify that the statement is properly
formed and to resolve certain ambiguoustokens. For example, thetoken containing
] isresolved to either right-axis-bracket or right-index-bracket.

It calls the evaluation sequence in the subsection reduce-statement to convert the
current-statement to aresult, whichit returnstoitscaler.

Evaluate-statement is called by evaluate-line.
Evaluation Sequence:

For every index T intheindex-set of current-statement,
Let 7 stand for item I of current-statement.
If T isanidentifier, set @ to bind-token-classof T
If T isaliteral, set @ to theliteral-conversion of T.
If T isaprimitive, setQtoT.
If @ isan exception, return q.
Otherwise, set 710 Q.
Thread statement with current-statement; if statement cannot be matched, signal
syntax-error.
Rethread statement with current-statement, taking the following action:
When any token-diagram ending in ‘—* " isthreaded,

Replace the token in current-statement that matched the diagram with atoken
having the same content, but having a class given by the name of the token-
diagram.

Append to current-statement as anew first item aleft-end-of-statement token.

Append to current-statement as anew last item aright-end-of-statement token.

Set Z to reduce-statement.

If mode is defined-function and current-line-number is in current-trace-vector,
Set 7 totrace-display of Z.

Return Z.

Additional Requirement:

This standard permits two orders of evaluation for expressions in brackets, as follows:

The syntax evaluator used here distinguishes axis brackets from index brackets in order
to classify a function immediately to the right as monadic or dyadic. For example, the
evaluation of ¢ [pX]+ X is specified to proceed by first calling monadic plus, then
evaluating monadic rho.

The permitted alternative is to evaluate any expression in brackets before determining
whether a function immediately to the right is monadic or dyadic. In the example given,
this alternative behaviour would eval uate monadic rho before discovering that plusis used
monadically.
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Note: The distinction can be observed only through side effects.

6.1.4 Bind-Token-Class

Bind-Token-Classof T

Informal Description: Bind-token-class is used to bind each identifier in current-
statement to its current syntactic-unit; if the class of a token changes between this
point and the time the token is used (asit would for examplein 7 OEX'F', assuming
F were initially a defined-function), the change will be detected and reported as a
syntax-error inthe appropriate phrase-evaluator.

This prebinding limits the standard to defining the meaning of statements only when
the syntax class of their tokens does not change in mid-statement. Conforming-
implementationsmay, of course, relax these rules. Confor ming-programs must abide
by them.

Evaluation Sequence:

Let f stand for the content of T.
If T isasimple-identifier,
If thecurrent-classof T is
defined-monadic-operator, return atoken of class defined-monadic-operator-
name and content f.
defined-dyadic-operator, return atoken of class defined-dyadic-operator-name
and content f.
defined-function, return atoken of class defined-function-name and content f.
niladic-defined-function, return atoken of class niladic-defined-function-name
and content f.
nil or variable, return atoken of classvariable-nameand content f.
shared-variable, return atoken of class shared-variable-name and content f.
labdl, return atoken of class constant and content the current-content of 7.

Note: Other cases cannot occur.
If T isadistinguished-identifier,

If bothforms z «f and z «<f <B occur in the form-table, return atoken of class
system-variable-nameand content f.

If theform z «f occursin the form-table, but theform

7z «f <B does not, return a token of class niladic-system-function-name and

content f.

If either form z «f BorformZ <A f B occursintheform-table, return atoken
of class system-function-name with content f.

Otherwise, signal syntax-error.
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6.1.5 Literal-Conversion

Literal-Conversion of T.

Informal Description: Literal-conversion converts T, atoken of classliteral, to atoken
of class constant. The content of such atoken isconverted fromalist of charactersto
an array.

Evaluation Sequence:

If 7 isacharacter-literal, generate Z, a character vector such that the rave-list
of Z isthe content of T with theinitid and fina quotes removed, and each pair of
adjacent quotesin T replaced by a single quote.

If T isanumeric-literal, generate Z, a numeric vector such that the ravel-list of
Z isalist of numbers, each of which is obtained by calling the implementation-
algorithm numeric-input-conver sion for the corresponding numeric-scalar-literal
inthe numeric-literal.

If thelength of Z isgreater-than one, return z.

Otherwise, return first-scalar in z.

Note: A quote character is represented in a character-literal by two adjacent quote characters.
A single character between quotes is a scalar. All other cases are character vector literals. For
example, the character literal ' ' is the empty character vector literal and the character literal
1111 jsthe character scalar “ quote” .

A numeric literal containing a single number is a scalar. A numeric literal containing two or more
numbersis a vector.

6.1.6 Statement-AnalysisToken-Diagrams

Peths containing ideograms such as e in these token-diagramsmatch tokenswhose class
isprimitiveand whose content istheideogram. Paths containing theword token, such as
shared-variable-nametoken in operand, match tokens with the given class.

Statement
L branch-arrow —JL expression J
Expression
operand
oper ation —]
operation ———
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Operation

assignment >

defined-function-name-token
system-function-name-token

derived-function

Assignment

variable-name-token assignment-arrow ——»-
system-variable-name-token L index J

shared-variable-name-token

Derived-Function

A

small-circle dot primitive-function ————»

L primitive—functionJ
N primitive-function
L axis-monadic-oper ator JL axis-specification J
j function j— dyadic-operator-name-token T function T
operand operand
T function T monadic-oper ator-name-token ————~
operand

Axis-Specification

A

»— left-axis-bracket — expression — right-axis-bracket ——»
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Operand

»——- |eft-parenthesis — expression — right-parenthesis — >
L index J

N constant-token 41

MN—r— variable-name-token —8 ——
M——— shared-variable-name-token — —
M—— system-variable-name-token ———

M—— niladic-system-function-name-token ——

\— niladic-defined-function-name-token ———

I ndex

»—— left-index-bracket right-index-bracket ——
LL expression —U

index-separator

Primitive-Function

) RARARARRRAA [
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Function

primitive-function e
derived-function

defined-function-name-token

Wﬂ

system-function-name-token

Dyadic-Operator

primitive-dyadic-operator *
defined-dyadic-operator-name-token j
Monadic-Operator

primitive-monadic-operator *
defined-monadic-oper ator-name-token j

Axis-M onadic-Operator

1

1

Primitive-M onadic-Operator
ams—monadic-operati]—
diaeresis-tilde

Primitive-Dyadic-Operator

*

¥

»——diaeresisjot —*—»

Diaeresis-Jot

° *

T

-
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Diaeresis-Tilde

—

L eft-Parenthesis
—( —*>
Right-Parenthesis
—_—) — >

L eft-Axis-Bracket
—_[ —*
Right-Axis-Bracket
—_

Branch-Arrow

L e

Assignment-Arrow

—_—

L eft-Index-Bracket
—_— —F
Right-Index-Bracket
—_—]

I ndex-Separ ator

—_— —
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Small-Circle
— *
Example

From the list of charactersin current-line,
ABC<FN 0¢[1+0] DEF[1;5 61x3.45E4,p'ABC' aCOMMENT

evaluate-line generated a list of tokens and stored it in current-statement. Here, evaluate-
statement has replaced that list with anew list of tokens.

| dentification Content Class

T00 left-end-of -statement
To1 "ABC! variable-name

To2 assignment-arrow
To3 "FN! defined-function-name
Tou g system-variable-name
TO5 o primitive-function
To6 left-axis-bracket

T07 1 constant

To8 T primitive-function
T09 0 constant

T10 right-axis-bracket
T11 'DEF"! variable-name

T12 left-index-bracket
T13 1 constant

Tiy index-separator

T15 56 constant

T16 right-index-bracket
T17 I primitive-function
T18 34500 constant

T19 r primitive-function
T20 Tp! primitive-function
T21 "ABC! constant

T22 right-end-of-statement

The new list, shown above, begins with a left-end-of-statement token and ends with a right-end-
of-statement token. OId identifier tokens have a new class and the same content; old literal
tokens are now constants whose content is an appropriate array; old primitive tokens are now
either primitive-functions whose content is the char acter identifying the primitive function, or are
grouping signs such asright-axis-bracket with no specified content.

6.2 Reduce-Statement

Reduce-Statement
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Informal Description: Reduce-statement converts current-statement, a list of
syntactic-units, to aresult by decomposing it into shorter listsof syntactic-unitscalled
phrases, then calling procedurestermed phrase-evaluator sto convert these phrasesinto
tokens.

The letters Z, &, and J in this eval uation sequence refer to the graphic symbolsfound in
the resultant-prefix column of Table 3.

Evaluation Sequence:

Set current-stack to the empty-list of tokens.
Repeat:
Find thefirst entry in the phrase-tablewhose pattern matches a prefix of current-
stack.
If there is no matching entry,
If current-statement isempty, signal syntax-error.
Otherwise,
Remove the last token from current-statement.
Append it to current-stack asanew first item.
If there isa matching entry,
Let p stand for the prefix of the current-stack that matched the entry.
Let r stand for the resultant-prefix of the entry.
Let sstand for the phrase-evaluator of the entry.
Cdll sand set y to thetoken it returns.
If sisprocess-end-of-statement, returny.
If y isan exception, returny.
Otherwise, replacep withr inwhichy hasbeen substitutedfor z, k¥ or 7 according
towhether y isaresult, acomplete-index-list or apartial-index-list.
(End of repeated bl ock)

The graphic symbolsin the Pattern and Resultant-Prefix columns of Table 3 designate
listsof syntactic-units. Each graphic symbol matches tokens of the designated classes or
metacl asses.

Note: The graphic symbols employed are chosen to be suggestive of the list of char acter sthat give
riseto such phrases.

Thebuild-index-list entriesare called with 3 bound to a valueand 1 boundto a partial-index-list;
theyreturneither another partial-index-list () or acomplete-index-list (x). Bracketsarenot passed
as argumentsor returned by build-index-list; they are preserved by reduce-statement to make the
patterns more obvious.

Example

This example s continued from evaluate-statement.
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Theline being evaluated is
ABC+ FNO¢ [1+0]1DEF [1;567] x34500 ,p 'ABC'

L S S N N S ST ST N NP S A A4 o4
T TT TTTTTTTT TTTT TTT TTT
0 00 00000011 1111 111 122
1 23 45678901 2345 678 901

T00 isleft-end-of-statement, and 722 isright-end-of-statement.

Thetokens Too through 722 initially form the columns of Figure 1. The rows of the figure show
the actions taken because of the pattern or lack of pattern in current-stack.

Consider step 5: thelinefragment , o ' ABC' matchesthephrasex 7 B asfollows: X matchestoken
T19 because , isaprimitive-function. 7 matchestoken 720 because o is aprimitive-function.
B matches token 721 because 4BC is a constant. Token 722, right-end-of-statement, is not
considered becausethe pattern ¥ 7 B isconcerned with only thefirst threetokensin current-stack.

The phrase-evaluator associated with X F B is evaluate-monadic-function. This phrase-
evaluator, seeing that o is a primitive function, searches the form-table for z «pB, and calls
the corresponding evaluation sequence, shape. Shape returns a constant, the one-element-vector
containing three.

This becomes z in the resultant-prefix column for x 7 B. Current-stack now holdsthree tokens:
(primitive-function; ,), (constant; , 3) and (right-end-of-statement;). Since no entry in the
phrase-table has an entry whose pattern matches a prefix of current-stack, the token 718
(constant; 3u500) isaddedto current-stack. A prefix of current-stack now matches a pattern (4
F B matches (constant; 3u500), (primitive-function; ,), (constant; , 3)), so the corresponding
phrase-evaluator (evaluate-dyadic-function) is called.
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Phrase Evaluator Resultant-Prefix

Remove-Parentheses Z
Evaluate-Niladic-Function Z

Pattern
( B)

=

Evaluate-M onadic-Function
] B Evaluate-M onadic-Function
Evaluate-M onadic-Oper ator
Evaluate-M onadic-Oper ator
Evaluate-M onadic-Oper ator
Evaluate-M onadic-Oper ator

[am I vAN e B v VI
Q
-
[ss}

N NN NNDN

X
X

X

X

X

X
Evaluate-Dyadic-Function z
Evaluate-Dyadic-Function zZ
Evaluate-Dyadic-Oper ator z
Evaluate-Dyadic-Oper ator z
b4

z

z

b4

z

J

J

J

C

C

Q
oy L
(9]

DO ® R RR XXM @
Q

o My M Y N N N NN
Q
[ss}

o]
9]
[s+]

Evaluate-Dyadic-Oper ator

Evaluate-l ndexed-Reference
] «B Evaluate-Indexed-Assignment
B Evaluate-Assignment
Evaluate-Variable

Build-I ndex-List
Build-Index-List
Build-Index-List
Build-Index-List
Build-I ndex-List
Process-End-of-Statement -
Process-End-of-Statement -
+B R Process-End-of-Statement -
>R Process-End-of-Statement -

[ R M N - T N T A
M

Wy W W
~ ~

NN SN /e
=

L egend:
4,B,Z matchresult.
D matches dyadic-oper ator.

F, G match defined-function-name,
primitive-function, or
system-function-name.

I, J match partial-index-list.
¢, K match complete-index-list.
L matches|eft-end-of-statement.

X matches assignment-arrow,
branch-arrow, defined-function-name,
index-separ ator, left-axis-bracket,
left-end-of-statement, left-index-bracket,
left-parenthesis, primitive-function,
system-function-name, or
right-axis-bracket.

( matchesleft-parenthesis.

) matchesright-parenthesis.

M matches monadic-oper ator .

N matches niladic-defined-function-name or
niladic-system-function-name.

R matchesright-end-of-statement.

v matchesvariable-name,
system-variable-name, or
shared-variable-name.

[ matchesleft-axis-bracket or
left-index-bracket.

] matchesright-axis-bracket or
right-index-bracket.

o matches small-circle.

; matchesindex-separ ator .

« matches assignment-arrow.
-~ matches branch-arrow.

Table 3: The Phrase Table.
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1 GET NEXT TOKEN T22 @)
2 GET NEXT TOKEN T21 (R)
3 GET NEXT TOKEN T20 (B R)
4 GET NEXT TOKEN T19 (F B R)
5 EVALUATE MONADIC FUNCTION (<X F B>R)
6 GET NEXT TOKEN T1is8 (<X Z> R)
7 EVALUATE DYADIC FUNCTION (<A F B> R)
8 GET NEXT TOKEN T17 (Z R)
9 GET NEXT TOKEN Ti6 (F B R)
10 BUILD INDEX LIST (<]> F B R)
11 GET NEXT TOKEN T15 (J ] F B R)
12 GET NEXT TOKEN Tiu (BI ]l FB R)
13 BUILD INDEX LIST (<; B I>] FB R)
14 GET NEXT TOKEN T13 (J ] FB R)
15 GET NEXT TOKEN T12 (B I ] FB R)
16 BUILD INDEX LIST (<[ B I> ] FB R)
17 GET NEXT TOKEN Ti1 (L K ] F B R)
18 EVALUATE VARIABLE (<V>[ K ] F B R)
19 EVALUATE INDEXED REFERENCE (<A [ K ]> F B R)
20 EVALUATE DYADIC FUNCTION (<A F B> R)
21 GET NEXT TOKEN T10 (Z R)
22 BUILD INDEX LIST (<]1>B R)
23 GET NEXT TOKEN T09 (I 1B R)
24 GET NEXT TOKEN To08 (BI 1B R)
25 GET NEXT TOKEN TO07 (FBIJB R)
26 EVALUATE DYADIC (<A F B>I 1B FUNCTION R)
27 GET NEXT (Z I1B TOKEN TO06 R)
28 BUILD INDEX (<[ B I>] B LIST R)
29 GET NEXT (L ¢ ] B TOKEN TO5 R)
30 GET NEXT (F[C ] B TOKEN TOou R)
31 EVALUATE (<V>F [ C ] B VARIABLE R)
32 EVALUATE (<A FILC ] B> DYADIC FUNCTION R)
33 GET NEXT (2 TOKEN T03 R)
3y (F B GET NEXT TOKEN T02 R)
35 (<X F B> EVALUATE MONADIC FUNCTION R)
36 (X 2 GET NEXT TOKEN TO1 R)
37 (<V <« B> EVALUATE ASSIGNMENT R)
38 (2 GET NEXT TOKEN TO0O R)
39 = (<L B END OF STATEMENT R>)
Figure 1: Statement Evaluation.
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6.3 ThePhrase Evaluators

Informal Description: Each phrase-evaluator takes a phrase and reduces it to asingle
token. The form-table used by the phrase-evaluatorsisgiven as Table 4.

6.3.1 Diagrams

Primitive-M onadic-Scalar-Function

SRARARARARR
ox[|L]e!

+ - x+~

Primitive-Dyadic-Scalar-Function

Y

6.3.2 Remove-Parentheses

Pattern ( B )
Evaluation Sequence:

If Bisnil, signa value-error.
If Bisabranch, signa value-error.
Otherwise, return B.

Note: (¢'') and (¢'~3") fail withavalue-error. (4<3) and («'4<«3"') do notdisplay, since
the token returned by remove-parenthesesis a committed-value, not a constant; for the same

reason, (0+3) displays the value three only once. (~3) fails with a syntax-error in evaluate-
statement.

(-) also fails in evaluate-statement, but (¢'~') succeeds, evaluate-statement threads line
successfully, and remove-par enthesesreceivesand returns an escapetoken.

6.3.3 Evaluate-Niladic-Function

Pattern v
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Evaluation Sequence:

Let n stand for the content of v.
If ¥ isaniladic-defined-function-name,
If the current-class of ¥ isniladic-defined-function,
Search theform-tablefor Z <DFN.
Call the corresponding eval uation seguence, passing n asthevaue of DFN.
Return thetoken it returns.
Otherwise, signal syntax-error.
If v isaniladic-system-function-name,
Search theform-tablefor Z <n.
If itisnot found, signal syntax-error.
Otherwise, cal the corresponding eval uation sequence.
Return the token it returns.

Note: This phrase evaluator checksfor a changein syntax class.

6.3.4 Evaluate-Monadic-Function

Paternx 7 B
Patternx F[C] B
Evaluation Sequence:

If Bisnot avalue, signa value-error.
Let f stand for the content of 7.
For pattern X F B
If 7 isadefined-function-name,
If the current-class of F isdefined-function,
Search theform-tablefor z «<DFN B.
Cadll the corresponding eval uation sequence, passing f asthevaue of DFN.
Return the token it returns.
Otherwise, signa syntax-error.
If F isaprimitive-function or a system-function-name,
If 7 matches primitive-monadic-scalar-function and B isnot ascalar, perform
monadic-scalar-extension as follows:
Return anumeric array z such that the shape-list of zZ isthe shape-list of B
and for al T intheindex-set of theravel-list of Z, item I of theravel-list of
z isf (item T of therave-list of B).
Otherwise,
Search theform-tablefor Z «f B.
If it isnot found, signal valence-error.
Otherwise, cal the corresponding eval uation sequence.
Return the token it returns.
For patternx F[C] B
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If 7 isnot aprimitive-function, signa syntax-error.

If index-origin isnil, signa implicit-error.

Let ¢1 stand for thefirst-item in theindex-list C.

If ¢1 isnot ascalar or one-element-vector, signa axis-error.

If any item of theravel-list of 1 isnot anumber, signal axis-error.

Set K to ¢1 plus(one minusindex-origin).

Search theform-tablefor z <f(k] B.

If itisnot found, signal syntax-error.

Otherwise, call the corresponding evaluation sequence and return the token it
returns.

Additional Requirement:

Theorder inwhichtheindividual itemsof zZ areproduced during monadic-scalar-extension
is not specified by this standard.

If any call of f signalsan error during monadic-scalar-extension, that error is returned as
the result of evaluate-monadic-function.

Note: This phrase evaluator checksfor a changein syntax class.

6.3.5 Evaluate-Monadic-Operator

Pattern X 7 M B
Pattern 4 7 M B
Patternx F M[C] B
PatternA F M[C] B
Evaluation Sequence:

If Bisnot avalue, signa value-error.
Let m stand for the content of M.
Let f stand for the content of 7.
For pattern X F M B
If M isaprimitive-monadic-operator
Search theform-tablefor z<f m B
If itisnot found, signal syntax-error.
Otherwise, call the corresponding eval uation sequence, passing token F as the
vaueof f.
Return thetoken it returns.
Otherwise,
Search theform-tablefor z«<f DFN B.
If itisnot found, signal syntax-error.
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Otherwise, call the corresponding evaluation sequence, passing token F as the
value of f and thetoken DF N asthe vaue of m.
Return thetoken it returns.
For pattern 4 F M B
If 4 isnotavalue, signa value-error.
If m isaprimitive-monadic-operator
Search theform-tablefor z<4 f m B.
If itisnot found, signal syntax-error.
Call the corresponding eval uation sequence, passing token F as the vaue of f.
Return thetoken it returns.
Otherwise,
Search theform-tablefor z<A F DFN B.
If itisnot found, signal syntax-error.
Cadll the corresponding evaluation sequence, passing token F as the value of f
and thetoken DF N as the vaue of m.
Return thetoken it returns.
For pattern X 7 M[C] BOrA F M[C] B
If ¥ isnot an axis-operator, signa syntax-error
If 7 isnot aprimitive-function, signa syntax-error.
If index-origin isnil, signa implicit-error.
Let ¢1 stand for thefirst-item in theindex-list C.
If ¢1 isnot ascalar or one-element-vector, signa axis-error.
If any item of theravel-list of 1 isnot anumber, signal axis-error.
Set K to ¢1 plus(one minusindex-origin).
For pattern X F M[C] B
Search theform-tablefor z «<f m[kx] B.
If itisnot found, signal syntax-error.
Otherwise, call the corresponding eval uation sequence, passing token F asthe
vaueof f.
Return the token it returns.
For pattern 4 F M[C] B
If 4 isnotavalue, signa value-error
Search theform-tablefor Zz <« 4 fm[x] B.
If itisnot found, signal syntax-error.
Otherwise, call the corresponding eval uation sequence, passing token F asthe
vaueof f.
Return the token it returns.

6.3.6 Evaluate-Dyadic-Function

Pattern A F B

Pattern A F[C] B

Evaluation Sequence:
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If 4 isnot avalue, signa value-error.
If Bisnot avalue, signa value-error.
Let f stand for the content of 7.
For pattern A F B
If 7 isadefined-function-name,
If the current-class of F isdefined-function,
Search theform-tablefor Z <4 DFN B.
Cadll the corresponding eval uation sequence, passing f asthevaue of DFN.
Return the token it returns.
Otherwise, signal syntax-error.
If F isaprimitive-function or a system-function-name,
If 7 matches primitive-dyadic-scalar-functionand 4 and B arenot both scalar s,
perform dyadic-scalar-extension as follows:
If therank of 4 differsfrom therank of B,
If 4 is a scalar or one-element-vector and B is not a scalar, return
((pB)pA) f B.
If Bisascalar or one-element-vector, return 4 f (p4)pB.
Otherwise, signa rank-error.
If the shape-list of 4 differsfrom the shape-list of B, signal length-error.
Return Z, an array such that the shape-list of Z isthe same as the shape-list
of 4, thetype of Z isnumeric, and theravel-list of Z issuch that, for al 1
intheindex-set of theravel-list of Z, item I of theravel-list of Z is(item T
of therave-list of 4) f (item I of therave-list of B).
Otherwise, search theform-tablefor z «4fB.
If itisnot found, signal valence-error.
Cadll the corresponding eval uation sequence and return the token it returns.
For pattern 4 F[C] B
If F isnot aprimitive-function, signa syntax-error.
If index-origin isnil, signa implicit-error.
Let ¢1 stand for thefirst-item in theindex-list C.
If ¢1 isnot ascalar or one-element-vector, signa axis-error.
If any item of theravel-list of 1 isnot anumber, signal axis-error.
Set K to 1 plus(one minusindex-origin).
Search theform-tablefor z <4 f[(k] B.
If itisnot found, signal syntax-error.
Otherwise, call the corresponding eval uation sequence, passing token F asthevalue
of f.
Return the token it returns.

Additional Requirement:

There is an intentional forward reference to shape and reshape in the description of
dyadic-scalar-extension.

The order inwhich theindividual items of Z are produced during dyadic-scalar-extension
is not specified by this standard.
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If any call of f signalsan error during dyadic-scalar-extension, that error isreturned asthe
result of evaluate-dyadic-function.

Note: Dyadic-scalar-extension is intentionally stricter than it is in existing systems. For example,
(1 1p1)+13 signalsarank-errorand1 2 + , 1 signalsalength-error.

This phraseevaluator checksfor a changein syntax class.

An ambivalent function must be called either monadically or dyadically; hence, during syntax analysis
and execution of a line, thereis never a referenceto an ambivalent function as any given instanceis
either monadic or dyadic.

6.3.7 Evaluate-Dyadic-Operator

PatternX 7 D G B
Pattern 4 7 D G B
Pattern4 o D G B
Evaluation Sequence:

If Bisnot avalue, signa value-error.
Let d stand for the content of D.
Let f stand for the content of 7.
Let g stand for the content of G.
For pattern X F D G B
If D isaprimitive-dyadic-operator
Search theform-tablefor z <fd g B.
If itisnot found, signal syntax-error.
If itisfound, call the corresponding eva uation sequence, passing token f asthe
value of F and token g asthevaueof G.
Return thetoken it returns.
Otherwise,
Search theform-tablefor z <f DFNV g B.
If itisnot found, signal syntax-error.
If itisfound, call the corresponding eva uation sequence, passing token f asthe
valueof F, token g asthevalue of G, and token DF N as the value of d.
Return thetoken it returns.
For pattern A F D G B
If 4 isnotavalue, signa value-error.
If d isaprimitive-dyadic-operator,
Search theform-tablefor z <4 fd gB.
If itisnot found, signal syntax-error.
If itisfound, call the corresponding eval uation sequence, passing token f asthe
value of F and token g asthevaueof .
Returnthetoken it returns.
Otherwise,
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Search theform-tablefor z <4 f DFN g B.
If itisnot found, signal syntax-error.
If itisfound, call the corresponding eval uation sequence, passing token f asthe
value of F and token g asthevaue of ¢, and token DF N as the vaue of d.
Return thetoken it returns.
For pattern 4 o D G B
If D isnot dot, signal syntax-error.
Otherwise,
Search theform-tableforz <4 - dgB.
If itisnot found, signal syntax-error.
If itisfound, call the corresponding eval uation sequence, passing token g asthe
vaueof G.
Return thetoken it returns.

6.3.8 Evaluate-Indexed-Reference

Pattern A [ K]
Evaluation Sequence:

If 4 isnot avalue, signa value-error.
If index-originisnil, signal implicit-error.
If the number-of-itemsin the index-list x differs from the rank of 4, signal rank-
error.
If therank of 4 isgreater-than one,
Search theform-tablefor z <4 [1].
Cadll the corresponding eval uation sequence, passing k¥ asthevalueof TI.
Return the token it returns.
Otherwise,
If first-item in X isan elided-index-marker, return 4.
Otherwise,
Set x tofirst-item intheindex-list «.
If any item of theravel-list of X isnot anear-integer, signal domain-error.
Generate X1, anumeric array with the shape-list of X such that each item of
theravel-list of X1 is(oneminusindex-origin) plustheinteger-nearest-to X.
If any item of theravel-list of X 1 isnotintheindex-set of 4, signal index-error.
Return Z, an array with the shape-list of x 1, such that for each integer I inthe
index-set of z, item I of theravd-list of Z isitem J of the ravel-list of 4,
where J isitem I of theravel-list of X1. Thetypeof Z isthe sufficient-type
of theravel-list of Z under thetypeof 4.

Note: Sinceanindex-list will never have zeroitems, indexing will always signal a rank-error when
argument 4 isa scalar.
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6.3.9 Evaluate-Assignment

Pattern v < B
Evaluation Sequence:

If Bisnot avalue, signa value-error.
If v isashared-variable-name,
If the current-class of vV isshared-variable,
Search theform-tablefor z <SHV <B.
Call the corresponding eval uation sequence, passingtoken v asthevalueof s#V.
Return thetoken it returns.
Otherwise, signal syntax-error.
If Visasystem-variable-name,
Search theform-tablefor Z < q <B, where g isthe content of V.
If itisnot found, signal syntax-error.
Otherwise,
Call the corresponding eval uation sequence
Return thetoken it returns.
If visavariable-name,
If the current-class of v isnil or variable,
Set the current-referent of v to a token whose class is variable and whose
content isthe content of B.
Return atoken whose classis committed-valueand whose content is B.
Otherwise, signal syntax-error.

Note: The phrase ABC«e'>3' yields value-error. The phrase V<OSVR 'V' where V was a
shared-variableyields syntax-error.

6.3.10 Evaluate-Indexed-Assignment

Pattern VLK1 <B
Evaluation Sequence:

If index-originisnil, signal implicit-error.
If Bisnot avalue, signa value-error.
If v isashared-variable-name,
If the current-class of v isshared-variable,
Search theform-tablefor z «SHV[I] <B.
Call the corresponding eval uation sequence, passingtoken v asthevalueof s#V,
and k¥ asthevalue of T.
Return thetoken it returns.
Otherwise, signa syntax-error.
If Visasystem-variable-name,
Search theform-tablefor Z < qLI] <B, whereq isthecontent of V.
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If itisnot found, signal syntax-error.

Otherwise,
Cadll the corresponding eval uation sequence, passing K asthevaueof I.
Return thetoken it returns.

If visavariable-name,

If the current-class of v isnil, signal value-error.

If thecurrent-class of Visavariable,
Search theform-tablefor z <v[1] <B.
Cadll the corresponding eval uation sequence, passing K asthevaueof I.
Return thetoken it returns.

Otherwise, signal syntax-error.

6.3.11 Evaluate-Variable

Pattern v
Evaluation Sequence:

If v isashared-variable-name,
If the current-class of v isshared-variable,
Search theform-tablefor z <sgv.
Call the corresponding eval uation sequence, passingtoken v asthevalueof s#V.
Return thetoken it returns.
Otherwise, signal syntax-error.
If visasystem-variable-name,
If the current-class of v isnil, signal value-error.
Search theform-tablefor Z «q, where g isthe content of V.
Call the corresponding eval uation sequence.
Return thetoken it returns.
If visavariable-name,
If the current-class of v isnil, signal value-error.
If the current-class of v isvariable, return the current-content of v.
Otherwise, signa syntax-error.

6.3.12 Build-Index-List

Pattern ]
Pattern ; I
Pattern ; B I
Pattern [T

Pattern (B T
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Evaluation Sequence:

For pattern J
Return 7, a partial-index-list with content the index-list of length zero.
For pattern ; T
Return 7, apartial-index-list with content Z, anindex-list such that thefirst-item
in Z isan dided-index-marker and therest-of Z isT.
For pattern ; B T
Return J, apartial-index-list with content Z, an index-list such that thefirst-item
inzisB andtherest-of ZisTI.
For pattern [ I
Return 7, a complete-index-list with content Z, an index-list such that the fir st-
itemin Z isan dided-index-marker and therest-of Z isT.
For pattern (B I
Return 7, a complete-index-list with content Z, an index-list such that the fir st-
itemin Z isB and therest-of Z isT.

6.3.13 Process-End-of-Statement

Pattern . R

Pattern 4 R
Pattern . ~R
Pattern . ~A R
Evaluation Sequence:

For pattern L R
Return atoken whose classis nil.

For pattern L A R
Return 4.

For pattern . ~R Process-End-of-Statement
Return atoken whose classis escape.

Process-End-of -Statement

For pattern L ~4 R
If therank of 4 isgreater-than one, signal rank-error.
If 4 isempty, return atoken whose classisnil.
Otherwise, set A1 to thefirst-scalar in 4.
If 41 isnot anear-integer, signal domain-error.
Return a token whose class is branch and whose content is the numeric-scalar

with value theinteger-nearest-to A1.
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6.4 TheForm Table

The form-table isthe list of al lists of syntactic-units for which evaluation sequences
exist.

The following matching rules apply in the form-table.
A, B, Z match constant.
I, K match complete-index-list.
f, g match primitive-function or defined-function, but not defined-oper ator.
A given ideogram, such as , matches aprimitive-function token that containsit.
A given distinguished-identifier, such as JIO, matches any system-variable-name
token or system-function-nametoken that containsit.

The behaviour of operationsin the form-table that do not create new contextsis atomic.
Thisbehaviour isobservable only for those operationsthat have side-effects. For example,

if any of the lements of an argument array is not in the domain of roll, the value of the
system parameter random-link following execution will be asit waswhen roll was called.
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Form Operation Name Page
Z «+ B Conjugate 80
Z <« -8B Negative 80
Z « x B Direction 8l
Z « + B Reciprocal 81
Z «< LB Floor 82
Z <« [B Ceiling 82
7 « x B Exponential 83
7 « e B Natural Logarithm 83
Z « | B Magnitude 84
Z <« ! B Factorial 85
Z <« o8B Pi times 86
Z «~B Not 87
Z « A+ B Plus 88
Z « A -B Minus 88
Z <« A xB Times 89
Z «A =+ B Divide 89
Z < ATRB Maximum 90
Z <A LB Minimum 90
Z « A * B Power 91
Z « A e B Logarithm 92
Z « A | B Residue 93
Z « A !B Binomial 94
Z « A oB Circular Functions 95
7 « A AB And/LCM 97
Z « AV B Or/GCD 98
Z « A ~B Nand 98
Z «A~B Nor 99
Z « A =B Equal 100
Z <« A <B Lessthan 101
Z « A < B Lessthan or equal to 102
7 « A =2 B Not equal 103
Z « A >B Greater than or equal to 104
Z « A > B Greater than 105
Z <« , B Ravel 107
Z «p B Shape 108
Z < 1B Index Generator 109
Z « s B Table 110
Z <« Ap B Reshape 112
Z « A, B Join 114
Z « A5 B Join 114
Table 4: The Form Table
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Form

z «f/ B
f/[k] B
f+ B
fA/[k] B
f\ B
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Operation Name

Reduction
Reduction
Reduction
Reduction

Scan

Scan

Scan

Scan

N-wise Reduction
N-wise Reduction
N-wise Reduction
N-wise Reduction
Duplicate
Commute

Outer Product
Inner Product
Rank

Rank

Roll

Grade Up
Grade Down
Reverse
Reverse
Reverse
Reverse

Monadic Transpose

Matrix Inverse
Execute
Unique

Join Along an Axis
Index of
Member of
Deal

Replicate
Replicate
Replicate
Replicate
Expand
Expand
Expand
Expand

Page
115
115
115
115
119
119
119
119
121
121
121
121
124
124
126
127
130
131

133
135
137
138
138
138
138
139
140
141
142

143
146
147
148
149
149
149
149
151
151
151
151

Table 4: (Continued)
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A ¢ B
e B
¢[K] B
o[K] B

h N S

« > o -

N S N N N N S
v o W W

ars
AV
arLc
UEM
OET

ODL B
aNe B
OEX B
ONL B
gsToprP B
UTRACE B
B

A ONL B
A OSTOP B
A OTRACE B
A OFA B

OES B

A OTF B
Ocr « B
acr
ORL « B
ORL
OPP « B
gpp

Operation Name

Rotate

Rotate

Rotate

Rotate

Base Value
Representation
Dyadic Transpose
Take

Drop

Matrix Divide
Indexed Reference
Indexed Assignment
Without

L eft

Right

Character Grade Down
Character Grade Up

Time Stamp
Atomic Vector
LineCounter
Event Message
Event Type

Delay

Name Class

Expunge

NamelList

Query Stop

Query Trace

Monadic Event Simulation

NamelList

Set Stop

Set Trace

Execute Alternate
Dyadic Event Simulation
Transfer Form
Comparison Tolerance
Comparison Tolerance
Random Link
Random Link

Print Precision

Print Precision

Table 4: (Continued)
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Page
153
153
153
153
155
157
159
161
162
163
164
165
167
167
168
169
170

178
179
179
180
181

181
182
183
184
185
186
187

187
188
189
190
191
192
194
194
195
195
196
196

6.4. THE FORM TABLE
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Form Operation Name Page
Z < 0I0 <« B Index Origin 197
z < 010 Index Origin 197
Z « 0LX <« B Latent Expression 198
z < 0LX Latent Expression 198
7 « OLX[I] « B Latent Expression 198
Z < DFN Call-Defined-Function 207
Z « DFN B Call-Defined-Function 207
Z <« A DFN B Call-Defined-Function 207
z <« f DFN B Call-Defined-Function 207
Z « AfDFN B Call-Defined-Function 207
z « fDFN g B Call-Defined-Function 207
z « A f DFN g B Call-Defined-Function 207
Z <« 0OFX B Function Fix 210
Z <« OCR B Character Representation 211
Z < SHV Shared Variable Reference 224
Z < SHV < B Shared Variable Assignment 225
Z < SHV[I] < B Shared VariableIndexed Assignment 226
Z < 0Osvc B Shared Variable Access Control Inquiry 226
Z < 0Svq B Shared Variable Query 228
Z < 0OSvVo B Shared Variable Degree of Coupling 229
Z < A 0OSVo B Shared Variable Offer 230
7z <« OSVR B Shared Variable Retraction 231
Z < A 0SVC B Shared Variable Access Control Set 232
Z < 0OSVS B Shared Variable State Inquiry 233
OSVE <« B Shared Variable Event 234
Z < 0OSVE Shared Variable Event 234
Z <« 3B Monadic Format 240
Z <« A73%B Dyadic Format 244
z <0 Quad Input 252
Z <M Quote Quad Input 253
Z «<0+«B Quad Output 253
Z <M <«B Quote Quad Output 254

Table 4: (Concluded)
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Scalar Functions

Note: The primitive functions described in this chapter are called scalar-functions. All scalar-
functions have uniform behaviour with respect to the structure of their argument arrays. The shape
of the result of a scalar-function is determined solely by the shapes of its arguments.

This section defines scalar-functions individually for scalar arguments. Their common behaviour
is described in this informal description by the expository device of an implicit operator, called the
scalar -extension-oper ator.

If the argument to a monadic scalar function is not a scalar, a monadic scalar extension operator
can be thought of as being invoked to produce a derived function which, in turn, appliesthe monadic
scalar function to every element of the argument array, producing a result array of the same shapeas
the argument. The order in which the elements of the argument array are presented to the monadic
scalar function is not specified by this standard. Monadic scalar functions never signal rank-error
or length-error.

If either of the arguments of a dyadic scalar function is not a scalar, a dyadic scalar extension
operator can be thought of as being invoked to produce a derived function, which provides pairs of
scalarsto the scalar function asfollows:

Thedyadic scalar extension operator fir st tests whether thetwo argument arrayshavethe sameshape.
Argumentsto a dyadic scalar function must have the same shape. If they do not, and the argument of
lesser rank is a scalar or one-element vector, the argument of lesser rank is reshaped to the shape of
the argument of greater rank.

If the argumentscannot be made to have the same shape, the dyadic scalar extension operator signals
arank-error if the argumentsare of different ranksand a length-error otherwise.

When thedyadic scalar extension operator succeeds, it producesa derived function which generatesa
scalar for each position initsresult array by applying the subject scalar-function to pairsof scalars
selected from corresponding positions in the argument arrays. The order in which the elements of
theresult array are produced is not specified by this standard.

Because the derived function produced by either scalar extension operator never calls its scalar-
function argument for empty arrays, domain-error cannever besignalled for empty array arguments
or for arraysreshaped by scalar extension to empty.

The type of all empty results produced by the functions derived from monadic and dyadic scalar
extension is a property of the function to scalar extension. Since all scalar functions specified in
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this standard produce numeric results, the type of all empty results produced by scalar extensionis
specified asnumeric.

For example, ' ' A5 and - ' ' return empty numeric results rather than signalling an error.

7.1 Monadic Scalar Functions

Note: The definitionsin this section cover only scalar arguments. The phrase-evaluator evaluate-
monadic-function handlesnon-scalar cases. All scalar-functionsyield scalar resultswhen applied
to scalar arguments.

Note that, in this standard, roll is not a scalar-function.

7.1.1 Conjugate

7 < + B

Informal Description: Z is the conjugate of B. Geometrically, it is the reflection of the
number about the real axis.

Evaluation Sequence:

If Bisnot anumber, signa domain-error.
Return B with itsimaginary-part negated.

Example:
+ 3 40 0.5 3J4 “3J4 3J 4

3 40 0.5 3J 4 3J 4 3J4

7.1.2 Negative

7 <« - B
Informal Description: Z isthe negation of B.
Evaluation Sequence:

If Bisnot anumber, signa domain-error.
Return zero minusB.

Example:
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7.1.3 Direction

Z <« x B

Informal Description: Z iszeroif B iszero, and otherwiseisthenumber withmagnitude
one that has the same direction as B. Geometricaly, it isthe number determined by the
radial projection of B onto the unit-circle. For real numbers, thisisidentica with the
sign or signum function, and takes on only the values one, zero, and negative one.

Evaluation Sequence:

If Bisnot anumber, signa domain-error.
If B iszero, return zero; otherwise, return B divided-by the magnitude of B.

Examples:
x1 7.5 .33 0 1E 20
17110 "1
x3J4 3J 4 T3J4 T3J 4
0.6J0.8 0.6J 0.8 "0.6J0.8 ~0.6J 0.8

7.1.4 Reciprocal

Z <« + B
Informal Description: Z is1+B.
Evaluation Sequence:

If Bisnot anumber, signa domain-error.
If B iszero, signa domain-error.
Return one divided-by B.

Examples:

+ .25 .5 12 4
"4 2 1 0.5 0.25

0
domain-error
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715 Floor

Z <« |L B

Informal Description: Z is the complex-integer U associated with the unit-square
containing B, unless the sum of the fractional-parts of the real-part and imaginary-
part of B isgreater-than-or-equal-to one, in which case it is the nearer of v plusone
or U plusimaginary-one, In case of atie, itis U plusone. For real-numbers, Z isthe
greatest integer tolerantly less than or equa to B. Uses comparison-tolerance

Evaluation Sequence:

If comparison-toleranceisnil, signa implicit-error.
If Bisnot anumber, signa domain-error.
Return thetolerant-floor of B within comparison-tolerance.

Examples:
— Inthefollowing, comparison-toleranceis 1£~ 10.

[73.1416 3.1416 .99999999999 5FK20 0.5E 10
"4 3 1 5E20 O

Ll0.3J0.6 0.6J0.8 0.8J0.6 0.6J0.3 0.8J0.2 0.5J0.5
0 0J1 1 0 1 1

Note: The following article describesthe design of the floor function for complex arguments:
McDonnell, E. E., “ Complex Floor” , APL Congress 73, North Holland Publishing Co., 1973

7.1.6 Cailing

Z <« [ B

Informal Description: Z isthe negation of the floor of the negation of B. For B areal-
number, Z istheleast integer tolerantly greater than or equal to B. Uses comparison-
tolerance.

Evaluation Sequence:
If comparison-toleranceisnil, signa implicit-error.
If Bisnot anumber, signa domain-error.
Return - | -B.

Example:
— Inthefollowing, comparison-toleranceis 1£~ 10.

[T3.1416 3.1416 5.00000000001
345
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7.1.7 Exponential

7 < x B

Informal Description: Z is e raised to the power B, where e is the base of the natural
logarithms.

Evaluation Sequence:

If Bisnot anumber, signa domain-error.
Return the exponential of B.

Examples:
* "1E50 "2 1.0 1 2

0 0.135335 0.367879 1 2.71828 7.38906
* .693147

7.1.8 Natural Logarithm

Z <« ® B
Informal Description: Z isthe natural logarithm of B.
Evaluation Sequence:

If Bisnota number, signal domain-error.
If B iszero, signa domain-error.
Return the natural-logarithm of B.

Examples:

®1828u459045 2 1E 50 1E50
1 0.693147 ~115.129 115.129

®x 1
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7.1.9 Magnitude

7« | B

Informal Description: Z isthe magnitude of B.

Evaluation Sequence:

If Bisnot anumber, signa domain-error.

Return the magnitudeof B.

Example:

[1 0.5 0.33 0.25 0 1E 20
1 0.5 0.33 0.25 0 1E 20
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7.1.10 Factorial

Z « ! B

Informal Description: Z isthe gamma-function of B+1. If B isanonnegative-integer,
thisisfactoria B.

Evaluation Sequence:

If B isnot anumber, signal domain-error.

If B isanegative-integer, signal domain-error.
Set B1 to B plusone.

Return gamma-function of B1.

Examples:

1012345672829
1126 24 120 720 5040 40320 362880

1.5
1.77245

51 p! - 1.502 1.503 1.504 1.505 1.506
3.54471
3.54466
3.5446Y4
3.54466
3.5447

Note: The gamma-function is defined in, for example, the National Bureau of Standards
Handbook of Mathematical Functions, U.S. Government Printing Office, Washington D.C., 1964.

See also Hart, J. F, Computer Approximations, Robert C. Krieger Publishing Company,
Huntington, NY, 1978.
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7.1.11 Pitimes

7Z < o B
Informal Description: Z isw times B.

Evaluation Sequence:

If Bisnot anumber, signa domain-error.
Return pi-times B.

Example:

o1 10 100
3.14159 31.4159 314.159
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7.1.12 Not

Z <« ~B
Informal Description: Z isthe Boolean complement of B.
Evaluation Sequence:

If B isnot near-Boolean, signal domain-error.
If theinteger-nearest-to B isone, return zero.
Otherwise, return one.

Example:

— For the following, the implementation-par ameter integer-toleranceis 1£~ 10.

~0 1 1F 11 .999999999999
1010

7.2 Dyadic Scalar Functions

Note: The definitionsin this section cover only scalar arguments. The phrase-evaluator evaluate-
dyadic-function handles non-scalar cases. All scalar-functionsyield scalar results when applied
to scalar arguments.

The outer product operator, which has not yet been formally introduced at this point in the document,
is used in the examples in this section as a convenient way of generating tables. The use of outer
product in this section is limited to vector arguments. The same results could be obtained from each
example, although not so compactly, by supplying the elements of the left argument one at a time,
starting from the leftmost, as left argumentsto the scalar function.

For example,
Example:

0 10.=0 1 2
100
010

isequivalent to

Example:

o
1
o
[N
N
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7.2.1 Plus

7« A+ B
Informal Description: Z is4 plusB.
Evaluation Sequence:

If either of 4 or B isnot anumber, signal domain-error.
Return 4 plus B.

Example:

N R O R

7.2.2 Minus

7« A -B
Informal Description: Z iSA minusB.
Evaluation Sequence:

If either of 4 or B isnot anumber, signal domain-error.
Return A minusB.

Example:

w N B O
N B O
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723 Times

7 <« A xB
Informal Description: Z iSA timesB.
Evaluation Sequence:

If either of 4 or B isnot anumber, signal domain-error.
Return 4 times B.

Example:
271010.x27101
n 2 0 2
2 10 "1
0 0 0 0
T2 T1 0 1
7.2.4 Divide
7« A+ B

Informal Description: Z isA divided by B.
Evaluation Sequence:

If either of 4 or B isnot anumber, signal domain-error.
If Biszeroand A isnot zero, signal domain-error.

If Biszero and 4 iszero, return one.

Otherwise, return 4 divided-by B.

Example:

01234 o.+1 2 3 4

0 0 0 0
1 0.5 0.333333 0.25
2 1 0.6b6666 0.5
3 1.5 1 0.75
4 2 1.333383 1
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725 Maximum

Z <« ATRB
Informal Description: Z isthelarger of 4 and B.
Evaluation Sequence:

If either of 4 or B isnot anear-real number, signal domain-error.
Set 41 tothereal-number nearest to 4.

Set B1 tothereal-number nearest to B.

If 41 isgreater-than B4, return A1.

Otherwise, return B1.

Example:

o o o k-
[

726 Minimum

z <« A LB
Informal Description: Z isthesmaller of 4 and B.
Evaluation Sequence:

If either of 4 or B isnot a near-real number, signal domain-error.
Set 41 tothereal-number nearest to 4.

Set B1 tothereal-number nearest to B.

If 41 isgreater-than B1, return B1.

Otherwise, return 4 1.

Example:
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7.2.7 Power

Z <« A * B
Informal Description: Z iS4 raised to the Bth power.
Evaluation Sequence:

If either of 4 or B isnot anumber, signal domain-error.
If 4 iszero and B iszero, return one.

If A iszero and thereal-part of B isapositive-number, return zero, otherwise signal
domain-error.
Return 4 to-the-power B.

Examples:
— Inthefollowing, print-precisionis12.

2%32
4294967296

4x0.5

T8x+3
1J1.73205080757

Additional Requirement:

The foregoing example shows that, when the optional complex arithmetic facility is
implemented, the implementation-algorithm should yield the principal value of the
nth (odd n) root of a negative number, not the real negative root. If it is not implemented,
adomain error should be signalled.
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7.2.8 Logarithm

7 < A e B
Informal Description: Z isthelogarithm of B to the base 4.

Evaluation Sequence:

If either of 4 or B are not numbers signal domain-error.
If 4 and B are equal, return one.

If 4 isone, signal domain-error.

Set A1 to the natural-logarithm of 4.

Set B1 to the natural-logarithm of B.

Return B1 divided-by A1.

Example:

10 2 10 0.1 2 65536 1E15 1E15
0.30103 16 15 15
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7.29 Resdue

Z <A | B
Informal Description: Z isB modulo 4. Uses comparison-tolerance.
Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.

If either of 4 or B isnot anumber, signal domain-error.

If 4 iszero, return B.

If comparison-tolerance is not zero, and B divided-by 4 is integral-within
comparison-tolerance, return zero.

Otherwise set Z to B modulo 4.

If Zis4, returnzero.

Otherwise, return z.

Examples:

— Inthefollowing, print-precision is 16 and comparison-toleranceis 1£~ 10.

7 77 o.|31 28 30

0.2 |1.4 1.5 1.6
0 0.10

1 |1F30 1E 30 1F 30 .99999999999
0 00O

— In thefollowing, comparison-toleranceis zero.

1 |1F30 1E 30 1F 30 .99999999999
0 1E 30 0 0.99999999999

Additional Requirement:

Therange of residue isthose numbersthat are the product of afraction and 4, except when
A iszero, in which case therange isthe single number B.

Note: The implementation-algorithm P modulo @ provides an exact modulo operation for real-
numbersp and Q. It evaluatesrR<P- (xP) x | @x | | P+ Q exactly, andreturnsr if (xR)=xQ, Or R+Q
otherwise.

The definition of “mod” in the |IEEE standard for Binary Floating-Point Arithmetic (754) provides
an example of this exact evaluation.

Implementations should avoid signalling limit-error in residue. If the operation B divided-by 4
causes exponent-over flow, return zero. If it causes exponent-underflow, and if 4 and B have the
samesigns, return B. If they have different signs, return zero.
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7.2.10 Binomial

Z« A !B
Informal Description: Z is(gamma(1+B))+( (gamma(1+4))xgamma(1+B-4))

If 4 and B are nonnegative-integers, Z isthe number of combinationsof B thingstaken
A a atime.

Evaluation Sequence:

If either of 4 or B isnot anumber, signa domain-error.

Determineif each of 4, B, and B- 4 isanegative-integer.

Select the appropriate case from the following table, where a one indicates that the
corresponding value is a negative-integer and azero indicatesthat it is not.

Case Rule
A B B-4A
0O 0 0 Return (!B)+(!A)x!B-A.
0o 0 1 Return zero.
0 1 0 Signal domain-error.
0o 1 1 Return (T 1xA) xA!A-B+1.
1 0 0 Return zero.
1 0 1 (Case cannot arise.)
1 1 0 Return (" 1+B-A)x(|B+1) ! (|4+1).
1 1 1 Return zero.
Example:
4 T3 727140412340, 473727101234
1 3 3 1 0 0 0 0 0
0 1 2 1 0 0 0 0 0
0 0 1 71 0 0 0 0 0
0 0 0 1 0 0 0 0 0
1 1 1 1 1 1 1 1 1
Ty 3 T2 "1 0 1 2 3 4
10 6 3 1 0 0 1 3 6
20 T410 T4 1 0 0 0 1 4
35 15 5 1 0 0 0 0 1

Note: The APL expressionsin the rule column indicate the result required, not the algorithm to be
used. For example, 64165 shouldbess evenif ! 65 signalslimit-error.
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7.2.11 Circular Functions

Z <« A oB
Informal Description: Z istheresult of applying afunction designated by 4 to B.
Evaluation Sequence:

If 4 isnot anear-integer, signa domain-error.
If Bisnot anumber, signa domain-error.
Set 41 totheinteger-nearest-to A.
If 41 isnotintheclosed-interval-between ~12 and 12, signal domain-error.
IfA1is™ 12, return x0J1xB.
IfA1is™ 11, returnoJ1xB.
IfA1is™ 10, return +B.
If A1is™9, return B.
IfA1is™8,return-(~1-B*2)*.5.
IfA1is™7,
If B isnegative-oneor one, signal domain-error.
Return the inver se-hyperbolic-tangent of B.
IfA1is7s,
Return z, the principal value of the inver se-hyperbolic-cosine of B, where Z isa
nonnegative-number.
If 41187 5, return theinver se-hyperbolic-sine of B.
IfA1is 4,
If Bis™ 1 returnzero
Otherwisereturn (B+1)x((B-1)+B+1)*0.5.
If A1 is™ 3, return Z, theprincipa valueinradians of theinver se-tangent of B, where
7 isinthe open-interval-between —w/2 and 7 /2.
IfA1is™ 2,
Return z, the principal valuein radiansof theinver se-cosine of B, where Z iseither
zero or anumber inthe open-interval-between zero and .
A1is™ 1,
Return z, the principa value in radians of theinverse-sine of B, where Z iseither
7 /2, or anumber in the open-interval-between —z /2 and 7/2.
IfA1iso,
If B isnot in the closed-interval-between negative-one and one, signal domain-
error.
Return (1-B*2)*0.5.
If 41 is1, returnthesine of B radians.
If 41 is2, returnthe cosine of B radians.
If41is3,
If B isan odd multiple of #/2, signal domain-error.
Return the tangent of B radians.
IfA1isu,return (1+B*2)*0.5.
If 41 is5, returnthe hyperbolic-sine of B.
If 41 is6, returnthe hyperbolic-cosine of B.
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If 41 is7, returnthe hyperbolic-tangent of B.
IfA1iss,return (T1-Bx2)*.5.

If 41 is9, returnthereal-part of B.

If A1is10, return | B.

If 41is11, returntheimaginary-part of B.
If 41is12, returnthearc of B.

Examples:
2 001 0.6
.8
2 00
1
3 oo+l
1
6 00
1

Note: The APL expressionsused for ooX, ~4oX, and 4oX aboveindicate the result desired, not the
algorithmto be used.

Note:  The following article describes the reasons for the choices made in defining the circular
functions for complex arguments,

Penfield, Paul, “Principal Values and Branch Cuts in Complex APL”, APL81 Conference
Proceedings, ACM, San Francisco, 1981

Note: Valuesof 4 greater than 7 in magnitudearerequiredonly for animplementation which includes
the optional complex-arithmetic-facility.
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7.2.12 And/LCM

Z « A NB

7.2. DYADIC SCALAR FUNCTIONS

Informal Description: Z istheleast common multipleof 4 and B. For Boolean arguments

it isthe Boolean product of A and B. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signa implicit-error.
If either 4 or B isnot anumber, signal domain-error.
If both 4 and B are near-boolean,
Set A1 totheinteger-nearest-to 4.
Set B1 totheinteger-nearest-to B.
If either 41 or B1 iszero, return zero.
Otherwise, return one.
Otherwise, set 41 to the greatest-common-divisor of 4 and B, using the
implementation-algorithm greatest-common-divisor.
If A1 iszero, return zero.
Otherwise, return 4 times (B divided-by 4 1).

Examples:

30 A 36
180

3 A 3.6
18

T29J53 A T 1J107
T853J 329
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7213 Or/GCD

Z « AV B

Informal Description: Z is the greatest common divisor of 4 and B. For Boolean
arguments, Z isthe Boolean sum of 4 and B. Uses comparison-tolerance.

Evaluation Sequence:
If comparison-toleranceisnil, signal implicit-error.
If either 4 or B isnot anumber, signal domain-error.
If both 4 and B are near-boolean,
Set 41 to the nearest-integer to 4.
Set B1 to the nearest-integer to B.
If either 41 or B1 isone, return one.
Otherwise, return zero.
Otherwise, return the greatest-common-divisor of 4 and B, using the
implementation-defined-algorithm greatest-common-divisor.
Examples:

01 o.v0 1

30 v 36
3 v 3.6

T29J53 v T 1J107
7J1

7.2.14 Nand

Z <« A ~ B
Informal Description: Z isthe Boolean complement of the Boolean product of 4 and B.
Evaluation Sequence:

If either 4 or B isnot near-Boolean, signal domain-error.
Otherwise, return ~4 A B, with comparison-tolerance set to zero.

Example:

01 o.~0 1
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7.2.15 Nor

7« A~B
Informal Description: Z isthe Boolean complement of the Boolean sum of 4 and B.
Evaluation Sequence:

If either 4 or B isnot near-Boolean, signal domain-error.
Otherwise, return ~Av B, with comparison-tolerance set to zero.

Example:
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7.2.16 Equal

Informal Description: Z isoneif 4 and B are considered equal and zero otherwise. A
and B are equd if they are the same character, or if they are both numeric and 4 is
tolerantly equal to B within comparison-tolerance. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.
If thetype of 4 isnot the same asthetype of B, return zero.
If both 4 and B are characters,
If 4 isthe same character as B, return one.
Otherwise, return zero.
If both 4 and B are numbers,
If 4 istolerantly-equal to B within comparison-tolerance, return one.
Otherwise, return zero.

Example:

123 9.=123

O O -
o B O
= O O

— Inthefollowing, comparison-toleranceis 1£~ 13.

4 = 4 + 5F 13 2E 13 " 2E 13 "5E 13
0110

0 = 1F 20 1E 20 O
00 1

3 = "A3"

Note: Comparisonsof number swhose signs differ are not affected by comparison-tolerance.

For any value of comparison-tolerance and any two real numbers 4 and B, exactly one of the
expressionsA<B, A=B, and 4> B isone.

Equal should not signal alimit-error. For example, theresult of positive-number-limit = negative-
number-limit is zero. The following is a sample technique for handling exponent-overflow and
exponent-underflow when scaling comparison-tolerance.
Set ¢ to the larger of the magnitudesof 4 and B.
Set D to comparison-tolerancetimes c.
If exponent-under flow occurs,
Set 41 to 4 divided-by c.
Set B1 to B divided-by c.
Set ¢1 to the magnitudeof 41 minusB1.
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If ¢1 isgreater-than comparison-tolerance, return zero.
Otherwise, return one.
Set £ to the magnitude of A minus B.
If exponent-over flow occurs, return zero.
If exponent-under flow occurs,
Set 41 to 4 divided-by c.
Set B1 to B divided-by c.
Set ¢1 to the magnitudeof 41 minusB1.
If ¢1 isgreater-than comparison-tolerance, return zero.
Otherwise, return one.
If £ isnot greater-than D, returnone.
Otherwise, return zero.

7.2.17 Lessthan

Z « A <B

Informal Description: Z isoneif A istolerantly less-than B, and zero otherwise. Uses
comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.

If either of 4 or B isnot anear-real number, signal domain-error.

Set A1 to thereal-number nearest to 4.

Set B1 to thereal-number nearest to B.

If A1=B1, evaluated with the current value of comparison-tolerance, isone, return
zero.

If 41 islessthan B1, returnone.

Otherwise, return zero.

Examples:

123 o.< 123

o
o O B
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7.2.18 Lessthanor equal to

Informal Description: Z isoneif 4 islessthanor tolerantly equal to B, and zero otherwise.
Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.

If either of 4 or B isnot anear-real number, signal domain-error.

Set A1 to thereal-number nearest to 4.

Set B1 to thereal-number nearest to B.

If A1=B1, evaluated with the current value of comparison-tolerance, isone, return
one.

If 41 islessthan B1, returnone.

Otherwise, return zero.

Examples:

12 3 0.<1 2 3
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7.2.19 Not equal

Z <« A =2 B

Informal Description: Z is one if A does not equa B, and zero otherwise. Uses
comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.
Return ~4 =B, evaluated with the current value of comparison-tolerance.

Examples:
TA' 241

12 3 .21 2 3

011
10
11
0 1 o.20 1
1
0
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7.2.20 Greater than or equal to

Informal Description: Z isoneif A is greater than or tolerantly equa to B, and zero
otherwise. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signa implicit-error.

If either of 4 or B isnot anear-real number, signal domain-error.

Set A1 to thereal-number nearest to 4.

Set B1 to thereal-number nearest to B.

If A1=B1, evaluated with the current value of comparison-tolerance, isone, return
one.

If A1 isgreater-than B1, return one.

Otherwise, return zero.

Examples:

12 3 .21 2 3
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7.2.21 Greater than

Z « A > B

Informal Description: Z isoneif A istolerantly greater than B, and zero otherwise. Uses
comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signal implicit-error.

If either of 4 or B isnot anear-real number, signal domain-error.

Set A1 to thereal-number nearest to 4.

Set B1 to thereal-number nearest to B.

If A1=B1, evaluated with the current value of comparison-tolerance, isone, return
zero.

If A1 isgreater-than B1, return one.

Otherwise, return zero.

Examples:

123 9°.>12 3

[N
B O O
o

o
o
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Structural Primitive Functions

8.1 Introduction

Note: The functions in this chapter are used in the evaluation sequences of many non-scalar
operations. They are defined hereto avoid forward references.

8.2 Monadic Structural Primitive Functions

821 Ravd

Z <« , B
Informal Description: Z isavector containing the elements of B in row-magjor order.
Evaluation Sequence:

Return Z, avector such that the ravel-list of Z isthe same astheravel-list of B, the
type of Z isthe same as the the type of B, and the shape-list of Z isalist of length
one containing the count of B asitsonly item.

Examples:

,N22
11 12 21 22
,N222
111 112 121 122 211 212 221 222
,N2221
1111 1121 1211 1221 2111 2121 2211 2221
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Note: Ravel alwaysproducesa vector result. Theexpressionsravel-list of z, typeof z, and shape-list
of z refer to attributes of an array object.

8.22 Shape

Z < p B
Informal Description: Z isanumeric vector containing the shape of the array B.
Evaluation Sequence:

Return z, an array such that the type of Z is numeric, the raved-list of Z is the
shape-list of B, and the shape-list of Z is a list whose only item contains the
number-of-itemsin the shape-list of B.

Examples:
olN
o,N
pplV
o3

ppN3

oN3u
3 4

Note: Shape always producesa vector result. The expressionshape-list of Z refersto an attribute of
an array object.
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8.2. MONADIC STRUCTURAL PRIMITIVE FUNCTIONS
8.2.3 Index Generator

Z < 1 B

Informal Description: Z isanumeric vector of B consecutive ascending integers, the
first of which isindex-origin. Usesindex-origin.

Evaluation Sequence:

If index-originisnil, signal implicit-error.

If therank of B isgreater-than one, signal rank-error.

If the count of B isnot one, signal length-error.

If B isnot anear-integer, signa domain-error.

Set B1 totheinteger-nearest-to B.

If B1 isnot anonnegative-integer, signal domain-error.

If B1 iszero, return an empty numeric vector.

Generate anumeric vector zZ1 of length B1 such that theravel-list of Z1 consists of
theinteger sintheclosed-inter val-between oneand B 1 inascending order. Generate
Z,anumeric array with the shape-list of zZ1 such that each item of the ravel-list
of zZ is(index-origin minusone) plusthe corresponding element of Z 1.

Return Z.

Examples:
— In thefollowing example, index-origin is zero.

14
0123

— In thefollowing example, index-origin isone.

14
12 34
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824 Table

Z*jB

Informal Description: Z isamatrix containingtheelementsof B. Z isformed by ravelling
the subarrays of B dong itsfirst axis. For example, if Bisascalar, Z hasshape 1 1;if B
isafive-element vector, Z hasshape s 1;if Bhasshapes 4 3 2,7 hasshapes 2u.

Evaluation Sequence:

If Bisascalar set cto1 1.
Else set ¢ to atwo-element list as follows:
Set thefirst-item of ¢ to thefirst-item of the shape-list of B.
Set thelast-item of ¢ to the product-of the rest-of the shape-list of B.
Set Z tothe ¢ reshape of B.
Return Z.

Examples:

£ w N R

sN22
11 12
21 22
sN222
111 112 121 122
211 212 221 222
sN2221
1111 1121 1211 1221
2111 2121 2211 2221
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8.25 Depth

Informal Description: Z isanumeric scalar describing the level of nesting of B. For
simple-scalars, thisis 0. For arrays, thisis one greater than the depth of the element
with the grestest depth.

Note: Anenclosed arrayisan array.
Evaluation Sequence:

If Bisasimple-scalar, return zero.
Return 1+ ,="B.

Examples:

=5

n
[N

2 3

=N234

='"ABC',1 2 3

=cl1 2 3

=,c1 2 3

"HERO'",c2 3,c2 3pch 8
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8.26 Enlist

7 < € B

Informal Description: If B isasimple-array, then enlist has the same effect as ravel.
Otherwise, enlist has the effect of recursively raveling each element of B (in ravel-list
order) and joining them together. Thus, Z will always be a simple-array of rank one,
containing al items of B.

Note: Enlist is sometimes called “ super ravel” .
Evaluation Sequence:

If Bisempty, return ope 1+, B.

If Bisasimple-array, return , B.

Set B1 to thefirst item of theravel-list of B.
Return (eB1), (e1+v,B).

Examples:

€l 2 3,c4 5 6
123456
=1 2 3,c4 5 6

=1 2 3,cl4 5 6

8.3 Dyadic Structural Primitive Functions

8.3.1 Reshape

Z « A p B

Informal Description: Z isan array of shape , 4 whose elements are taken sequentialy
from , B repeated cyclically as required.

Evaluation Sequence:

If therank of 4 isgreater-than one, signal rank-error.

If any item of theravel-list of 4 isnot anear-integer, signal domain-error.

Set A1 totheinteger-array-nearest-to , 4.

If any item of the ravel-list of 41 is not a nonnegative-counting-number, signal
domain-error.

Let R4 stand for the product-of theravel-list of A1.

Let ¢B stand for the count of B.
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If R4 isnot zero and CB iszero, signa length-error.

Returnan array Z such that thetype of Z isthe sufficient-type of theravel-list of Z
under the type of B, the shape-list of Z isthe same astherave-list of 41, and the
ravel-list of zZ isalist with R4 items such that for al T intheindex-set of z, item
I of theravel-list of Z isitem 1+CB | I-1 of therave-list of B.

Examples:

2 4pN213
111 112 113 211
212 213 111 112

pOp 'ABCD'

B «1E7 1F7 1E7 0 1FE7 1E7 1F7 p 42

0B
1E7 1FE7 1E7 0 1E7 1E7 1E7

Note: For any X that is not empty, ' 'pX and (10)pX produce the sameresult: a scalar whose
valueisthat of thefirst-scalar in x.
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8.3.2 Jain
Z <« A , B
Z <« A 5+ B

Informal Description: If 4 and B are scalars or vectors, Z is the vector of length
(p,4)+p,Bwhosefirst o, A elementsare , 4 and whoselast o , B elementsare , B.

If either 4 or B hasrank greater than one,
Forfoomz <« A , B
ZiSA,[(ppA)lppBlB,

Forformz <« 4 5 B
ZisA,[1]B,

as defined under Join Along an Axis.
Evaluation Sequence:

If 4isascalar and B isascalar, return ( ,4) , , B.
If 4 isascalar and B isavector, return (,4) , B.
If 4 isavector and B isascalar, return4, , B.
If 4 isavector and B isavector,

If 4 isempty and B isempty and thetype of 4 differsfromthetypeof B, returnan
empty-list whose typeis determined by the implementation-algorithm typical-
element-for-mixed.

If B isempty, return 4.

If 4 isempty, return B.

Otherwise, return avector z, such that the shape-list of Zis (p4) +p B, therave-
listof Z isalist whosefirst p 4 itemsaretheravel-list of 4 andwhoselast o B items
aretheravel-list of B, and thetype of Z isthe sufficient-type of the ravel-list of
Z under thetype mixed.

Otherwise, when either 4 or B has rank greater than one, return 4, [1]B for form
AsBand4, [(poA) lpoBlBforform4, B.

Example:

L)
0

Note: This subsection intentionally contains a forward referenceto Join Along an Axis. Join and

Join Along an Axis are defined separately because the description of Join Along an Axis requires
APL operationsthat depend for their definitionsin turn upon Join.
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Operators

9.1 Introduction

Note: The formsin this chapter arereferredto as operators.

9.2 Monadic Operators

9.2.1 Reduction

Z « [/ B

Z

4

r/[K] B

Z « f+ B

Z

4

r+ [K] B
Informal Description: Z isthe vaue produced by placing the dyadic function f between

adjacent items along a designated axis of B and eval uating the resulting expression. The
axis designated determines how the subarrays are chosen. Uses index-origin.

There are two conforming definitions for Reduction; the | mplementation Parameter
Reduction-Style specifies which definition a particular implementation uses.

The Enclose-Reduction-Style style, informally known as the APL2 style, uses a
definition based on enclose which, for al f, preserves the identity:
ppZ Is O 1+ppB.
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9. OPERATORS

The Insert-Reduction-Style style, informaly known as the Sharp/J style, does not
universally preserve the above identity. Instead f is inserted between each successive
cell dong the frame axis (the axis of reduction). The rank of f controls the subseguent
evaluation.

Note: Since reduction is used in the evaluation sequences of other operators, the choice of the
Implementation Parameter Reduction-Style hasa pervasiveeffect on the implementation, and its
importance should not be underestimated.

Note: Thefunctionslisted in Table 5 are scalar functions, that is their left and right function ranks
arezero.

Evaluation Sequence:

If Implementation Parameter Reduction-Style is Enclose-Reduction-Style:
If f isnot adyadic-function, signal syntax-error.
For formf/B
If Bisascalar, return B.
Otherwise, returnf/[“141ppB] B .
For formf/B
If Bisascalar, return B.
Otherwise, returnf/ 111 B .
For formsf/ (k] Bandf/[k] B

If K isnot avalid-axisfor B, signa axis-error.

Otherwise, set K 1 to theinteger-nearest-to .

If Bisavector,

If thelength of B is zero, take the action designated in Table 5 for f.
If thelength of B isone, return ascalar Z such that the type of Z isthetype
of B and theravd-list of Z istheravd-list of B.
If thelength of B isgreater-than one,
Set B1 tothefirst-scalar in B.
Set B2 totheremainder-of B.
ReturncB1 f o>f/B2.

If therank of B isgreater-than one, return an array Z such that the shape-list
of Z isthe shape-list of B with item k1 omitted, and the ravel-list of Z has
the property that if Z1 isanitem of Z and B3 isthe corresponding vector-item
along-axisk1 of B, then z1 isf/B3.

Otherwisel mplementation Parameter Reduction-Style islnsert-Reduction-Style:
If f isnot adyadic-function, signal syntax-error.
For formf/B

If Bisascalar, return B.
Otherwise, returnf/ [~ 141pB] B .
For formf/B
If Bisascalar, return B.
Otherwise, returnf/ 111 B .
For formsf/ (k] Bandf/[Kk] B
If K isnot avalid-axisfor B, signa axis-error.
Otherwise, set K 1 to theinteger-nearest-to .
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SetB1to (AK1, (1ppB)~K1)&B.

SetC1to1vpB1.

If the number of c1-cellsin B1 iszero, takethe action designated in Table5 for
f to choose aresult item Zo. Returnan array Z such that the shape-list of 7 is
C1, thetype of z isthetype of Zo, and each item of the ravel-list of Z isthe
ravel-list of zo.

If thenumber of c1-cellsinB1 isone, returnan array Z such that the shape-list
of Z isC1, thetypeof z isthetypeof B1, andtheravel-list of Z istherave-list
of B1.

If the number of c1-cellsin B1 isgreater-than one,

Set B2 to an array such that the shape-list of B2 is C1, the type of B2 isthe
typeof B1, andtheravel-list of B2 istheravel-list of thefirst c1-cell inB1.

Set B3 toan array such that theshape-list of B3 is( (" 1+14pB1),C1),the
type of B3 isthetypeof B1, and theravel-list of B3 istheravel-list of all
thethe C1-cellsof B1 except thefirst.

Return B2 f f£B3.

Examples:
+/1 2 3
6
x/1 2
2
=/ 14"
A
=/ TAA"
1
=/ TAAA"

(3 8p0) =,#2 3 4p0 alnsert-Reduction-Style

(3 4pc0O 0) =,#2 3 4p0 aEnclose-Reduction-Style

Additional Requirement:

If Z isempty, thetypeof Z isdetermined by the argument function f.

When applied along an empty axisin an array, reduction produces an array whose shape
isthat of the argument array with the designated axis deleted. The elements of the array,
if any, are determined by the argument function and Table 5. In some cases, an error is
signalled.
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9. OPERATORS
Dyadic Function Action

Plus + Return zero.

Minus - Return zero.

Times x Return one.

Divide + Return one.

Residue \ Return zero.

Minimum | Return positive-number-limit.
Maximum T Return negative-number-limit.
Power * Return one.

Binomid ! Return one.

And A Return one.

Or v Return zero.

Less < Return zero.

Not grester < Return one.

Equal = Return one.

Not less > Return one.

Greater > Return zero.

Notequa = Return zero.

al others Signa domain-error.

Table 5: Actionsfor the Reduction of an Empty Vector.
Example:

+/2 0 p5.1

o+/2 0p5.1
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9.22 Scan

z « f\B

z <« f\[K] B

4

7z « f\B

z <« fN[K] B

4

Informal Description: Z isan array having the same shape as B and containing the results
produced by f reduction over all prefixes of a designated axis of B. Usesindex-origin.

Evaluation Sequence:

If f isnot adyadic-function, signal syntax-error.
For formf\B

If Bisascalar, return B.

Otherwise, returnf \ [ppB] B evaluated with index-origin set to one.
For formf xB

If Bisascalar, return B.

Otherwise, returnf \ [1] B evaluated with index-origin set to one.
For formsf\ (k1B andfX\[X]B

If K isnot avalid-axisfor B, signal axis-error.

Otherwise, set K1 to theinteger-nearest-to k.

If B isavector,

If the count of B islessthan two, return B.

Otherwisereturn Z, avector such that the shape-list of zZ isthe shape-list of B,
and theravel-list of Z issuch that item I of therave-list of Z isf/B[.I] for
al I intheindex-set of therave-list of B. Thetype of Z isthe sufficient-type
of theravel-list of Z under thetype mixed.

If therank of B isgreater-than one, each vector-item along-axisk 1 of Z isf\B1,
where B1 isthe corresponding vector-item along-axisk 1 of B.

Examples:
+\1 1 1

123
AM\111000111

111000000
“\'A4"'

=\'AB'

Additional Requirement:
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If the operator reduction signals an error when called by scan, scan returns the resultant
error token.

The evaluation sequence above describes a quadratic algorithm for scan. If the function f
isassociative, scan may be implemented with alinear algorithm.

Note: Variouserror checks have been performed on k by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.

120 APL Extended — DI'S 8485(1997)

1 May 1997 at 23:52



9.2. MONADIC OPERATORS
9.2.3 N-wise Reduction

Z <« N/ B
Z « N r/[K] B
Z « N r+ B
Z « N r/lK] B

Informal Description: N-wise reduction is the dyadic invocation of a function derived
by reduction. Z isthe value produced by placing the primitive scalar dyadic function
f between subarrays of B and evaluating the resulting expression. If v is negative the
subarrays are reversed before application of f. Each subarray has length ¥ aong a
common dimension. The axis designated determines how the subarrays are chosen.
Usesindex-origin.

Evaluation Sequence:

If therank of v isgreater-than one, signal rank-error.
If the length of the ravel-list of v isgreater-than one, signal length-error.
If v isnot anear-integer, signa domain-error.
Set V1 totheinteger-nearest-to .
Set M1 to the magnitudeof v 1.
If f isnot adyadic-function, signal syntax-error.
For formny f/B
If Bisascalar,
If M1 isgreater-than two, signal domain-error.
If M1 iszero, set R to two and take the action designated in Table 6 for R and f.
Otherwise, return (2-M1) o B.
Otherwise, return ¥ f [ppB] B evaluated withindex-origin set to one.
For form v f#B
If Bisascalar,
If M1 isgreater-than two, signal domain-error.
If M1 iszero, set R to two and take the action designated in Table 6 for R and f.
Otherwise, return (2-M1) o B.
Otherwise, return v f [1] B evauated with index-origin set to one.
Forformsn f/ (k] BandnNf/[K] B
If K isnot avalid-axisfor B, signal axis-error.
Otherwise, set K1 to theinteger-nearest-to k.
If B isavector,
If M1 isgreater-than one plusthelength of B, signal domain-error.
If M1 iszero, set R to oneplusthelength of B and take the action designated in
Table6 for R and f.
Set B1 to M1 takeB.
If N1 islessthan zero,
set B2 to $B1
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otherwise set B2 to B1.
If M1 equalsthelength of B, returnf/B2.
Otherwise,

Set B3 tof/B2.

Set By toonedrop B.

Return B3, N f / Bu.

If therank of B isgreater-than one, returnan array 2z such that the shape-list of
Z isthe shape-list of B with item k1 replaced by one plus the value of item K1
minus M1, and the ravel-list of Z has the property that if Z1 is the vector-item
along-axisk 1 of Z and B3 isthe corresponding vector-item along-axisx 1 of B,
thenz1isnf/B3.

Examples:

0+/1 2 3
0000

1+/1 2 3
12 3

2+/1 2 3

3+/1 2 3
U+/1 2 3

2-/1 4 9 16 25

37577 79
“2-/1 4 9 16 25
3579
“3-/12 3456 7
2 3 456
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Dyadic Function

Plus
Minus
Times
Divide
Residue
Minimum
Maximum
Power

Logarithm
Circular
Binomid
And

Or

Nand

Nor
Less

Not greater
Equal

Not less
Greater

Not equal
al others

IN AN LR <

AV \VAR ||

N

Action

Return R reshape zero.
Return R reshape zero.

Return R reshape one.
Return R reshape one.

Return R reshape zero.

9.2. MONADIC OPERATORS

Return R reshape positive-number-limit.
Return R reshape negative-number-limit.

Return R reshape one.

Signa domain-error.
Signa domain-error.
Return R reshape one.
Return R reshape one.

Return R reshape zero.

Signa domain-error.
Signa domain-error.

Return R reshape zero.

Return R reshape one.
Return R reshape one.
Return R reshape one.

Return R reshape zero.
Return R reshape zero.

Signa domain-error.

Table 6: Actionsfor the N-wise Reduction of an Empty Vector.
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9.24 Duplicate

7z« f=B
Informal Description: Z isB f B.

Evaluation Sequence:

Return B f B.
Example:
0o.<~N3
111
011
001

Note: If f isnot an ambivalent-function, a valence-error will be signalled.

9.25 Commute

7z «Af=B
Informal Description: Z isBf 4.

Evaluation Sequence:

Return B f 4.
Examples:
3-~4

+/2%x~2 2p4 7 1 8
65 65
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9.26 Each

z «f" B
z «Af" B

Informal Description: The operand functionf isapplied independently to corresponding
items of the arguments, or (monadic case) independently to the items of the argument.
The corresponding resultsare assembl ed inan array of the same shape astheargument(s).

Evaluation Sequence:

For form 4f"B:
If therank of A differsfrom therank of B,
If A isascalar or one-element-vector and B isnot ascalar, set A to (pB) pA.
Otherwise,
If B isascalar or one-dement-vector, set Bto (pA4)pB.
Otherwise, Signal rank-error.
If the shape-list of 4 differsfrom the shape-list of B, Signal length-error.
For both forms:
If B isnot empty, Signal domain-error.
Create 7, an array having the same shape-list as B.
For each I intheindex-set of therave-list of z:
For form ™ B,
Set X toitem I of therave-list of B.
Evaluate-M onadic-Function with fx givingtoken T.
For form 4f"B,
Set X toitem I of therave-list of 4.
Set ¥ toitem I of therave-list of B.
For each pair X and ¥ of correspondingitemsfrom 4 and B, Evaluate-Dyadic-
Function with xfy givingtoken T.
If T isan error, return T.
Set @ tothecontent of T.
Setitem T of therave-list of Z asfollows:
If Q isasimple-scalar, thefirst-item of theravel-list of Q.
Otherwise, Q.
If dl items of therave-list of zZ arenil, return nil.
If al items of therave-list of Z are values, return Z.
Otherwise, signa value-error.

Example:

o <’AB’,c’CDE
2 3
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9.3 Dyadic Operators

9.3.1 Outer Product

Z « A o.fB

Informal Description: Z isan array of shape (pA) , pB. The elements of Z are the result
of applying the dyadic-function f to every possible combination of scalar arguments
where the left argument isan element of 4 and theright an element of B.

Z issuchthat if T isanindex-list that selectsasingleelement of z, thefirst 0 4 items of
I aretheindex-list that would select from 4 the element used as the left argument to f
and the last o B itemsof I are the index-list that would select from B the element used
as the right argument to f when producing the selected element of Z.

Evaluation Sequence:

If f isnot adyadic-function, signal syntax-error.
Return z, an array such that the shape-list of Z is (p4) , o B, and theravel-list of Z
has the following property:
Let T stand for an item of theindex-set of theravel-list of 4.
Let 7 stand for an item of theindex-set of theravel-list of B.
Let X stand for item T of theravel-list of 4.
Let v stand for item 7 of theravel-list of B.
Let v stand for the count of B.
Let pstand for J+ (Nx(I-1)).
SetQtoxfy.
If Q isasimple-scalar, set @1 to thefirst-item of theravel-list of q.
Otherwise, set Q1 to Q.
Then, item P of theravel-list of ZisQ1.
Set thetype of Z to the sufficient-type of theravel-list of Z under mixed.

Example:

10 20 30 o.+ 1 2 3
11 12 13
21 22 23
31 32 33

Additional Requirement:

If the dyadic-function f signalsan error, outer product returns the resulting error token.
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9.3.2 Inner Product

7« Af.gB

Informal Description: Zisanarrayof shape (pA) [107 1+pp4], (pB)[1+10 1+ppB].
The elements of Z are the results obtained from eval uating the expression f/ xgy for all
possible combinationsof X and ¥, where X isavector-item along-axispp4 of 4 and ¥
avector-item along-axisone of B.

Evaluation Sequence:

If either f or g isnot adyadic-function, signa syntax-error.
If 4 isascalar or one-element-vector and Bisnot, set A1 t0 (1ppB) pA.
If 4 and B are scalarsor one-element-vectors, set 41 to , 4.
Otherwise, set 41 to 4.
If Bisascalar or one-element-vector and A isnot, set B1 10 (pA4) [ppAlpB.
If 4 and B are scalarsor one-element-vectors, set B1 to , B.
Otherwise, set B1 to B.
If thelast-item intheshape-list of 4 1 isnotthesame asthefir st-item inthe shape-list
of B1, signal length-error.
If 41 and B1 are both vectors, returnf/A1 g B1.
Otherwise, st z to an array such that the the shapelist of z is
(pA1)[10 1+ppA41],(pB1)[1+10[ 1+ppB1] and the rave-list of Z has
the following property:
Let T stand for an item of theindex-set of theravel-along-axis (ppA1) of A1.
Let x stand for vector-item I of theravel-along-axis (pp41) of A1.
Let 7 stand for an item of the index-set of the ravel-along-axisoneof B1.
Let ¥ stand for vector-item J of theravel-along-axisone of B1.
Let ¥ stand for the number-of-itemsin the ravel-along-axisoneof B1.
Let pstandfor (Nx(IT-1))+d.
Setgtof/xgy.
If Q isasimple-scalar, set @1 to thefirst-item of theravel-list of Q.
Otherwise, set @1 t0 Q.
Then, item P of theravel-list of ZisQ1.

Set thetype of Z to the sufficient-type of Z under mixed.

Return Z.
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Examples:

b 2 1+.x1 0 1

N22+.x0 1
12 22
N22+.x1 0
11 21
N22+.%x2 2p0 1 1 0
12 11
22 21

Additional Requirement:

If scalar-function f or g signalsan error, inner product returns the resulting error token.

Note: The evaluation sequencerulefor when 41 and B1 arevectorsholdsif 41 or B1 isthe empty
vector. Theresult returnedisf/ 1 0.

The type of the result of inner product is numeric only because all permitted argument functions
return numeric results.
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9.3.3 Rank operator definitions

The following definitionsare used in connection with the rank operator:

cell: Thelast k itemsof the shape-list of an array determinerank-k celsof thearray.

frame: For an array of rank r, its frame with respect to its cells of rank k isther—k
leading elements of itsshape-list.

conform: The shape of aresult is the frame of the argument (relative to the cells to
which the function applies) catenated with the shape of theindividual results produced
by applying the function to the individua cells. If the results do not agree in shape
they are brought to a common shape as follows:

If the ranks differ, they are brought to a common maximum rank by reshaping each
individual result to introduce leading unit lengths.

If theindividual shapes differ (after being brought toacommon rank), each isbrought
to a common shape by using take on each individual result, using as the argument
to take the shape which is the maximum over the shapes.

rank-vector: Thisistheright argument of therank operator, and it isused to specify the
rank of the cells to which the function left argument is to be applied. For the monadic
case of a function thisis a single value. For the dyadic case of a function it isin
genera atwo-element vector, thefirst el ement specifying therank of thecells of theleft
argument, and the second el ement specifying the rank of the cells of theright argument
to which the function isto be applied. If only asingle valueis supplied for the dyadic
case of afunction, it is used to specify the cells of both the left and right arguments to
which thefunctionwill be applied. In genera, for an arbitrary function, therank vector
isathree-element vector, with the elements referring to the monadic rank, and the two
dyadic ranks, in order. No matter whether a one-, two-, or three-element vector v is
supplied as the rank vector, the expression ¢ 3o ¢ v produces a canonica rank-vector of
three elements, in which thefirst eement defines the monadic rank, the second el ement
defines the dyadic |eft rank, and the third e ement defines the dyadic right rank.
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9.34 Rank operator deriving monadic function

z«fsyB

Informal Description: The result of f < y isafunction which, when applied to B, returns

Zy

the result of applying the function f to therank-y cells of B.

Evaluation Sequence:

If yisascalar, setylto,y. Otherwisesetyltoy.

If ylisnot avector, signa domain-error.

If y1 has more than three e ements, signal length-error.

If any element of y1 isnot anear-integer, signal domain-error.

Sety2to ¢3p ¢yl

Set y3to thefirst-item iny2.

Set y4 to theinteger-nearest-to y3.

If y4 exceeds therank of B, set y5totherank of B, otherwise set y5 to y4.

If y5isnegative, set y6 to o ry5 plustherank of B, otherwise set y6 to y5.

Apply f to therank-y6 cdlsof B.

Conform theindividual result cells. Let their common shape after conforming be g,
and let p be the frame of B with respect to f, that is, (rank of B) minusy6, and
return the overall result with shapep, g.

Examples:

,o2 N233

111 112 113 121 122 123 131 132 133
211 212 213 221 222 223 231 232 233

§o2 N233

111 121 131
112 122 132
113 123 133

211 221 231
212 222 232
213 223 233

[EE N

130

150 N3

N N O
w O O
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9.3.5 Rank operator deriving dyadic function

7« AfSyB

Informal Description: The result of f 5 y is a function which, when applied dyadically
between A and B, returns Z, theresult of applying the functionf between therank-I cells
of 4 and therank-r cellsof B, wherel and r aregiven by y.

Evaluation Sequence:

If yisascalar, setylto,y. Otherwisesetyltoy.
If ylisnot avector, signa domain-error.
If y1 has more than three el ements, signal length-error.
If any element of y1 isnot anear-integer, signal domain-error.
Set each element of y2 to the integer-nearest-to each corresponding element of y1.
Sety3to ¢ 3pdy2.
Set y4 to the second element of y3.
Set y5 to the third element of y3.
If y4 exceeds therank of 4, set y6 totherank of 4, otherwise set y6 to y4.
If y5 exceeds therank of B, set y7 totherank of B, otherwise set y7 to y5.
If y6isnegative, set y8 to the maximum of zero and y6 plustherank of 4, otherwise
set y8to y6.
If y7isnegative, set y9 to the maximum of zero and y7 plustherank of B, otherwise
sety9toy7.
Set y10 to the shape of 4 with thelast y8 items removed.
Set y11 to the shape of B with thelast y9 items removed.
Execute the indicated action for whichever of the following casesistrue:
Casey10 and y11 are empty:
Set A1to4 and B1 to B.
Case y10 isempty and y11 is nonempty:
Set 41 to A conform toB and B1 to B.
Case y10 isnhonempty and y11 is empty:
Set 41 to4 and B1 to B conform to 4.
Case y10 and y11 are nonempty:
If y10 isnot the same length asy11, signa arank-error.
If y10 does not match y11, signal alength-error.
Set A1to4 and B1 to B.
Apply f between each rank-y8 cell of 41 and each rank-y9 cell of B1.
Conform theindividual result cellsto give the overall result.
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Exampl

ABC
BCA
CAB

= B, O O O
O OB »r O

122
142
162

222
242
262

[N
N

11
121

21
31

132

€S

0 1 2d50 1 '"ABC!

2 2 2751 0 N5

kO R O R

N34+3s2 N234

124
14y
164

224
2Ly
264

126
146
166

226
246
266

128
148
168

228
248
268

N3,51 N3u

3 11 12 13 14
32122 23 24
3 31 32 33 34

N2,50 2 N34

12
22
32

12
22
32

13
23
33

13
23
33

14
2u
3L

14
24
34
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Mixed Functions

10.1 Monadic Mixed Functions

10.1.1 Roll

Z « 7 B

Informal Description: z, for B a scalar integer, isindex-origin plus R, where R is an
integer selected pseudorandomly from the set of all nonnegative integers less than B.
Each integer in the set has an equal chance of being selected. Usesindex-origin. Uses
and setsrandome-link.

Evaluation Sequence:

If index-originisnil, signal implicit-error.

If random-link isnil, signd implicit-error.

Let 7 stand for item I of theravel-list of B.

If B is not scalar, return a numeric array Z such that the shape-list of Z isthe
shape-list of B and, for al T inthe index-set of the ravel-list of z, item I of the
ravel-list of Z is 2.

If B isnot anear-integer, signa domain-error.

Set B1 totheinteger-nearest-to B.

If B1 isnot apositive-integer, signal domain-error.

Using the implementation-algorithm pseudorandom-number-generator, whose
only inputsare B1 and random-link, set Zo to anonnegative-integer less-than B1,
then set random-link to anew value.

Return zo plusindex-origin.
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Examples:
7111
111

S<[0RL
?4Lp1FE30
1.69584F29 2.5949FE29 5.38382E29 8.38274E29
ORL<S
?4Lp1FE30
1.69584F29 2.5949FE29 5.38382E29 8.38274E29

(?71E20 1F20)=+1E20
0.218959 0.678865

Additional Requirement:

The operation of roll isatomic: If roll signals an error, random-link shall be unchanged.
Theresult of 7B, where B isan array, shall be reproducible.

A conforming-implementation shall provide documentation describing the properties of
its pseudorandom-number-gener ator.

Note: One class of appropriate algorithms is Lehmer’s linear congruential method, described in
Knuth, D. E., Seminumerical Algorithms, page9.

Roll is often considered a scalar function. However, it does not have the property that the elements
of its result array can be producedin parallel.
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10.1.2 GradeUp

7 « A B

Informal Description: Z is, for B a vector, a permutation of 1pB for which B[Z] isa
monotone increasing sequence. The indices of identical elements of B occur in Z in
ascending order. If B isamatrix, 4 B gradestherows, that is, it grades the base value
of therows, using a base larger than the magnitude of any of the elements. Higher rank
arguments are graded as if their mgjor cellswere ravelled. Usesindex-origin.

Evaluation Sequence:

If index-originisnil, signal implicit-error.
If therank of B iszero, signa rank-error.
If B iszero, return 1 0.

If any item of theravel-list of B isnot anear-real number, signal domain-error.
Otherwise, set B1 to an array having the same shape as B, and with each element
having the value of the real-number nearest to that of the corresponding el ement of
B.
If thefirst-item of p B isone, return a one-element-vector Z such that the type of 2
isnumeric and therave-list of Z containsindex-origin.
Set K tothelength of thefirst axisof B1.
If B1 isavector, set B2 toB1.
Otherwise,
SetMto1+2x[/|B1.
Set B2 to alist with k items, where item T is determined as follows:
Set B3 to theravel-list of subarray I aong the first axisof B1. Set B2[I] to
M1B3.
Generate 7 1, a permutation of 1 ¥ such that for I and 7 elements of 1 ¥ for which 1
isless-than 7,
B2[Z4[I]] isnotgreater-than B2[Z1[J]1] and
B2[Z1[I]] equalsB2[Zz1[J]] impliesthat Z1[I] islessthan z1[J].
Generate Z, a numeric array with the shape-list of Z1 such that each item of the
ravel-list of z is(index-origin minusone) plusthe corresponding element of Z1.
Return Z.
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Examples:

W W N W

2

— Inthefollowing example, index-origin is zero.

.1

BN N R

1

AV «1.1 3.1 1.1 2.1 5.1
425

MY
235

VIAV]

1.1 2.1 3.1 5.1

B

£ o 0 F

AB
4 3

AB

1032

Additional Requirement:

The system-parameter comparison-toleranceisnot an implicit argument of grade up.
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10.1.3 GradeDown

7 « VB

Informal Description: Grade down is like grade up except that the mgjor cells are in
descending order.

Evaluation Sequence:
Return A-B.
Examples:

V<«1.13.11.12.15.1
vV
52413
VIyV]
5.1 3.1 2.1 1.1 1.1
B

W w N W
BN N R
£ o 0 F

yB
3142

— In thefollowing example, index-origin is zero.
VB

2 031

Additional Requirement:

The system-parameter comparison-toleranceisnot an implicitargument of gradedown.

Note: Grade up and grade down are stable sort algorithms because they preserve the relative
order of identical elementsof B.

One appropriatealgorithmfor grade up and down appearsin Woodrum, L. J., I nternal Sorting with
Minimal Comparing, IBM System Journal, \Vol. 8, No. 3, p.189, 1969.
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10.14 Reverse

7 « ¢ B

7/ < e B

4

Z $[K] B

Z < e[K] B

Informal Description: Z isan array whose elements are those of B taken in reverse order
along a specified axis. Usesindex-origin

Evaluation Sequence:

For form ¢ B
If Bisscalar, return B.
Otherwise, return ¢ [ppB] B, evaluated with index-origin set to one.
For formeB
If Bisscalar, return B.
Otherwise, return ¢ [1] B, evaluated with index-origin set to one.
Forforms¢ (k] Bande[K] B
If K isnot avalid-axisfor B, signa axis-error.
Otherwise, set K1 to theinteger-nearest-to x.
If Bisavector, return B[ (1+pB) - 1pB], evduated with index-origin set to one.
Otherwise, returnan array z, such that thetype of z isthetypeof B, the shape-list
of Z isthe shape-list of B, and the rave-list of Z has the property that each
vector-item along-axis K1 of Z is ¢ applied to the corresponding vector-item
along-axisk 1 of B.

Examples:

dN23
13 12 11
23 22 21

d[2] N22u
121 122 123 124
111 112 113 114

221 222 223 224
211 212 213 214

Note: Variouserror checks have been performed on X by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.
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10.1.5 Monadic Transpose

7 < 4§ B
Informal Description: Z is B with the order of the axes reversed.
Evaluation Sequence:
Return (¢ 1ppB) §B, evaluated with index-origin set to one.
Examples:
83

Pp&3

QN23
11 21
12 22
13 23

QN234
111 211
121 221
131 231

112 212
122 222
132 232

113 213
123 223
133 233
114 214
124 224
134 234

Note: This subsection contains a forward referenceto dyadic transpose.
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10.1.6 Matrix Inverse

Z « HB

Informal Description: Z is the result of applying a generalisation of the matrix inverse
functionto B. Matrix inverseis matrix divide with an appropriateidentity matrix as a
left argument.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
Return ((2p1ppB)p1, (1ppB)p0) HB.

Note: This subsection contains a forward referenceto matrix divide.
Thefollowing article describesthe motivation for matrix inverseand an acceptable algorithm.

Jenkins, M. A,, Domino—An APL PrimitiveFunction for Matrix | nver sion—Itsl mplementation
and Applications. APL Quote-Quad Vol |11 No. 4, February 1972, pp. 4-15.
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10.1.7 Execute

7 < ¢ B

Informal Description: Z istheresult of evaluating the character scalar or vector B as a
line of APL.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.
If any item of theravel-list of B isnot a character, signal domain-error. Generate
anew context in which
mode is execute,
current-lineistherave-list of B,
current-functioniso op' ',
current-line-number isone,
current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
Append the new context to the state-indicator of the active-workspaceasanew first
item.
Set Z to evaluate-line,
Remove thefirst context from the state-indicator.

Return Z.
Examples:
o1 <31
T
3
O<«e ' T<3!
3
A<o !
value-error

Note: If anerror is signalled during execute, the user should be able to determine from information
provided by the system where the error occurred in the argument of execute as well as where the
failing execute primitive occurredin the immediate-execution or defined-function line.
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10.1.8 Unique

7 < UB

Informal Description: B must be avector or scalar. Z isa vector of the same typeasB,
containing one copy of each uniqueitem in B. The order of theitemsin Z is the order
they first occur in theravel of B. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil signal implicit-error.
If therank of B isgreater-than one, signal rank-error.
Set B1 to an empty-list of thetypeof B.
Set B2 to theravel-list of B.
Repeat:
If B2 isempty, return B1.
Set T to the vector-item one of B2.

Append T to B1.
Remove from B2 all itemstolerantly-equal-to T, within comparison-tolerance.

(End of Repeated Block).

Examples:

u2 7 1828 18284590449

27184590
U'MISSISSIPPI'
MISP
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10.19 First

Z <« 4+ B

Informal Description: Z isthe first item of B in row-major order. If B is empty, the
typical-element of B isreturned.

Evaluation Sequence:

Return first-thingy of B.

Examples:
+ 1 BEATA"
B
pp+'BEATA!
0
ANW32
111

+4 5p(c'OSCAR'"),(<c'BEATA")
O0SCAR

10.2 Dyadic Mixed Functions

10.2.1 Join Along an Axis

Z « A ,[K] B

Informal Description: Z isformed by joining A and B aong a designated axis. There are
two suboperations, catenate and laminate. The catenate suboperation joins the arrays
along an existing axis, the laminate suboperation along a new axis. The choice of axis
and the choice of operation is determined by «: if X is anear-integer, the operation is
catenate and the axisis k; if X isnot anear-integer, the operation islaminate, the new
axisis Mk, and the axes greater than or equal to 7 X are renumbered. Usesindex-origin.

Evaluation Sequence:

If K isnot anear-integer,
If 4isascalar,set 4110 (pB)pA.
Otherwise, set A1 t0 A.
If Bisascalar,set B1t0 (p4)pB.
Otherwise, set B1 to B.

If therank of 41 differsfromtherank of B1, signa rank-error.
If K isnotintheopen-interval-between zero and (oneplustherank of 41), signal
axis-error.
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If the shape-list of 41 differsfrom the shape-list of B1, signal length-error.

Set Tto (1,p041)[AK,1ppA1].

Set A2 t0TpA1.

Set B2 t0 TpB1.

Return 42, [Tk] B2, evauated with index-origin set to one and with
comparison-tolerance set to integer-tolerance.

If K isanear-integer, evaluate the following with comparison-tolerance set to zero:
If both 4 and B are scalars, signal axis-error.
Set K1 totheinteger-nearest-to k.
If K1 isnotinthe closed-interval-between one and the larger of therank of 4 and
therank of B, signa axis-error.
If Aisascalar,set 4110 ((pB)*K1#1ppB)pA.
Otherwise, set 41 to 4.
If Bisascalar,set B1t0 ( (pA)*K1#1ppA)pB.
Otherwise, set B1 to B.
If therank of B1 minustherank of 41 isone,
SsetA2t0(1,p041)[AK1,1ppA1]pAL.
Otherwise, set 42 to A1.
If therank of 41 minustherank of B1 isone,
setB2to(1,pB1)[AK1,1ppB1]pB1.
Otherwise, set B2 to B1.
If therank of 42 differsfromtherank of B2, signa rank-error.
If any axisof 42 except axisk 1 differsfrom the corresponding axis of B2, signal
length-error.
If B2 isempty, return ( (p42)+(pB2)xK1=1ppB2)pA2.
If 42 isempty, return ( (p42)+(pB2)xK1=1ppB2)pB2.
If A2 and B2 arevectors, return A2 , B2.
Otherwise, return Z, an array such that the
shape-list of Z is (p42)+(pB2)xK1=1ppB2 and the ravel-list of z has the
property that each vector-item along-axis k1 of Z is 43,B3, where 43 isthe
corresponding vector-item along-axis k1 of 42 and B3 is the corresponding
vector-item along-axis k1 of B2. The type of Z is the sufficient-type of the
ravel-list of Z under thetype mixed.
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Examples:

O«M<2 3p'A!

ANA
ANA
J<«H<3 3p'o!
[eXeXe]
[eXeXe]
[eXeXe]
M,[1]H
ANA
ANA
[eXeXe]
[eXeXe]
[eXeXe]
O«L<2 up'Qd’
0ooo
0ooo
M,L
AAADDDO
AAADDDO
M’ l+l
ANA+
ANA+
M, '3y
AAA3
ANAY
M,[1]'345"
ANA
ANA
345
12 3,[.5] 4+ 56
1
4 5
12 3,[1.5]4 5 6
1
2
3
12 3,[1.5]4
14
2
3
(2 0p5),'A"
A
A
p3,[.5]"!
20
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Note: Variouserror checks have been performed on k by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.

10.2.2 Index of

Z « A 1B

Informal Description: Z isanumericarray of shapep B. Eachelement of Z istheleastindex
in 4 of avaluetolerantly-equal within comparison-toleranceto the corresponding item
of B. Usesindex-origin. Uses comparison-tolerance.

Evaluation Sequence:

If index-originisnil, signal implicit-error.

If comparison-toleranceisnil, signa implicit-error.

If 4 isnot avector, signa rank-error.

Set Z to+/A\Bo .24, evaluated with the current value of comparison-tolerance.
Return Z plusindex-origin.

Examples:

Note: In the following example, index-origin is zero.
O<«4<«2 2p1.1 3.1 5.1 4.1

1.1 3.1
5.1 4.1
3.1 4.1 5.114
3
2
"ABC'13
3

Note: In the following example, index-origin isone.
'"123ABC"1"3BD'
357
'"123ABC"13
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10.2.3 Member of

Z « A e B

Informal Description: Z isaBoolean array with the shape of 4. An element of Z isone
if the corresponding element of 4 istolerantly-equal to some element of B; otherwise,
itiszero. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signa implicit-error.
Returnv /4. . =, B, evaluated with the current value of comparison-tolerance.

Examples:

0«B<+2 2p1.1 3.1 5.1 4.1
1.1 3.1
5.1 4.1

3.15.1 7.1 €B
110

19¢'CLUB'

'"BE' €'"BOP'
'"NADA'"€10
0000

(r/10)el/10
0

Note: If B isempty, theresultof 4eBis (p4)po0.
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10.2.4 Deal

Z « A ?B

Informal Description: Z isindex-origin plus R, where R isa vector of shape A obtained
by making 4 pseudorandom sel ections without replacement from the set of nonnegative
integersless than B. Usesindex-origin. Uses and sets random-link.

Evaluation Sequence:

If index-originisnil, signal implicit-error.

If random-link isnil, signd implicit-error.

If therank of 4 or therank of B isgreater-than one, signa rank-error.

If either of 4 or B isneither ascalar nor a one-element-vector, signal length-error.
If either of 4 or B isnot anear-integer, signal domain-error.

Set 41 totheinteger-nearest-to A.

Set B1 totheinteger-nearest-to B.

If either of 41 or B1 isnot anonnegative-number, signal domain-error.

If 41 isgreater-than B1, signa domain-error.

If 41 iszero, return 1 0.

Using theimplementation-algorithm deal, generate anumeric vector Zo of length
A1 whose eements are selected in a pseudorandom fashion without duplication
from the integersin the closed-interval-between zero and B1 minusone, then set
random-link to anew value.

Return zZo plusindex-origin.

Example:

127300
2 3 42 94 70 105 215 9 110 298 201 5

Additional Requirement:

The selection of elementsin Z is pseudorandom (see the operation roll). The elements of
Z, their order, and the new value of random-link are determined by an implementation-
algorithm whose only inputs are A1, B1 and random-link. The operation of deal is
atomic: if deal signals an error, random-link shall be unchanged. The result of 473,
where 4 and B are arrays, shall be reproducible.
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10.2.5 Replicate

Z « A/ B
Z « A+ B

Z

4

A /[K] B

Z

4

A #[K] B

Informal Description: Z isan array formed by replicating the subarrays, a ong a specified
axisof B, thenumber of timesindicated by the corresponding el ement of thenear-integer
vector or scalar 4. Usesindex-origin.

Evaluation Sequence:

If 4isascalar,setA11t0,A4.
Otherwise, set A1 t0 A.
If Bisascalar, set B1t0 (pA1)pB.
Otherwise, set B1 to B.
For form4/B
Return A1/ [ppB1] B1 evauated withindex-origin set to one.

For form 4+B
Return A1/ [1] B1 evauated with index-origin set to one.

ForformsA/[k] BandA#([K] B
If K isnot avalid-axisfor B1, signa axis-error.
Otherwise, set K1 to theinteger-nearest-to k.
If therank of A1 isgreater-than one, signd rank-error.
If the count of 41 isone, set A2 t0 (pB1) [K1]pA1l.
Otherwise, set A2 to A1.
If pA2 isnotthesameas (pB1) [K1], signal length-error.
If any item of theravel-list of 42 isnot anear-integer, signal domain-error.
Set A3 totheinteger-array-nearest-to 42.

If any item of the ravel-list of A3 isnot a nonnegative-integer, signa domain-
error.
If B1 isavector,
If every item of 43 isnear-Boolean return B1 [ (+/A43)pVA3].
Otherwise, return B1 [ ( ,43¢.21[/0,4A3)/,(1pB1)o.+0x1[/0,A3].
Otherwise, return an array Z such that
Theshape-listof Zis((Kiz1ppB1)*xpB1)+(K1i=1ppB1)x+/A3,evauated
with comparison-tolerance set to zero,
Theravel-list of Z hasthe property that if Z2 and B2 are corresponding vector-
itemsalong-axisk 1 of Z and B1 respectively, then 22 is4A3/B2.
Thetypeof Z isthe sufficient-type of therave-list of Z under thetype of B.
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Examples:

101/ 123
1/ 123
12 3
3 21/1 2 3
111223
10 1/ 2

0010010 /[2] N2714
1311 1312 1313 1314

1611 1612 1613 1614
2311 2312 2313 2314

2611 2612 2613 2614

pl/1
1

pp(,1)/2
1

3 4/1 2

1112222

Note: Variouserror checks have been performed on k by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.

Note: If the left argument is boolean, the function may be called compr ess.

Note: 1/A4 for ascalar 4, returnsa vector.
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Z < A\[K] B
Z <« A X[K] B

Informal Description: Z is, for anear-Boolean scalar or vector 4, an array of the same
type as B containing subarrays of B along a specified axis.

For vector B, Z issuchthat 4/ A\BisB and, if P isthetypical-element of B, (~4) /A\B
is(+/~A)oP;smilarly, A/ [K1A\[KIBisB, A7A\XBisB,and (~A)/[KJA\[K]B
and (~4) #A\B are arrays of thetypical-edement of B. Usesindex-origin.

Evaluation Sequence:

If therank of 4 isgreater-than one, signal rank-error.
If any item of theravel-list of A isnot anear-Boolean, signal domain-error.
Set A1 to the Boolean-array-nearest-to , 4.
If Bisascalar,setB1t0o (+/41)pB.
Otherwise, set B1 to B.
For form 4\B
Return A1\ [ppB1] B1 evauated withindex-origin set to one.
For form 4xB
Return A1\ [1] B1 evauated with index-origin set to one.
For forms 4\ (K] BandAN[K] B
If K isnot avalid-axisfor B1, signa axis-error.
Otherwise, set K1 to theinteger-nearest-to k.
If (oB1)[K1] differsfrom+/41,signa length-error.
Return an array Z such that
thetypeof z isthetypeof B,
the shape-list of Z is ((K1#1ppB1)xpB1)+(K1=1ppB1)xpA1, evauated
with comparison-tolerance set to zero, and
theravel-list of Z hasthe property that 41/ [k1]ZisB1 and (~41)/[K1]Z
isan array consisting entirely of the typical-element of B.

Note: Variouserror checks have been performed on X by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.
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Examples:

101 \13
10 3
1110 1 \'"ABCD'
ABC D
10 1\2
2 0 2
1 0 1\[2] 2 2 p'"ABCD'

101 1\1 2 3
102 3

10 1 13
3033

0 1\3 1 p3.14 2E17 u7

3.14E0
2.00F17
T4L.70F1

o O O

0 0\5

1 01 0\[2] N22u
111 112 113 114
0 0 0 0
121 122 123 124
0 0 0 0

211 212 213 214
0 0 0 0

221 222 223 224
0 0 0 0
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10.2.7 Rotate

Z <A ¢ B
Z <« A e B
Z <« A ¢[K] B
Z <« A e[K] B

Informal Description: Z isan array of the same type and shape as B in which elements
have been shifted cyclically along a specified axis. The amount and direction of shiftis
controlled by A. Usesindex-origin.

Evaluation Sequence:

Forform4 ¢B
If Bisascalar and 4 iseither ascalar or avector of length one,
If any item of theravel-list of A isnot anear-integer, signal domain-error.
Otherwise, return B.
Otherwise, return4 ¢ [ppB] B evauated withindex-origin set to one.
Forform4 eB
If Bisascalar and 4 iseither ascalar or avector of length one,
If any item of theravel-list of A isnot anear-integer, signal domain-error.
Otherwise, return B.
Otherwise, return4 ¢ [1] B evaluated withindex-origin set to one.
Forforms4 ¢[k] BandA e[K] B

If K isnot avalid-axisfor B, signal axis-error.

Otherwise, set K1 to theinteger-nearest-to .

If 4 isascalar, set A1 t0 ((Ki#1p0pB)/pB) oA, evauated with comparison-
tolerance set to zero.

Otherwise, set 41 to 4.

If 41 isaone-element-vector and B isavector, set 42 t0 (10)pA1.

Otherwise, set 42 to A1.

If therank of B minustherank of 42 isnot one, signa rank-error.

If the shape-list of 42 isnot the same as the shape-list of B with axis k1 omitted,
signa length-error.

If any item of theravel-list of 42 isnot anear-integer, signal domain-error.

Set 43 totheinteger-array-nearest-to 42.

If 43 isascalar and B isavector, return B[ 1+ (pB) | “1+43+1pB] evauated
with comparison-tolerance set to zero.

Otherwisereturn Z, an array such that theshape-list of Z isthe same as the shape-
list of B, thetype of Z isthe same asthetype of B, and theravel-list of Z hasthe
property that if Zo isavector-item along-axisk1 of Z, 40 isthe corresponding
item of 43, and Bo isthe corresponding vector-item along-axisx 1 of B, then Zo
iISA0 $BO.
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Examples:

361 2 3 4 5
45123
T161 2 3 4 5
512 3 4
“76'"ABCDEF'
FABCDE
1eN33
21 22 23
31 32 33
11 12 13
16 [1]N33
21 22 23
31 32 33
11 12 13
12 36N34
12 13 14 11
23 24 21 22
34 31 32 33
N23¢[2]N243
141 112 123
111 122 133
121 132 143
131 142 113

221 232 243
231 242 213
241 212 223
211 222 233

Note: Variouserror checks have been performed on k by the phrase evaluators, and index-origin is
one, beforethis evaluation sequenceis called.
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10.2.8 BaseValue

Z « A 1B

Informal Description: Z is, for 4 and B numeric vectors, anumber produced by regarding
B astherepresentation of anumber inthe mixed radix number system specified by A. If 4
or B isan array of rank greater than onethevalueislikeinner product: each vector-item
along the last axis of 4 isapplied to each vector-item aong thefirst axisof B.

Evaluation Sequence:

SetAo0to1p¢1,pA.

SetBoto1p(pB), 1.

If 40 differsfrom Bo,
If 4 isascalar or one-element-vector, return (Bop4) 1B.
If B isascalar or one-element-vector, return A1 A0p B.
Otherwise, signa length-error.

If 40 isthesame as BO,
If any item of theravel-list of 4 isnot anumber, signal domain-error.
If any item of theravel-list of B isnot anumber, signal domain-error.
Return (¢& ($pA)p&x\$pA,1)+.xB.

Examples:
1011 2 3
123
24 60 60 11 2 3
3723
O<A<«2 3p10 10 10 12 60 60
10 10 10
12 60 60
0«B<«3 2p1 4 2 5 3 6
14
25
36
AL1B
123 456

3723 14706

~.001 10 1011 2 3
123

60 11 2 3
3723

T3

TA'110
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Note: The shape requirementsof 4 and B are intentionally stricter in this definition than in several
existing systems. Specifically, this standard does not require that if the last axis of 4 is one it be
replicated to match thefirst axis of B, or that if the first axis of B isone it be replicated to match the
last axisof 4.

The first element of each left argument has no actual effect on the result of base value, but permits
use of the same left argument for base value and representation. If 4 is a positive numeric vector and
B anon-negativenumeric scalar suchthat B<x/A,then 4147B isB.
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10.29 Representation

7« ATRB
Informal Description: Z isthe representation of B in mixed radix number system 4.
Evaluation Sequence:

If 4 or Bisempty, return ( (p4),p0B)p0.
If any item of theravel-list of A isacharacter, signa domain-error.
If any item of theravel-list of B isacharacter, signa domain-error.
If 4 isscalar, return 4 | B, evaluated with comparison-tolerance set to zero.
If 4 isavector and B isascalar,
Generate two numeric vectors Z and ¢ that satisfy the following constraints:
Thelength of Z isp 4.
Thelength of Cis1+pA4.
CL1+pA] iSB.
For all scalar indicesT in1pA4:
ZLIJIiSALIITCLI+1].
IfALI] iszero, C[I] iszero;
Otherwise, C[I] iS(CLI+1]1-Z[I]1)+A[I].
Return 7.
Otherwise, return Z 1, an array such that thetype of Z 1 isnumeric, the shape-list of
Z1is(p4),pB andtherave-list of Z1 hasthefollowing property:
Let T stand for an item of theindex-set of theravel-along-axisone of 4.
Let 41 stand for vector-item I of theravel-along-axisone of 4.
Let 7 stand for an item of the index-set of the ravel-list of B.
Let B1 stand for item J of theravel-list of B.
Let ¥ stand for the count of B.
Let pstandfor J+ (Nx(I-1)).
Then, vector-item P of theravel-list of Z1 along-axisoneis4A171B1.
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Examples:

10 10 1071123

10 10 107123 456

A<«11 3p10 16 2
'0123456789ABCDEF'[§1+AT1000 1024]
00000001000
000000003E8
01111101000

00000001024
000000004KOO
10000000000

2 22711
111

022711
111

01 7T3.75 3.75
3 L
0.75 0.25

Note: The shape of the result of representation isalways (p4) , o B.

The system-parameter comparison-toleranceis not an implicit argument of representation.
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10.2.10 Dyadic Transpose

Z <« AQ§B

Informal Description: Z isan array formed by rearranging and possibly coalescing the
axes of B according to the vector 4. Each element of A4 corresponds to an axis of B by
position and to an axis of Z by value. The largest value in 4 determines the rank of
Z. All axes of Z must be present in 4. If 4 contains no repeated elements, the shape
of Zis (pB) [AA]. Repeated elementsin 4 select diagonals from B. The length of the
corresponding axis of Z isthe shortest of the lengths of the designated axes of B. Uses
index-origin.

Evaluation Sequence:

If index-originisnil, signa implicit-error.

If 4isascalar,setA110,A4.

Otherwise, set 41 to 4.

If 41 isnot avector, signal rank-error.

If thelength of 41 isnot the same astherank of B, signal length-error.

If any item of theravel-list of A1 isnot anear-integer, signa domain-error.

Set A2 to the integer-array-nearest-to A1. Generate 43, a numeric array with
the shape-list of 42 such that each item of the rave-list of 43 is (one minus
index-origin) plusthe corresponding element of 42.

If A/JA3e1T/0,A3 evduated with comparison-tolerance set to zero is not one,
signal domain-error.

If A/ (1T/0,43) A3 evauated with comparison-tolerance set to zero is not one,
signal domain-error.

Return an array zZ having the following properties:

Therank of Zis[/0,A3.

Theshape-list of Z issuchthat for al T intheindex-set of theshape-list of z, item
I of theshape-listof ZisL/(A3=1) /p B, evaluated with comparison-tolerance
Set to zero.

Theravel-list of Z issuch that, for al 7 intheindex-set of theravel-list of Z, item
J of theravel-list of Z isitem 1+ (pB)1((pZ)TJ-1) [43] of theravel-list of
B.

Thetype of z isthe sufficient-type of theravel-list of Z under thetype of B.
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Examples:
1 3 28N23u
111 121 131
112 122 132
113 123 133
114 124 134
211 221 231
212 222 232
213 223 233
214 224 234
1 1QN3u
11 22 33
3 1 28N23u
111 211
112 212
113 213
114 214
121 221
122 222
123 223
124 224
131 231
132 232
133 233
134 234
pp(10)85
0
160
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10.2.11 Take

Z « A+ B

Informal Description: Z isan array having shape , | A. Informally, Z is a corner of B.
The choice of corner is based on the signs of the elements of 4. If the absolute val ues of
elements of 4 are greater than corresponding elements of ¢ B, then Z is padded with the
typical-element of B.

Evaluation Sequence:

If therank of 4 isgreater-than one, signal rank-error.
Set41t0,A4.
If Bisascalar,set B1t0 ((pA1)p1)pB.
Otherwise, set B1 to B.
If the shape-list of 41 doesnot match therank of B1, signal length-error.
If any item of theravel-list of A1 isnot anear-integer, signa domain-error.
Set 42 totheinteger-array-nearest-to A1.
Return an array z such that:
The shape-list of Zis|A2.
The ravel-list of Z has the property that for each scalar I in theindex-set of the
ravel-list of zZ, item I of theravel-list of Z isdetermined as follows:

Let g stand for ((|A2)TI-1)+(A2<0)xA2+pB1 evauaed with

comparison-tolerance set to zero.

If each dement of J is in the open-interval-between negative-one and
the corresponding element of oB1, item I of the rave-list of Z is
(,B1)[1+(pB1)1J].

Otherwise, item I of theravel-list of Z isthetypical-element of B.

Thetype of Z isthe sufficient-type of theravel-of Z under thetype of B.

Examples:
2+N5
12
T24N5
b5
T2 64NLL

31 32 33 34 00
b1 42 43 44 0 0

T4 4499
000 O
000 O
000 O
0 0 0 99
2410
0 0
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10.2.12 Drop

Z « A+ B

Informal Description: Z isacorner of B withshape o (pB) - | A. The choice of corner
isbased on the signs of the elements of 4.

Evaluation Sequence:

If therank of 4 isgreater-than one, signal rank-error.

Set41t0,A.

If Bisascalar,set B1t0o ((pA1)p1)pB.

Otherwise, set B1 to B.

If the shape-list of 41 doesnot match therank of B1, signal length-error.

If any item of theravel-list of A1 isnot anear-integer, signa domain-error.

Set 42 totheinteger-array-nearest-to A1.

Return (((A2<0)x0[A2+pB1)+(A220)x042-pB1) +B1 evauated with
comparison-tolerance set to zero.

Examples:
14N5
23145
2 T1yNuy
31 32 33
41 42 43
pl1+5
0
p0+5
1
pl 2 344
000
1 ¥ 5
5
pp'"+5
0
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10.2.13 Matrix Divide

Z <« AHB

Informal Description: Z istheleast squares solutionto alinear system specified by 4 and
B.

Evaluation Sequence:

If therank of 4 or therank of B isgreater-than two, signal rank-error.

SetA1t0(24(pd),1 1)pA.

SetB1to(24(pB),1 1)pB.

If 14pA1 isnotthesameas 1+pB1, signal length-error.

If 14pB1 islessthan ~1+pB1, signa length-error.

If any item of theravel-list of 4 isnot anumber, signal domain-error.

If any item of theravel-list of B isnot anumber, signal domain-error.

Use theimplementation-algorithm matrix-divideto generate an array Z, such that
the type of Z is numeric, the shape-list of Z is (T14pB1), 14p41, and the
ravel-list of Z hasthe property that for each scalar Iin1 " 14p41, Z[;I] issuch
that it minimises+/ (A1[;I]1-B1+.xZ[;I])~*2.

If Z cannot be uniquely determined within a reasonable round-off criterion by the
above constraints, signal domain-error.

Return ((1+pB),1vpA)pZ.

Additional Requirement:

The round-off criterion discussed above is not specified by this standard.

Note: The following article describes an acceptable algorithmfor matrix division:

Jenkins, M. A,, Domino—An APL PrimitiveFunction for Matrix | nver sion—Itsl mplementation
and Applications. APL Quote-Quad Vol |11 No. 4, February 1972, pp 4-15.
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10.2.14 Indexed Reference

Z <« AlLI]

Informal Description: Z isan array consisting of elements of the array 4 selected and
structured by the positionand val ues of the arraysintheindex-list 7. Usesindex-origin.

Evaluation Sequence:

If the number-of-items in the index-list T does not match the rank of 4, signal
rank-error.
In thefollowing,
Let 7x stand for (array) item X of T.
Let 7x stand for (array) item X of J.
Let £x stand for (array) item X of L.
Let £y stand for (array) item X+1 of L.
Generate J, an index-list having the same count as I such that for every item X of
theindex-set of I,
If IX isan dlided-index-marker, set JX t0 " 1+1 (p4) [X].
Otherwise,
If any item of theravel-list of TX isnot anear-integer, signa domain-error.
Set JX to theinteger-array-nearest-to IX.
Set JX to JX minusindex-origin.
If any element of Jx isnotan elementof “1+1 (p4) [X], signa index-error.
Set JX t0 JX xx/ XipA.
Generate L, an index-list with 1+pp 4 (array) items such that
Item 1+pp4 Of L isone.
Foral Xini1ppA, LXiSJX o.+ LY.
Let x stand for first-item inthelist of arrays.”.

Return ( ,4) [K].

Examples:
12 3[2]
2
N222[2 1;;2]
212 222
112 122

Note: Since an index-list has at least one item, indexing will always signal rank-error when
argument 4 isa scalar.

The vector indexing on which this subsectionis based is defined in the subsection evaluate-indexed-
reference.
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10.2.15 Indexed Assignment

Z <« V[I] « B

Informal Description: Z is B. As a side effect, indexed assignment sets elements of
the array vV selected by the position and values of the arrays in the index-list I to
corresponding e ements of B. Notethat, at thisstage, v isknown to be avariable-name,
not avalue. Usesindex-origin.

Evaluation Sequence:

If index-originisnil, signal implicit-error.
Set A tothe current-content of V.
If the number-of-items in the index-list T does not match the rank of 4, signal
rank-error.
In the following,
Let 7x stand for (array) item X of T.
Let 7x stand for (array) item X of J.
Let £x stand for (array) item X of L.
Let £y stand for (array) item X+1 of L.
Generate J, an index-list having the same count as I such that for every item X of
theindex-set of T,
If IX isan dlided-index-marker, set JX to ™" 1+1 (p4) [X].
Otherwise,
If any item of theravel-list of TX isnot anear-integer, signa domain-error.
Set JX totheinteger-array-nearest-to Ix.
Set JX to JX minusindex-origin.
If any element of JX isnotan element of “1+1 (p4) [X], Signa index-error.
Set JX t0 JX xx/ XipA.
Generate L, an index-list with 1+pp 4 (array) items such that
Item 1+pp4 Of L isone.
Foral Xini1ppd,LXiSJX o.+ LY.
Let x stand for first-item inthelist of arrays_”.
SetK1to ((1#pK) /oK) oK evaluated with comparison-tolerance set to zero.
SetB1to ((1#pB) /pB) pB evauated with comparison-tolerance set to zero.
If B1isascalar,set B2 t0o (pK1)pB1.
Otherwise, set B2 to B1.
If therank of k1 isnot the same astherank of B2, signa rank-error.
If any item of the shape-list of K1 isnot the same as the corresponding item of the
shape-list of B2, signal length-error.
Set M toone.
Repeat:
If ¥ isnot greater-than the count of K1,
Let k2 stand for item ¥ of theravel-list of k1.
Setitem k2 of theravel-list of 4 toitem M of theravel-list of B.
Set M toM plusone.
Otherwise,
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Set thetype of 4 to the sufficient-type of therave-list of 4 under the type mixed.
Set thecurrent-referent of v toatoken whoseclassisvariableand whose content
iISA.
Return atoken whose classis committed-value and whose content is B.
(End of repeated bl ock)

Examples:

X 23
O0<«X[3 2]<4 5

X
154
O<«Y<«N222
111 112
121 122

211 212
221 222
O<«Y[2 1;;1]<«N12121
11111
11121

12111
12121

Y
12111 112
12121 122

11111 212
11121 222

Additional Requirements:

The evaluation sequence requires that after the statement AL1 1 1]<1 2 3 has been
evaluated thevaueof 4[1] be 3.

Indexed assignment exhibits atomic behaviour. If indexed assignment signals an error,
thevalue of v shall be unchanged.

Note: Since an index-list has at least one item, indexing will always signal rank-error when
argument 4 isa scalar.
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10.2.16 Without

Z « A ~B

Informal Description: Z isavector whose € ements are the el ements of 4 without those
that are aso elements of B. Uses comparison-tolerance.

Evaluation Sequence:

If comparison-toleranceisnil, signa implicit-error. Iftherank of A or Bisgreater-
than one, signal rank-error. Set 41 t0 ,4;set B1to ,B. Return (~A1eB1) /A1,
evaluated with the current value of comparison-tolerance.

Examples:

123 4 5~3 4 2

15
1123314 5~3142

115
"NAPOLEON'~'NEON'

APL

10.2.17 Left

Z<«A-B

Informal Description: Z isA4.

Evaluation Sequence:

Return 4.
Examples:

01
1-0

N2 4'"FRANCE'
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10.2.18 Right

7« A+ B
Informal Description: Z isB.

Evaluation Sequence:

Return B.
Examples:

o1
1+0

N2 ~'"FRANCE'
FRANCE

10.2.19 Character Grade Definitions

A precedes B in ¢ order: An operation that, for character-vectors 4 and B and character
array ¢ of rank greater-than zero, returns a Boolean result determined by the following
eval uation sequence:

Evaluation Sequence:

Set AX totherank of C.
Repeat
Set ¢1 tothearray-of-vectorsalong-axis4x of C.
Generate AC, anumeric vector withthe samelength as 4, such that for all I inthe
index-set of 4, 4C[I] istheminimumof V1A[I] overdlitemsvinci.
Generate BC, anumeric vector withthe samelength as B, such that for all I inthe
index-set of B, BC[I] istheminimumof V1B[I] overdlitemsvinci.
If ((AC<BC)11) < (AC>BC)11,returnone.
Set AXtoAX-1.
If AX equalszero, return zero.
(end of repeated sequence).

A identifieswith B in ¢ order : An operation that returns zero if A precedes B in ¢
orderor B precedes 4 in ¢ order and otherwisereturns one.
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10.2.20 Character Grade Down

7 «A ¥ B

Informal Description: Z isa permutation of the index set of the first axis of B which
specifies a stable sort of the character subarrays crossing that axisinto a non-increasing
sequence according to an ordering relation given in the collating array 4. Uses index-
origin.

Evaluation Sequence:

If index-originisnil, signa implicit-error.
Set 70 to the numeric-scalar with valueindex-origin minusone.
If any item of theravel-list of A isnot a character, signal domain-error.
If any item of theravel-list of B isnot a character, signal domain-error.
If 4 isascalar signal rank-error.
If 4 isempty, return T0+1 14 pB.
SetB1to((1+pB),x/1+pB)pB.
If 140Biszero, return 1 0.
If 1+pB isone, return a one-element-vector Z such that the ravel-list of Z contains
index-origin.
Otherwise, generate Z, a permutation of 1 1+ p B such that for every pair (I and J) of
elements of 1 14p B where I isless-than J either:
B1[Z[J];] precedesB1[Z[I];] in A-order or
B1[Z[I];] identifieswith B1[Z[J];] in A-order and Z[I] is lessthan
ZLJ].
Return Z+I0.
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10.2.21 Character GradeUp

7 «A b B

Informal Description: Z isa permutation of the index set of the first axis of B which
specifies a stable sort of the character subarrays crossing that axis into a non-decreasing
sequence according to an ordering relation given in the collating array 4. Uses index-
origin.

Evaluation Sequence:

If index-originisnil, signa implicit-error.
Set 70 to the numeric-scalar with valueindex-origin minusone.
If any item of theravel-list of A isnot a character, signal domain-error.
If any item of theravel-list of B isnot a character, signal domain-error.
If 4 isascalar signal rank-error.
If 4 isempty, return T0+1 14 pB.
SetB1to((14pB),x/1+pB)pB.
If 140Biszero, return 1 0.
If 1+pB isone, return a one-element-vector Z such that the ravel-list of Z contains
index-origin.
Otherwise, generate Z, a permutation of 1 1+ p B such that for every pair (I and J) of
elements of 1 14p B where I isless-than J either:
B1[Z[IJ;] precedesB1[Z[J];] inA-order or
B1[Z[I];] identifieswith B1[Z[J];] in A-order and Z[I] is lessthan
ZLJ].
Return Z+I10.

Note: In comparing rows of B1, differencesat low index positions are more significant than those
at higher index positions. Thus, if 'a' comesbefore ' 5" in 4-order,therows 'aa', 'ab', 'ba’,
and 'pp' areinascending 4-order.

Every axis of the collating array 4 defines an ordering of the character set. A character 's lowest
index along an axis definesits position in the order described by that axis (low indices precede high
indices). Charactersnot foundin 4 are equal and occur after all charactersin 4.

The order given along 4’s last axis is the most significant. The result of character grade groups
together rows of B which are equal under this (major) ordering. Wthin each such group, the result
arranges B's rows according to the hierarchy of (minor) orderings along axes of 4 ending with the
first (least significant) axis. Character gradeis stable; itsresultsare equal under all the 4-orderings
in the order that they occur in B.

Hierarchical sorting allows distinctions such as spelling, case, font, and length to carry their proper
lexicographic weight. For example, the rows of w (below) are taken in order from Webster’'s New
Collegiate Dictionary.
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Examples:
(2 20"ABBA') & '"AB'[?5 2p2] a A AND B ARE EQUIVALENT

12345
A<2 14p' abcdegikilmnrt ABCDEGIKLMNRT'

W WO(,A) MW ] WOC,R4)AW;]  WLAMY;]
Ab aba aba Ab

AB abaca abaca AB

aba abecedarian abecedarian aba

ABA black ADb ABA

abaca black belt Abelian abaca
abecedarian blackball AB abecedarian
Abelian blacking ABA Abelian
black ADb black black
blackball Abelian black belt black belt
black belt AB blackball Black Mass
blacking ABA blacking blackball

Black Mass Black Mass Black Mass blacking

Note: Character gradeis equivalent to the function SRTu defined in Smith, Howard J., " Sorting —
A New/Old Problem", APL Quote-Quad 9, 1, June 1979, pp 123-127
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10.2.22 Pick

Z « A > B

Informal Description: Z isan item selected from some level of B. 4 isascalar or vector.
Theitemsof A are selectors applying to one or more successive levels of B, such that the
first (or only) item of 4 selects anitem from B, the next (if any) selects an item from this
item, and so on. The length of each item in 4 must agree with the rank of the object to
whichitisto be applied. Usesindex-origin.

Evaluation Sequence:

If index-originisnil, signal implicit-error.

If therank of 4 isgreater-than one, signal rank-error.
If 4 isempty, return B.

If the count of a isone;

Set 41 tothefirst-thingy of 4.

If 41 isnotasimplearray, signa domain-error.

If therank of A1 isgreater-than one, signd rank-error

Set 42 totheravel-listof A1.

If any itemin 42 isnot anear-integer, signal domain-error.

Set 43 toalist with each item theinteger-near est-to the corresponding element of
A2.

If the number-of-itemsin 43 isnot the same asthe rank of B, signal rank-error

Set Au to alist, with each item equal to the corresponding item in 43, minus
index-origin.

For every member x of theindex-set of 4u4:

If item X of 44 islessthan zero, or greater-than-or-equal-to item x of the
shape-list of B, signal index-error.
Returnitem1 (pB) 1Au of therave-list of B.

Otherwise, return (1+4)>(144)>B.

Examples:
3>'0SCAR'
c
(,3)210 11 12 13
12
(c3 2)oNuu
32
1 55(c'OSCAR'"), (c'BEATA")
R
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10.2.23 Identical

Informal Description: Returns 1 if 4 and B match with respect to structure and content,
and o otherwise.

Note: Identical is sometimescalled “ match” .
Evaluation Sequence:

If 4 and B are both simple-scalars, return A=3.

If the shape-list of 4 isdifferent from the shape-list of B, return zero.

If Aisempty, return (14,4)=1+,B.

Set 41 tothefirst item of therave-list of 4, and B1 to thefirst item of the rave-list
of B.

Set Z71t0A1=B1.

If Z1 iszero, return zero.

Set A2 totherest of therave-list of 4, and B2 totherest of therave-list of B.

If 42 isempty, return one,

Return A2=B2.

Examples:

"SOLAR'='SOLAR!

1
(2 3 p16) =16
0
(1,0p'" ")=1,0p0
1
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10.2.24 Disclose

Z

<+~ o B

Informal Description: For B, an array of shape 4, al of whoseitems have the same rank

KY
BI

Z isan array of shape 4, M where M isthe maximum over the shapes of theitemsin
and each rank-k cdll of Z istheresult of M+ of the correspondingitemin B.

Evaluation Sequence:

Set M to max-shape-of B.

SetM1to (pB),M.

Set K topM.

Set S totheindex-set of theravel-list of B.

Returnan array z such that o Z isM1, and such that for every member T of S, the I'th
rank-x cell ism+ ¢, where C isitem I of theravel-list of B.

Examples:

T « (c'OSCAR'"),(<'FRED'")
oT

10.2.25 Disclosewith Axis

Z <>[K] B

Informal Description: Thisis the same as Disclose, except that the function specifies
which axes intheresult Z, are new. Usesindex-origin.

Evaluation Sequence:

174

Set 71 to-B.

If index-originisnil, signal implicit-error.

If 4 isnot asimple vector, signal axis-error.

If any thingy-in 4 isnot avalid-axis-of Z 1, signd axis-error.

Set A1 totheinteger-array-nearest-to 4.

If any item of theravel-list of A1 isnot distinct, signal axis-error.

If the count-of A1 isnot therank of the first-thingy-of B, signal axis-error.
Return (((w1ppZ1)~A),A)8Z1.
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10.2.26 Enclose

7/ < < B
Informal Description: Z isascaar array whose only itemisB.
Note: If B isasimple-scalar, Z isB.
Evaluation Sequence:

If Bisasimple-scalar, return B.
Return an array whose shape-list isempty, and whoseravel-list hasasingleitem, the
array B, and whose typeis mixed.

Examples:

c'OSCAR'
O0SCAR
ppc'OSCAR!

2=c?2

10.2.27 Enclose with Axis

Z « < [K] B

Informal Description:  Z is B with the indicated axes eliminated and replace by a
corresponding new level of nesting. K specifies the axis to be enclosed, and their order
in theresulting items. Usesindex-origin.

Evaluation Sequence:
If, for some N, K = (-N)+1pp0B, return an array whose shape is (-N) vpB, and

whoseravel-list containsthe rank-u cellsof B.
Otherwise, return c [ (-pX)+1ppBl (A((1ppB)~K) ,K)&B.
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11

System Functions

11.1 Introduction

Note: System functions are primitive functions whose names are distinguished-identifier s rather
than primitives. System function names are not permitted in the locals-list of a defined-function
header-line.

The system functions related to shared-variables and defined-functions are specified in those
chapters.

11.2 Definitions

Note: Some system functions take an argument which is treated as an identifier-array.

— ldentifier-Array: A character array of rank two each of whose rows matches the
character-diagram identifier-row.

— Event-Report: A representation of the most recent error.

— Event-Message: A character array giving, in an implementation-defined form, the
event-report and any other information the implementation deems helpful in locating
the error’s source.

— Empty-Event-Message: An empty array, of an implementation-defined shape,
indicating that the most recent event-type corresponds to no error.
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11. SYSTEM FUNCTIONS
11.3 Diagram

| dentifier-Row

" Lo Comed

11.4 Niladic System Functions

simple-identifier

Note: A niladic system function is an implementation-provided facility associated with a
distinguished-identifier. The primary difference between a niladic system function and a system
variableisthat a niladic system function causesan error to be signalled if avalueis assignedto it,
or its nameis included in the list of locals of a defined function header.

1141 Time Stamp

Z « 0TS

Informal Description: Z isaseven-element numeric vector representing the current date
and time relative to an epoch and atime zone.

Evaluation Sequence:

Return the seven-element numeric vector result of the implementation-algorithm
time-stamp.

Example:

ars
1789 7 14 11 14 45 586.4

Additional Requirements:

The first through sixth elements of the result returned by time-stamp are integral and
represent respectively the current year, month, day, hour, minute, and second relative to
the underlying epoch and time zone. The hour corresponds to the number of integra hours
that have elapsed within the current day.

The seventh and last element is a quantity, not necessarily integral, representing the
milliseconds that have el apsed within the current second.

The accuracy, resolution, epoch, and time zone for time-stamp are not specified by this
standard.
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11.4.2 Atomic Vector

Z « AV

Informal Description: Z is an implementation-defined character vector containing
every element of the required-character-set exactly once.

Evaluation Sequence:
Return atomic-vector.

Note: The elements of the atomic-vector are often ordered so that, in index-origin zero,
((r2ep0AV)p2) TOAV:1'X' givesthe bit representation of x. This behaviour is not required.

11.4.3 LineCounter

Z « ULcC

Informal Description: Z is a vector of statement numbers of active defined functions
ordered so that the most recently called function has the lowest index.

Evaluation Sequence:

Set ¥ to anumeric vector whose length is the same as the number-of-items in the
state-indicator, such that for every 7 in 1pY, Y[ I] isthe current-line-number
of item I of the state-indicator, if the mode of item I of the state-indicator is
defined-function, and zero otherwise.

Set M to a Boolean vector whose length is the same as the number-of-items in the
state-indicator, such that for every 7 in oM, M[I] isoneif themodeof item T of
the state-indicator is defined-function, and zero otherwise.

Returnm/ Y.

Note: The subsectionsthat affect the value of 0L ¢ arediscussed in the subsection defined-function-
control.
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11.4.4 Event Message

Z « UEM

Informal Description:  When an error occurs, three lines of information are usualy
displayed: the first line indicates what happened, the second line shows the line in
which the error was found, and the third line contains one or more carets pointing to the
place(s) in the second line where the error was detected. Event-message is commonly
a character matrix corresponding to this three-line message. It is set according to the
contents of event-type. If event-typeiso o then event-message isan empty three-row
matrix. Otherwise, event-message is set to an appropriate message. In some cases its
first row is blank (when event-message is set via[JE S) because there is no message for
the given value of event-type. (See the description of event-type for proposed values
and messages.)

event-message islocal to a context.
Evaluation Sequence:
Return event-message.
Note: Whiletheinformal description speaksof a threeline messageof a particular format, thisisan

attempt to describe common usage, rather than prescribed behaviour. The format of event-message
isimplementation defined.
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1145 Event Type

Z « UOET

Informal Description: Thedefault valuefor event-typeiso o (noerror). When an event
happens which halts execution event-typeisset to apair of integers specifying the class
and sub-class of the event. event-typeisloca to a context.

Evaluation Sequence:
Return event-type.
Note: Classesand subclassesof event-type:

0 0 —noerror
0 1 —unclassified event

There may be additional implementation-defined types.

11.5 Monadic System Functions

Note: Refer to the Defined Functions chapter for definitionsof JFx andOCR.

1151 Delay

Z <« [0ODL B

Informal Description: Z isthetime, in seconds, for completion of this operation. Asa
side effect, DL causes adelay in execution of at least B seconds.

Evaluation Sequence:

Set T0 to current-time seconds.

If Bisnot ascalar, signa rank-error.

If B isnot anear-real-number, signal domain-error.

Set T1 to To plusB.

Wait until current-timeisnot less-than T1.

Return z, anumeric scalar such that the first-item intherave-list of Z iscurrent-
timeminus To.

Note: B may be fractional or negative.
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11.5.2 Name Class

Z <« [NC B

Informal Description: Z isavector of name classes giving the usage of the identifier in
the corresponding row of B. 0 means an identifier is available without current referent;
1, alabd; 2, avariable or ashared variable; 3, adefined function; 4, a defined operator;
5, asystem variable; 6, asystem function.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.

If B isempty, return 1 0.

SetB1to (7241 1,pB)pB.

If any row of B1 doesnot match identifier-row, signal domain-error.

Generate Z, anumeric vector such that the length of Z is the same as the number-
of-rowsin B1, and theravd-list of Z has the property that for every 7 in 11405,
the following holds:

Let 21 stand for item I of therave-list of Z.

Let v stand for the token that matched the character-diagram simple-identifier
intheidentifier-row.

If the current-class of ¥ isnil, ZI iszero.

If the current-class of v islabel, ZI isone.

If the current-class of v isvariableor shared-variable, ZT istwo.

If the current-class of v is defined-function or niladic-defined-function, zI is
three.

If the current-class of v isdefined-operator, ZT isfour.

If the current-class of v issystem-variable, ZT isfive.

If the current-class of v issystem-function, ZT issix.

Otherwise, signal domain-error.

Return Z.

Example:

(1]
(2]
(3]
(4]

VZ«TEST;R0;R21;R22;R31;R32
R1:R21<«1 [OSVO '"R22!
Z<[JFX 1 3p'R31'
Z<[JFX 1 5p'R32 X'
Z<[NC 6 3p'RO R1 R21R22R31R32'

TEST

0122 33
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11.5.3 Expunge

Z <« FX B

Informal Description: Z is a Boolean vector such that an element of Z is one if the
identifier inthe correspondingrow of B isavailablefor use when the operation compl etes.
Expunge changes the current-referent of symbols whose current-class is variable,
shared-variable, defined-function, defined-operator, or niladic-defined-function to
nil, making them available for redefinition. The symbols to be changed are named by
therowsof B, an identifier-array.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
SetBito( 241 1,pB)pB .
For eachrow J of B1,

If row J of B1 does not match identifier-row, signa domain-error.

Let v stand for the token that matched the character-diagram simple-identifier
inidentifier-row.

If the current-class of v isshared-variable, retract v.

If thecurrent-classof v isvariable, set thecurrent-referent of v toatoken whose
classisnil.

If the current-class of v is defined-function or niladic-defined-function, and if
the current-referent of v islocally-erasable, set the current-referent of ¥ to a
token whose classisnil.

Return ~xgNC B.

Additional Requirement:

The operation of Expungeisatomic: if Expunge signals an error, current-referents shall
be unchanged.

Note: Becauseof the definition of locally-er asable, a defined-function or defined-oper ator cannot
be expunged by a conforming-program while it is pendent or waiting. This does not prevent a

confor ming-implementation from permitting such behaviour; it simply leaves the conseguencesto
a confor ming-program undefined.
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SYSTEM FUNCTIONS

1154 Namelist

Z

< 0ONL B

Informal Description: Z isan identifier-array. An identifier occursin Z if its name-
classisin B. Elements of B can be: 1, for labels; 2, for variables or shared variables;

31

for defined functions; 4, for defined operators; 5, for system variables; 6, for system

functions.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If any item of theravel-list of B isnot anear-integer, signal domain-error.

Set B1 totheinteger-array-nearest-to B.

If B1 contains any numbers other than one, two, three, four, five, or six, signal
domain-error.

Generate Z, an identifier-array consisting of the names of symbolswhose current-
class is label, variable, shared-variable, niladic-defined-function, defined-
function, defined-operator, system-variable or system-function. The symbol
names are | eft-justified in the rows of Z.

Setzto ((ONC Z)eB1)+Z.

Remove any all-blank trailing columns from Z.

Return Z.

Note: Therank of Z isalwaystwo. If thereare no symbolswith a name-classdesignatedin B, Z is
0 Op'"'.
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1155 Query Stop

Z <« [OSTOP B

Informal Description: Z isan integer vector of line numbers in the function or operator
whose name s B that have stop control set.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If B does not match identifier-row, signal domain-error.

Let v stand for the token that matched the character-diagram simple-identifier in
identifier-row.

If the current-class of v is not defined-function, defined-operator or niladic-
defined-function, signal domain-error.

Return the stop-vector of the current-content of v.

Additional Requirement:

Query Stop is part of the optional-facility Trace-and-Stop-Control.

Note: Query Sop is not origin sensitive.

If no lines have stop control set, theresultis 1 0.
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11.5.6 Query Trace

Z <« OTRACE B

Informal Description: Z isan integer vector of line numbers in the function or operator
whose nameis B that are being traced.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If B does not match identifier-row, signal domain-error.

Let v stand for the token that matched the character-diagram simple-identifier in
identifier-row.

If the current-class of v is not defined-function, defined-operator or niladic-
defined-function, signal domain-error.

Return the trace-vector of the current-content of v.

Additional Requirement:

Query Traceis part of the optional-facility Trace-and-Stop-Control.

Note: Query Traceis not origin sensitive.

If no lines arebeing traced, the resultis 1 0.
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11.5.7 Monadic Event Simulation

OES B

Informal Description: An exception iscreated in the caller’s context. B iseither apair
of integers specifying the class and sub-class of the event, or a character vector.

If B isapair of integers, event-typeisset to B and event-messageis set to an appropriate
message. |f thepair of integersisundefined, the message part of event-messageishblank,
but an exception is signalled and event-typeisset. If Biso o (no error), event-type
isset to 0 0 and event-message is set to empty-event-message, but no exception is
signalled.

If B isempty no action istaken. This allowsfor conditional signalling of an event.

Evaluation Sequence:

If therank of B isgreater-than one, signal arank-error.
If B isempty, return nil.
If Bisnumeric,
If therank of B isnot one, signal rank-error.
If the count of itemsin B isnot two, signal length-error.
If any item in B isnot anear-integer, signal domain-error.
Set B1 totheinteger-nearest-to B.
Set event-typetoB1.
Set event-message to empty-event-message.
If B1isnoto o,
Set event-message as appropriate.
Signal event corresponding to event-type.
If B ischaracter,
Set event-typetoo 1.
Set message portion of event-messageto B.
Signal event corresponding to event-type.

11.6 Dyadic System Functions

11.6.1 NamelList

Z <« A [ONL B

Informal Description: Z isanidentifier-array of all names having aname-classin B that
begin with aletterin 4.

Evaluation Sequence:
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If therank of 4 isgreater-than one, signal rank-error.

If any item of theravel-list of A does not match letter, signal domain-error.
Set Z1toONL B.

If 0oepZ1,return 1.

Return (Z1[;11e€A)4Z1.

11.6.2 Set Stop

Z « A USTOP B

Informal Description: Z is anumeric vector representing the stop controlsin effect for
the function or operator whose nameisin B before0ST0P began evaluation. Asaside
effect, .ST0P sets stop controlsfor the function or operator whose nameisin B at lines
specified by 4.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If B does not match identifier-row, signal domain-error.

Let v stand for the token that matched the character-diagram simple-identifier in
identifier-row.

If the current-class of v is not defined-function, defined-operator or niladic-
defined-function, signal domain-error.

If therank of 4 isgreater-than one, signal rank-error.

If any item of theravel-list of A isnot anear-integer, signal domain-error.

Set 41 totheinteger-array-nearest-to 4.

If any item of theravel-list of A1 isnot apositive-integer, signal domain-error.

Set Z toSTOP B.

Let ¥ stand for the last-line-number of the current-content of ».

Set the stop-vector of the current-content of N to ( (1 M) eA1) /1M, evaluated with
index-origin one.

Return Z.

Additional Requirement:

Set Stop is part of the optional-facility Trace-and-Stop-Control.

Note: Stop controlsareanattribute of defined-function objects. 0.5 70 P affectsthecur rent-referent
of B only.
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11.6.3 Set Trace

Z « A OTRACE B

Informal Description: Z is a numeric vector representing the lines being traced in the
function or operator whose name isin B before JTRACE began evaluation. As aside
effect, 1TRA CE beginstracing thelines specified by 4 in the function or operator whose
nameisinB.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If B does not match identifier-row, signal domain-error.

Let v stand for the token that matched the character-diagram simple-identifier in
identifier-row.

If the current-class of v is not defined-function, defined-operator, or niladic-
defined-function, signal domain-error.

If therank of 4 isgreater-than one, signal rank-error.

If any item of theravel-list of 4 isnot anear-integer, signal domain-error.

Set 41 totheinteger-array-nearest-to 4.

If any item of theravel-list of A1 isnot apositive-integer, signal domain-error.

Set 7 toOTRACE B.

Let ¥ stand for the last-line-number of the current-content of ».

Set thetrace-vector of the current-content of ¥ to ( (1 M) eA1) /1M, evaluated with
index-origin one.

Return Z.

Additional Requirement:

Set Trace is part of the optional-facility Trace-and-Stop-Control.

Note: Trace controls are an attribute of defined-function objects. O0TRACE affects the current-
referent of B only.
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11.6.4 ExecuteAlternate

Z <« A[JEA B

Informal Description: 4 and B are both character vectors representing executable
expressions. |If execution of B is successful the result is Z. If there is an error or an
interrupt in the execution of B, execution isabandoned and 4 isexecuted. The execution
of 4 issubject to normal error handling.

Itispossibleto get avalue-error if the successful execution of B does not return aresult
and an explicit result isneeded. 4 isnot executed in this case.

Evaluation Sequence:

If therank of either A or B isgreater-than onesigna rank-error.
If any item of theravel-list of 4 isnot a character, signal domain-error.
If any item of theravel-list of B isnot a character, signal domain-error.
Generate a new context in which
mode is execute,
current-lineistherave-list of B,
current-functioniso op' ',
current-line-number isone,
current-statement isthe empty list of tokens,
stack isthe empty list of tokens.
Append the new context tothe state-indicator of the active-workspaceasanew first
item.
Set 7 to evaluate-line,
Remove the first context from the state-indicator.
If Z isnot amember of error return z,
Elsereturn ¢ 4

Note:  See Conforming Programsin Compliance regarding hazardsto conforming programsif
thisfacility is used.
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11.6.5 Dyadic Event Simulation

A 0OFES B

Informal Description: An exception is created in the caller’s context. 4 isacharacter
scalar or vector and B is either apair of integers specifying the class and sub-class of
the event, or an empty vector.

Event-typeisset to B and the message portion of event-messageissetto4.1f Biso o
(no error), event-typeissetto o 0 and event-message is set to empty-event-message,
and no event issignalled.

If B isempty no action is taken. This allows for conditional signaling of an event (for
example A 0OEsS cond /B).

Evaluation Sequence:

If therank of 4 isgreater-than one, signal rank-error.
If any item of A isnot acharacter, signa domain-error.
If therank of B isnot one, signa rank-error.
If B isempty, return nil.
If the count of B isnot two, signal length-error.
If any item in B isnot anear-integer, signal domain-error.
Set B1 totheinteger-nearest-to B.
Set event-typeto B1.
Set event-message to empty-event-message.
If B1isnoto o,
Set the message portion of event-messageto 4.
Set the rest of event-message as appropriate.
Signa event corresponding to event-type.
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11.6.6 Transfer Form

Z <« A 0OTF B

Informal Description: B is a character vector giving the name of the object for which
the transfer form is desired. If there is no transfer form for the item named by B (for
example, B names a system function, a label, or has no value) the result is an empty
character vector.

A iseither oneortwo. If itisone B may name only defined functions, defined operators,
and simple homogeneous arrays. If it istwo, B may aso name mixed arrays.

For agiven 4, 0TF isitsown inverse. For example, if ABC names atransferable object,
A OTF A OTF 'ABcC' will reestablish the object named AB ¢ and return the character
list v4BC.

If 4 istwo, theresult isan executable character vector giving the name and contents of
the object named by B. (Numeric conversions are carried out to full-print-precision.)

Evaluation Sequence:

If therank of 4 isgreater-than onesigna rank-error.
If the count of A4 isnot one signal length-error.
If any item of theravel-list of A isnot anear-integer, signal domain-error.
Set 41 totheinteger-nearest-to A.
If 41 has the value one, set Z to produce-canonical-representation-vector of the
object named by B. (See Annex B).
If 41 hasthe valuetwo,
If therank of B isgreater-than one signa rank-error.
If thetype of B isnot character signa domain-error.
Set v ¢ to the name-class of B.
If vC istwo:
SetB1toeB
Set Z to an executable string that will recreate the object named by B
If NC isthree or four:
Set B1 to the character-representation of the object named by B
If the count of the shape of B isnot zero
Set 7 to an executable string that will recreate the object named by B
Else set Z to an empty character vector.
If vC isnegative-one;
If e B issuccessful, set Z to the name of the object created
Otherwise, set Z to an empty character vector
Otherwise signal domain-error
Otherwise, signal domain-error.
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System Variables

12.1 Definitions

— System-Variable-Symbol: A symbol, having as its name a distinguished-identifier,
and asitsreferent-list alist of tokens representing the value assigned to an associated
system-parameter in each context of the state-indicator.

Note: System parametersare values used implicitly and set as side effects by primitive operations.

— Internal-Value-Set: An implementation-defined set of values that the tokens in the
referent-list of asystem-variable-symbol can take on.

Note: When a system-variable-symbol is localised the initial class of its associated system-
parameter isnil. If aprimitive operationis invoked that requiresa system parameter whose classis
currentlynil, the primitive operation signalsimplicit-error. Therefore, a confor ming-program that
localises system-variable-symbols should assign them values from their internal-value-set before
calling primitive operations that require them.

Theassignment operationfor a systemvariablerejectsattemptsto set its associated systemparameter
to a value outside its internal-value-set.
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12.2 Evaluation Sequences

12.2.1 Comparison Tolerance

Z <« OCT « B
Z < Q0cr

Informal Description: Z isthe current value of comparison-tolerance.

The distance within which numbers are to be considered equa by certain primitivesisa
function of comparison-tolerance.

Evaluation Sequence:

For formQOcT
Return comparison-tolerance.
For formQOcT « B
If therank of B isgreater-than one, signal rank-error.
If the count of B isnot one, signal length-error.
Let B1 bethefirst-scalar in B.
If B1 isnot anonnegative-number, signal domain-error.
If B1isnotintheinternal-value-set of comparison-tolerance, signd limit-error.
Set comparison-toleranceto B1.
Return atoken whose classis committed-value and whose content is B.

Additional Requirement:

The internal-value-set for comparison-tolerance consists of nonnegative-number s not
greater than theimplementation-parameter comparison-tolerance-limit.

The initial value of comparison-tolerance in a clear-workspace is that member of the
internal-value-set for comparison-tolerance given by the implementation-parameter
initial-comparison-tolerance.

Note: The following subsections reference comparison-tolerance: ceiling, equal, floor, greater
than or equal to, greater than, index of, lessthan or equal to, lessthan, member of, not equal,
residue, and, or and unique.

194 APL Extended — DI'S 8485(1997)

1 May 1997 at 23:52



12.2. EVALUATION SEQUENCES
12.2.2 Random Link

Z <« ORL « B
Z <« 0RL

Informal Description: Z isthe current value of randome-link; random-link isthe current
seed of the pseudorandom number generator.

Evaluation Sequence:

For formORL
Return randome-link.
For formQORL « B
If therank of B isgreater-than one, signal rank-error.
If the count of B isnot one, signal length-error.
Set B1 tothefirst-scalar in B.
If B1 isnot anear-integer, signal domain-error.
Set B2 totheinteger-nearest-to B1.
If B2 isless-than one, signal domain-error.
If B2 isnotintheinternal-value-set for random-link, signal limit-error.
Set random-link to B2.
Return atoken whose classis committed-value and whose content is B.

Additional Requirement:

Theinternal-value-set of random-link isimplementation-defined.

The initia value of random-link in a clear-workspace is that member of the internal-
value-set for random-link given by theimplementation-parameter initial-random-link.

Note: The system parameter random-link is used and set by roll and deal. Roll gives a reference
for a suitable algorithm.
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12.2.3 Print Precision

Z <« PP « B
Z < 0OPP

Informal Description: Z is the current value of print-precision, which controls the
number of significant positionsin the output form produced by monadic format and
numeric-output-conversion.

Evaluation Sequence:

For formQOpPP
Return print-precision.
For formOPP « B
If therank of B isgreater-than one, signal rank-error.
If the count of B isnot one, signal length-error.
If B isnot near-integer, signal domain-error.
Set B1 totheinteger-nearest-to thefirst-scalar in B.
If B1 isless-than one, signal domain-error.
If B1 isnotintheinternal-value-set of print-precision, signal limit-error.
Set print-precisiontoB1.
Return atoken whose classis committed-value and whose content is B.

Additional Requirements:

The internal-value-set of print-precision consists of the integer scaars in the closed-
interval-between one and print-precision-limit.

The initial value of print-precision in a clear-workspace isthat member of theinternal-
value-set for print-precision given by the implementation-parameter initial-print-
precision.

Note: The system parameter print-precision is used by monadic format and numeric-output-
conversion. Print-precision-limit should be greater than or equal to full-print-precision.
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12.24 Index Origin

Z <« [0I0 « B
Z < 0Io

Informal Description: Z isthecurrent valueof index-origin, whichistheindex associated
with the first position of any axis of non-zero length.

Evaluation Sequence:

For formQJ10
Return index-origin.
For formO10 « B
If therank of B isgreater-than one, signal rank-error.
If the count of B isnot one, signal length-error.
If B isnot anear-integer, signal domain-error.
Set B1 totheinteger-nearest-to thefirst-scalar in B.
If B1 isnotintheinternal-value-set of index-origin, signa limit-error.
Set index-originto B1.
Return atoken whose classis committed-value and whose content is B.

Additional Requirement:

The internal-value-set for index-origin isthe scalar integer values zero and one.

The initial value of index-origin in a clear-workspace is that member of the internal-
value-set for index-origin given by theimplementation-parameter initial-index-origin.

Note: The following primitive operations refer to index-origin: deal, dyadic transpose, grade

down, grade up, index generator, index of, indexed assignment, indexed reference, roll, and all
functionsthat provide for axis specification when the form containing an axisis used.
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12.25 Latent Expression

Z « OLX « B
Z <« 0LX
Z < ULX[I] « B

Informal Description: Z isthe current value of latent-expression, which is a character
vector that is executed when aworkspace is activated.

Evaluation Sequence:

For formQOLx
Return latent-expression.
ForformOLXx « B
If therank of B isgreater-than one, signal rank-error.
If any item of theravel-list of B isnot a character, signal domain-error.
If Bisnotintheinternal-value-set of latent-expression, signa limit-error.
Set latent-expression to , B.
Return atoken whose class is committed-value and whose content is B.
For formOLX[I] « B
Set L X to latent-expression.
Evaluate LX[I] <« B.
Set latent-expressionto L X.
Return atoken whose class is committed-value and whose content is B.

Additional Requirement:

Theinternal-value-set for latent-expression is an implementation-defined subset of the
set of all character vectors which includes the empty vector.

Theinitial valueof latent-expression inaclear-workspaceisthat member of theinternal-

value-set for latent-expression given by the implementation-parameter initial-latent-
expression.
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13

Defined Functions

13.1 Introduction

Note: Algorithmswrittenin APL arecalled defined functions. A defined function consists of a header
line and zero or morebody lines. The header line indicates the name and syntax class of the function
and gives a list of namesto be localised and, in the case of argument names, initialised. Each body
line consists of an optional label followed by an APL line to be evaluated. Body lines are evaluated
in the order in which they occur in the defined function unless a statement beginning with a right
arrow is evaluated. In this chapter, the term defined function also includes defined operator.

A defined function is established in a workspace by the system function OFX, by actionsin function
definition mode, or by the systemcommand ) copPy.

In this standard, a defined-function is represented as an object with three attributes: canonical-
representation, trace-vector, and stop-vector. A defined-function is called when its name occurs
in a prefix of the current-stack matching one of the patternsin the phrase-table.

A defined-function is called by the operation call-defined-function. This operation prefixes the
state-indicator with a new context, localisesand initialises any local namesin the header-line, and
calls the evaluation sequencein the subsection defined-function-control.

A defined-function ends the evaluation if defined-function-control finds current-line-number set
to a value not in the closed-inter val-between one and last-line-number . At this point, thefirstitem
of the state-indicator isdiscardedand atoken of classresult isreturned, via call-defined-function,
to the phrase-evaluator that called it.

The returned token may be constant (for functions returning a value), nil (for functions that return
no value), unwind (for functionsthat end through the evaluation of an escapearrow), or clear-state-
indicator (asthe result of an ) S7¢ command).

If a line in a defined-function signals an error, immediate-execution is called to report the error
and suspend the defined-function. | mmediate-execution may return either a branch to indicate
that evaluation of the defined-function should continue, or an escape or clear-state-indicator to
indicate that the defined-function context should be removed from the state-indicator .
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13.2 Definitions

Note: The following term definesthe subset of ar raysthat can be used to create defined-functions.

— Proper-Defined-Function: Anarray 4 isaproper-defined-function if
Thetypeof 4 ischaracter.
Therank of 4 istwo.
A hasat least onerow.
Thefirst row of 4 matches the character-diagram header-line.
No identifier inthefirst row of 4 isthe distinguished-identifier 0 or [ or isa system-
function-name or niladic-system-function-name.
All rows after thefirst in 4 match the character-diagram body-line.

Note: The following definitions give propertiesof arraysthat are proper-defined-functions.

— Niladic: 4, anarray that isaproper-defined-function, isniladicif theform of thefirst
row of 4 isniladic-function-header.

— Monadic: 4, an array that isaproper-defined-function, ismonadicif theform of the
first row of 4 ismonadic-function-header.

— Ambivalent: 4, an array that isa proper-defined-function, isambivalent if the form
of thefirst row of 4 isambivalent-function-header.

— Monadic-Monadic-Operator: 4, an array that is a proper-defined-function, is
monadic-monadic-operator if the form of the first row of 4 is monadic-monadic-
operator-header.

— Monadic-Dyadic-Operator: 4, an array that is a proper-defined-function, is
monadic-dyadic-operator if theform of thefirst row of 4 ismonadic-dyadic-oper ator-
header.

— Ambivalent-Monadic-Operator: 4, an array that is a proper-defined-function, is
ambivalent-monadic-oper ator if theform of thefirst row of 4 isambivalent-monadic-
operator-header.

— Ambivalent-Dyadic-Operator: A, an array that is a proper-defined-function, is
ambivalent-dyadic-operator if the form of the first row of 4 is ambivalent-dyadic-
operator-header.

— Value-Returning: 4, an array that is a proper-defined-function, is value-returning
if, when header-line isthreaded with the first row of 4, the diagram result is threaded.

Note: The following terms categorise defined-functions according to their presenceon or absence
fromthe state-indicator .

200 APL Extended — DI'S 8485(1997)

1 May 1997 at 23:52



13.2. DEFINITIONS

— Suspended: v, asimple-identifier, issuspended if itisthefunction-name of acontext
that immediately follows an immediate-execution context.

— Pendent: v, asimple-identifier, ispendent if itisthefunction-name of acontext that
does not immediately follow an immediate-execution context.

— Waiting: v, asimple-identifier, iswaiting if atoken whose classis defined-function-
name and whose content isthe content of ¥ occursinthe stack of some context inthe
state-indicator of the active-workspace, and is not the first defined-function-namein
that stack.

Note: For example, if 7 and ¢ are defined function names, ¢ is waiting during the evaluation of ( F
2) intheline

(F 2) G 3.

— Editable: ¥, asimple-identifier, iseditableif the current-referent of ¥ isnil, or if al
thefollowing are true;
The current-class of v is defined-function, defined-operator or niladic-defined-
function.
The number-of-itemsinitsreferent-list isone.
N isneither pendent nor waiting.
N, if suspended, issuspended in only the cur rent-context.

Note: This definition requires that a confor ming-implementation be capable of editing the top
function onthestateindicator aslong asit hasnot beenlocalised and occur snowhereelseon the state
indicator. Thisminimal definitionisincluded to be certainthat all confor ming-implementationsbe
capable of interactive programcorrection.

— Globally-Erasable: Globally-Erasableisdefined for v, asimple-identifier, asfollows:

If no context of the state-indicator contains, initscurrent-statement, adefined-name
with content that of v, then v is globally-erasable.

Otherwise, let L bethe last (most global) context in whose local-name-list v appears.

If there isno such context then v isnot globally-erasable.

Otherwise, let ¢ bethelast (most global) context inwhose current-statement adefined-
name with content that of v appears.

If theindex of L isgreater-than or equal to that of ¢ then v isglobally-erasable.

Note: Informally, v is globally-er asableif it was localised beforeit was made waiting or pendent.

— Locally-Erasable: Locally-Erasableis defined for v, asimple-identifier, as follows:

If no context of the state-indicator contains, initscurrent-statement, adefined-name
with content that of v, then v islocally-erasable.

Otherwise, let I bethefirst (most local) context in whose local-name-list v appears.

If there isno such context then v isnot locally-erasable.

Otherwise, let ¢ bethefirst (most local) context inwhose current-statement adefined-
name with content that of v appears.

If theindex of ¢ isgreater than that of L, then v islocally-erasable.

Note: Informally, v islocally-er asableif it hasbeenlocalised since the last time it was madewaiting
or pendent. This definition is used in JEX to specify that the expression (OEx'F') F 1 bethe
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sameas o F 1; itisusedin OFX to specify that the expression (0FXx 1 1p'F') F 1 signal a
domain-error.

Note: The following operations provide information about arrays that are proper-defined-
functions.

— Function-Name of 4: For 4 a proper-defined-function, the simple-identifier that
matches function-name when the char acter-diagram header-line is threaded with the
first row of 4.

— Last-Line-Number of 4: For 4 a proper-defined-function, negative-one plus the
number-of-rowsin 4.

— Header-Name-List of 4: For A a proper-defined-function, a list of identifiers
developed as follows:
Thread the character-diagram header-line with thefirst row of 4.
Return a list of tokens consisting of identifiers that matched any of the character-
diagrams local-name, result-name, left-argument-name, right-argument-name
right-operand-name, or left-operand-name.

— Label-Name-List of 4: For A a proper-defined-function, alist of simple-identifiers

developed as follows:

Set 7 to the empty-list of tokens.

For each index I inthe closed-interval-between one and last-line-number of 4,
Thread the character-diagram body-linewith row I plusoneof 4.
If labelled-line was matched, append the smple-identifier token that matched the

character-diagram label-nameto Z asanew last item.
Return 7.

— Local-Name-List of 4: For 4 aproper-defined-function, alist of identifiersconsisting
of thelabel-name-list followed by the header-name-list.

— ldentifier-Matching D in A: For A a proper-defined-function and D a character-
diagram, asimple-identifier token developed as follows:
Thread the character-diagram header-line with thefirst row of 4.
Return a token of class simple-identifier whose content isthelist of characters that
matched D.

Note: Identifier-Matching is used to refer to the arguments and result of an arbitrary defined
function.

— Function-Line I of 4: For 4 aproper-defined-function, alist of characters devel oped
asfollows:
Thread the character-diagram body-linewith row I plusoneof 4.
Return the list of characters that matched the character-diagram linein body-line.

Note: The following operations affect symbols.
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Localise v:
Append anew firstitem, atoken of classnil, tothereferent-list of the symbol-named-
by v.

Delocalise v:
If the current-class of v isshared-variable, retract v.
Remove thefirst item from the referent-list of the symbol-named-by ».

Current-Canonical-Representation: The canonical-representation of the current-
function of the current-context in the active-workspace.

Current-Function-Line I': Function-Line I of thecurrent-canonical-representation.

Current-Last-LineeNumber: The last-lineenumber of the current-canonical-
representation.

Current-Stop-Vector: The stop-vector of the current-function of thecur rent-context
in the active-wor kspace.

Current-Trace-Vector: The trace-vector of the current-function of the current-
context in the active-wor kspace.

Current-L ocal-Names: Thelocal-name-list of the current-canonical-representation.

Current-Right-Argument-Name: Theidentifier-matching right-argument-namein
the current-canonical-representation.

Current-L eft-Argument-Name: Theidentifier-matching left-argument-namein the
current-canonical-representation.

Current-Result-Name:  The identifier-matching result-name in the current-
canonical-representation.

Current-L eft-Operand-Name: The identifier-matching left-operand-name in the
current-canonical-representation.

Current-Right-Operand-Name: Theidentifier-matchingright-operand-nameinthe
current-canonical-representation.

13.3 Diagrams

In these diagrams,

b standsfor permitted-blanks.
r standsfor required-blanks.

Header-Line

—Db b—form—b
[re;ultj Llocals-list—j

Y
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Example:

Z <A F B;C;0I0

Note: The header line indicates the name and syntactic class of the defined-function. It also gives
a list of identifiersto be localised when the defined-function is called.

This standard does not provide for end-of-line commentsin header lines.

Result

»— result-name — b — assignment-arrow ——»

Result-Name

»—— simple-identifier ——»

Form

»—~— niladic-function-headef — M »

M monadic-function-header .

N ambivalent-function-header .

M— monadic-monadic-operator-header —
M— monadic-dyadic-operator-header —

M ambivalent-monadic-operator-header —

\— ambivalent-dyadic-operator-header —

Niladic-Function-Header

»— function-name ——»

M onadic-Function-Header

»— function-name —r — right-argument-name ——

Ambivalent-Function-Header
»—— left-argument-name— r — function-name —r — right-argument-name ——

In the next four diagrams,
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la stands for |eft-argument-name

ra stands for right-argument-name
mop stands for monadic-operator-part
dop stands for dyadic-oper ator-part
Monadic-M onadic-Operator-Header

—b —mop —b —ra ——

Monadic-Dyadic-Operator-Header

»—Db —dop —b —ra ——

Ambivalent-M onadic-Operator-Header

»—1Ila —b —mop —b —ra ——

Ambivalent-Dyadic-Oper ator-Header

—Ila —b —dop —b —ra ——

Monadic-Operator-Part

»—( —b —Ileft-operand-name —r — function-name —b —) ——

Dyadic-Operator-Part

»—( —b —I€eft-operand-name —r — function-name —r —right-operand-name —b —) ——

Right-Argument-Name

»—— simple-identifier ——

L eft-Argument-Name

»—— simple-identifier ——»
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Right-Operand-Name

»—— simple-identifier ——

L eft-Operand-Name

»—— simple-identifier ——

Locals-List

local-marker — b — local-name—b

Colon

Local-Marker

—_— —

Function-Name

»—— simple-identifier ——

L ocal-Name

»— identifier —»

L abel-Name

»—— simple-identifier ——

Body-Line

—Db |labdled-line

line
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Labelled-Line

»—label-name—b —colon— b — line—»

Permitted-Blanks

L blank —J

Required-Blanks

13.4 Operations

13.4.1 Call-Defined-Function

Z <« DFN

Z <« DFN B

AN
IS

A DFN B

f DFNV B

AN
IS

A f DFN B

AN
IS

Z

4

f DFN g B

4

7 <« A f DFN g B

Informal Description: Z isthevalue of the variable given as theresult name in the header
line of the defined function whose nameis DFN. If thereis no result name, Z isnil.

Evaluation Sequence:

Generate anew context in which
mode is defined-function,
current-line isthe empty list of characters,
current-function isthe current-referent of DF W,
current-line-number isone,
current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
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Append the new context to the state-indicator of the active-workspaceasanew first
item.
L ocalisethe current-local-names.
Forformz<A f DFN g B
If current-function is not ambivalent-defined-dyadic-operator, signa valence-
error.
Set the symbol-named-by current-left-argument-nameto 4.
Set the symbol-named-by current-left-operand-nameto f.
Set the symbol-named-by current-right-operand-nameto g.
Set the symbol-named-by current-right-argument-nameto B.
For form z<f DFN g B
If current-function is not monadic-defined-dyadic-operator, signal valence-
error.
Set the symbol-named-by current-left-operand-nameto f.
Set the symbol-named-by current-right-operand-nameto g.
Set the symbol-named-by current-right-argument-nameto B.
Forformz<4 f DFN B
If current-function is not ambivalent-defined-monadic-operator, signal
valence-error.
Set the symbol-named-by current-left-argument-nameto 4.
Set the symbol-named-by current-left-operand-nameto f.
Set the symbol-named-by current-right-argument-nameto B.
For form z<f DFN B
If current-function is not monadic-defined-monadic-operator, signa valence-
error.
Set the symbol-named-by current-left-operand-nameto f.
Set the symbol-named-by current-right-argument-nameto B.
Forformz «4 DFN B
If current-function isnot ambivalent, signa valence-error.
Set the symbol-named-by current-left-argument-nameto 4.
Set the symbol-named-by current-right-argument-nameto B.
Forform z «DFN
If current-function isnot niladic, signal valence-error.
For al indices I inthe closed-interval-between one and current-last-line-number,
If row I plusoneof canonical-representation matches the diagram labelled-line,
set the current-referent of the simple-identifier that matches label-name to a
token of class label and content the numeric-scalar with value 7.
Set 7 to defined-function-control.
Delocalise the current-local-names.
Remove thefirst-item in the state-indicator of the active-wor kspace.
If Z isescape, signa unwind.
Otherwise, return Z.

Note: Tokensof classescapeare convertedto tokensof classunwind so that immediate-execution

can distinguish an escape issued in immediate-execution mode from one issued in a defined-
function.

The context attribute current-function includes the function itself plus its trace and stop vectors.
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13.4.2 Defined-Function-Control

Informal Description: This procedure controlsthe execution of auser defined function.
Evaluation Sequence:

Set 7 to atoken whose classisnil.
Let I stand for current-line-number.
Set T toone.
Repeat:
If I isinthe current-stop-vector, set attention-flag to one.
If Z isanerror or attention-flagisone,
Set v to immediate-execution with Z.
If v isescape or clear-state-indicator, return .
If v isbranch, set I tothe content of v.
If T isnotinthe closed-interval-between one and current-last-line-number,
If the current-function is not value-returning, return nil.
If the current-class of the current-result-name is variable or nil, return the
current-referent of the current-result-name.
Otherwise, signa value-error.
Set 7 to evaluate-line of current-function-line I.
If Z isescape, unwind, or clear-state-indicator, return z.
If Z isbranch, set I to the content of Z.
If Z isvalueor nil, set T to I plusone.
(End of repeated block)

Note: The attention-flag is reset by the user facility enter.
The class of the token returned by evaluate-line for -1 0 is nil, not branch.

The value-error signalled from defined-function-control is signalled in the line that invoked the
defined function; the error is introduced to prevent confor ming-programs from exiting a defined-
function with the current-class of the result-name set to such classesas defined-function, niladic-
defined-function, and shared-variable.
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13.4.3 Function Fix

Z

< 0JFX B

Informal Description: Z is, for B the canonical-representation of a defined function or
operator having function-name v, a character vector holding v. As a side effect, the
defined function that B represents is established as the current referent of ¥. Rows of B
that are all blanks giveriseto blank linesin the established function.

Evaluation Sequence:

210

If therank of B isnot two, signd rank-error.
If Bisan empty array, signa length-error.
If any item of theravel-list of B isnot a character, signal domain-error.
If B isnot aproper-defined-function, signal domain-error.
If identifiers are duplicated in the local-name-list of B, signal domain-error.
Let v stand for the simple-identifier that matches function-namein thefirst row of
B.
If thecurrent-class of v isnot defined-operator, defined-function, niladic-defined-
function, or nil, signal domain-error.
If v isnot locally-erasable, signal domain-error.
Set the current-referent of v to adefined-function or defined-operator for which
canonical-representation is set from B,
stop-vector is 10,
trace-vector is 0.
Return acharacter vector Z such that thelength of Z isthe number-of-itemsinthe
content of ¥ and theravel-list of Z isthe content of v.
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13.4.4 Character Representation

Z <« [OCR B

Informal Description: Z isa character matrix representation of the defined function or
operator named by B.

Evaluation Sequence:

If therank of B isgreater-than one, signal rank-error.

If thelength of B iszero, signa length-error.

If B does not match the character-diagram identifier-row, signa domain-error.

If the current-class of B is not defined-operator, defined-function or niladic-
defined-function, signal domain-error.

Otherwisereturn atoken whose classisconstant and whose content isthe canonical -
representation of the current-content of B.

Additional Requirement:

The formal model of APL used in this standard assumes that the interna representation
of a defined function is precisely the character matrix satisfying the requirements for a
proper-defined-function that was supplied as an argument to function fix. Representation
of defined functionsin thisway in an implementation is neither required nor suggested.

The preservation of numeric literals and blanks as entered is desirable in the character
representation, but it is not required by thisstandard. 0CR OFX OCR OFX X shdl bethe
sameasOCR OFX X, if X isaproper-defined-function.

If numeric-literals are stored as number s in defined-functions, they are to be formatted
with print-precision set to full-print-precision.

13.5 Function Editing

Note: The function editing facilities described here are included to provide the APL programmer
with a standard method for entering and correcting defined functions.

13.5.1 Evaluate-Function-Definition-Request

Evaluate-Function-Definition-Request 9.

Note: This subsection provides minimal facilities for the establishment and alteration of defined-
functions.
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An identifier can be edited by the function editing facilities only if it is is editable. The header line
of a defined-function can be altered only if the function-nameis locally-er asable.

In function-definition mode, lines of the function being edited are temporarily associated with
numbers in decimal-rational form by an unspecified mechanism. When a function is closed, the
order of the lines given by the line number associated with each line is maintained.

The display of a function should be the same as the entries required to add the function to a clear-
wor kspace.

This operation is called by immediate-execution when it recognisesa function-definition-line.
Evaluation Sequence:

Thread opening-request with @; if @ does not match opening-request, signa
definition-error.
Rethread opening-request with @, taking the following actions:
When creation-request is matched,
Set ¢ tothelist of characters that matched creation-request.
Set v tothesimple-identifier that matched function-nameinG.
If the current-class of v is not nil and G does not match identifier-row, signal
definition-error.
When change-reguest is matched,
Set v to the simple-identifier that matched the diagram subject-function in
change-request.
Set ¢ tothelist of characters that matched initial-request.
If the current-class of ¥ isnil, set ¥ to anew defined-function for which
Canonical-Representationiso op' '
Stop-Vector is10
Trace-Vector is10.
Otherwise,
If v isnot editable, signal definition-error.
Set M to the current-referent of v.
Generate a new context inwhich
mode is function-definition,
current-lineisa,
current-function is M,
current-line-number isthe number-of-rows in the canonical-representation of
M,
current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
Append the context as a new first item to the state-indicator.
Repeat:
Set 7 to evaluate-editing-request.
If Z iscommand-complete,
Remove thefirst-item in the state-indicator of the active-wor kspace.
Return Z.
If Zisanerror, display Z.
Set current-prompt to function-definition-prompt of current-line-number.
Set current-line to read-keyboard.
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(End of repeated bl ock)

Additional Requirement:

The prompt in definition mode is a line number enclosed in brackets. Line numbers are
alwaysdisplayed in decimal-rational form. The line number of the header isawayszero;
itisnot affected by index-origin.

13.5.2 Evaluate-Editing-Request

Evaluate-Editing-Request
Informal Description: This subsection acts on asingleline of input to the editor.
Evaluation Sequence:

Let ¢ stand for the current-canonical-representation.
Let v stand for the simple-identifier that matches function-namein function-line.
Let s stand for the current-stop-vector.
Let 7 stand for the current-trace-vector.
Thread general-request with current-line; if general-request does not match
current-line, signa definition-error.
Otherwise, rethread general-request with current-line, taking the following actions:
When positioning-request is threaded,
Set I to the numeric-input-conversion of the list of characters that matched
line-number in positioning-request.
If L isanegative-number, signa definition-error.
If L isgreater-than definition-line-limit, signal limit-error.
Set current-line-number to L.
When deletion-request isthreaded,
Set I to the numeric-input-conversion of the list of characters that matched
line-number in deletion-request.
If L isnot apositive-number, signa definition-error.
If L isgreater-than definition-line-limit, signa limit-error.
Set current-line-number to L.
Delete from ¢ the row associated with L, if it exists.
Delete from S and T the item associated with L, if it exists.
When display-request isthreaded, display function-display of C.
When function-lineisthreaded, if function-linedoesnot match per mitted-blanks,
If current-line-number iszero,
If function-line does not match header-line, signa definition-error.
If v isnot locally-erasable, signal definition-error.
Set therow of ¢ associated with current-line-number to thelist of characters
that matched function-line.
If current-line-number isnot an integer, or isgreater-than current-last-line-
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number, set the items of s and T associated with current-line-number to
Zero.
Set current-line-number to next-definition-line of current-line-number.
When end-definition is matched,
If ¢ isnot aproper-defined-function, signa definition-error.
If identifiersare duplicated in the local-name-list of ¢, signd definition-error.
Set the current-referent of v to adefined-function for which
Canonical-Representation is C.
Stop-Vector isS.
Trace-Vector isT.
Return command-complete.

13.5.3 Diagrams

In these diagrams,
b standsfor permitted-blanks.

Opening-Request

—b —ded Icreation-reque;tj—>
change-request

Creation-Request

»— header-line ——

Change-Request

»—— b — subject-function — b — initial-request ——»

I nitial-Request

»—— left-bracket —@j—>
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General-Request

»
>

—Db positioning-request
[ b J qunction-line—J L end-definition J

deletion-request

positioning-request L display-request
b

Positioning-Request

»—— left-bracket — b — line-number — right-bracket ——

Deletion-Request

»—left-bracket —b — delta— b — line-number — right-bracket ——

Display-Request

»—left-bracket —b — quad — b —right-bracket ——

Function-Line

»— body-line——

End-Definition

—b—dd —b ——

Line-Number

»——decimal-rational —b —»

Subj ect-Function

»—— simple-identifier ——

Delta

— A ——
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L eft-Bracket

—_— [ —

Right-Bracket

e E——

216

1 May 1997 at 23:52

APL Extended — DI 'S 8485(1997)



14

Shared Variables

14.1 Informal Introduction

This section gives an informal introduction to the Shared-Variable-Protocol. The
evaluation sequences which follow this introduction determine the required behaviour
of shared-variables exactly.

The Shared-Variable-Protocol is an optional-facility. The Shared-Variable-Protocol
is described in this document as an interface between cooperating sessions, but it may
also be used to provide an interface between a session and an auxiliary processor. An
auxiliary processor is a program, written in any programming language, that typically
provides access to facilitiesin the underlying operating system, such as file systems.

A shared-variable can be shared by precisely two partners, each either a session or an
auxiliary processor.

Conforming-programsthat usethe Shared-Variable-Protocol should document thisfact,
since the Shared-Variable-Protocol isnot adefined-facility of this standard.

Operations

There are conceptually four operationsinvolved in the Shared-Variable-Protocol: offer,
retract, set, and reference.

Sharing

Offer is an operation provided to permit sessions to share shared-variables. A given
shared-variable can be shared between at most two sessions. Once ashared-variable has
been shared, assignments made to it in one session are visiblein the other session.

In the evaluation sequences for the Shared-Variable-Protocol, sharing is accomplished
by appending tokens of class shared-variable to the shared-variable-list which can be
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14. SHARED VARIABLES
accessed by al active-workspacesin the system.

Any Shared-Variable-Protocol operation may cause asession to be delayed while another
session changes ashared-variable or adds an item to the shared-variable-list.

Sharing begins when one session offers to share a symbol whose current-class is nil
or variable. The system adds a new shared-variable to the shared-variable-list and
returnsthe shared-variableto the offering session. The shared-variablethen replacesthe
current-referent of the offered symbol.

Therearetwoformsof offers. A specific-offer identifiesaparticular session asthe partner;
the general-offer does not.

Two offers match if both sessions use the same shared-name and:
At least one of the offersis a specific-offer.
Either specific-offer identifiesthe other session.

Consequently, two gener al-offer s do not match.

Once both sessions have shared the shared-variable, the shared-variableisthe current-
referent of asymbol inboth active-wor kspaces, and achangemadeto theshared-variable
by one session will bevisibleto the other session.

Note that two sessions can share more than one shared-variable, that a given session can
share shared-variables with more that one other session, and that each shared-variable
can be shared by only two sessions.

Retracting

Two sessions, coupled by a shared-variable, decouple when either retracts the shared-
variable. This leaves the shared-variable in the same state it would have been had the
remaining session made a specific-offer to the session that retracted. |If the remaining
session retracts, the shared-variable becomes inaccessible to the sessions.

Degree of Coupling

All symbals in the symbol-table of an active-workspace have a degree of coupling.
Thisis zero if thecurrent-referent is not ashared-variable, oneif the current-referent
is a shared-variable that is offered to another session, and two if current-referent isa
shared-variable shared with another session.

Naming

For any session, therearetwoidentifier sassociated withagiven shared-variable. Thefirst
is the name of the symbol whose current-referent isthe shared-variable; the second is
the shared-name of the shared-variable. The shared-nameisthe name used in matching
offersto share.

Only thenameof thesymbol isrequired for invoking any of the Shared-Variable-Protocol
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14.1. INFORMAL INTRODUCTION
system functions other than Shared Variable Offer.

Setting, Referencing, and Using
Each partner can set and reference the shared-variable.

A shared-variable is set when the operation shared-variable-assignment or shared-
variable-indexed-assignment is called. A shared-variable is referenced when the
operationshared-variable-referenceiscalled. A shared-variableisused whenitiseither
set or referenced. Both indexed assignment and indexed reference of shared-variables
are possible.

Synchronisation

Synchronisation of sessionssharing ashared-variableisachieved by access control. With
each shared-variableis associated an access-control-vector, which is designated here as
the4cv. The Acv isafour element Boolean vector that is accessible to a session through
the Shared-Variable-Access-Control-Inquiry operation.

The order of the elementsin the 4ACV isrelative to the viewing session. When session A,
sharing a shared-variable with session B, viewsthe ACV, its e ements have the following
meanings:

— If AcV[ 1] isone, once A has set the shared-variable B must useit before A can set it
again.

— If AcV[2] isone, once B has set the shared-variable A must useit before B can set it
again.

— If 4cv[3] isoneg, once A has used the shared-variable B must set it before A can
reference it again.

— If 4cv[u] isone once B has used the shared-variable A must set it before B can
reference it again.

If asession attempts to use a shared-variable when not permitted to by the above rules, it
isdelayed until the partner has performed the required intermediate operation.

The rules can be summarised in athree-state state diagram. Let A be the session that made
theinitial offer. Then the states are as follows:

— State 0: The shared-variable has been referenced by the partner of the session that
last set it.

— State 1: Theshared-variablewaslast set by A and has not been referenced by B since
then.

— State2: Theshared-variablewaslast set by B and has not been referenced by A since
then.
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14. SHARED VARIABLES

Action attempted: | SETby A | SETbyB | REFby A | REFby B
Current state: 0 + + 13 4
1 + 3
2 + i
Next state: o 1 2|0 1 2|0 1 2|0 1 2

Figure 2: Shared Variable Access Rules.

State O is the state entered when the shared-variable isinitially offered. Note that only
an explicit assignment is considered a set to the shared-variable. The act of transferring
the current-content of a symbol to the shared-value of a shared-variable when an offer
is made is not a set. The state is not affected by retraction and re-sharing. Figure 2
summarises the state transitions permitted. In the figure, the action is always permitted if
thereisa+ in therow corresponding to theinput state. The columnin which the + appears
determines the output state. A digit in the row indicates that the corresponding element in
the 4Cv as seen by A must be zero.

For example, if the state of ashared-variableiso andtheAcViso 0 1 0,session A can
assign anew vaueto thevariable (SET by A), but must wait until the variableisin state 2
torefer to it (REF by A).

Notethat al digitslie along the diagonal in these matrices, indicating that only actionsthat
do not change the state can be blocked by the 4cVv. That is, the AcV can only prevent a
given session from referencing or setting a shared-variable twicein arow.

Other Rules

Retraction of al the shared-variables in a session takes place when a new workspace
is loaded, the active-workspace is cleared, or the session ends. A shared-variable is
automatically retracted when the shared-variable is erased, expunged, or replaced by
a ) coprPy command, or, if it islocal, when the function to which it is loca terminates
execution. The state of sharing is not saved in alibrary workspace.

The shared variable mechanism must appear to the user to be consistent with one in which
there exists asingle copy of each shared-variable. Specifically, this means:

— When ashared-variableisinitialy offered, its value, if any, becomes the shared-value
of the shared-variable.

— When an offered shared-variableis matched, it retainsitsvalueif it has one. If it does
not have avalue, it takes on the value (if any) in the matcher’s workspace.

— When ashared-variableis retracted, its value in the retractor’s workspace is the value
last set by either partner before the retraction.

Note that, since there is conceptually a single copy across a period of sharing, no use is
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implied in the above rules for making the value of a shared-variable available.

It must appear to the APL user that sessions communicating via shared-variables are
independently scheduled. Any synchronisation between the sessions must appear to be by
meansof thedel ayscaused by accessing shared-variables. The proceduresused to describe
the Shared-Variable-Protocol are written as though synchroni sation conflictsdo not occur
when two sessions are accessing the shared-variable-list or the same shared-variable.

A limit-error may occur during the retraction of an active shared-variable if there is
not enough room in awor kspace for the shared-value of the shared-variable. When the
expected systemactionistoignorethevariable(asinthecase of ) CLEAR or delocdisation),
alimit-error isnot signalled.

14.2 Definitions

— ldentifier-Pair-Array: A character array of rank two in which each row matchesthe
character-diagram identifier-pair-row.

14.3 Diagrams
In thefollowing, b stands for blank.

| dentifier-Pair-Row

>—@—simple-identifierL Lb_] j -

— identifier-row

14.4 Operations

14.4.1 Primary-Name

Primary-Namein 4: For 4, acharacter vector that matches identifier-pair-row, thefirst
simple-identifier matched in identifier-pair-row.

14.4.2 Surrogate-Name

Surrogate-Name in A: For 4, a character vector that matches identifier-pair-row, the
last smple-identifier matched inidentifier-pair-row.
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14.4.3 Degree-of-Coupling

Degree-of-Coupling of v: For symbol v, anumber defined as follows:
If the current-class of v isnot shared-variable, zero.
Otherwise, using the current-referent of v, the sum of session-A-active and session-
B-active.

1444 Access-Control-Vector

Access-Control-Vector of N: An operation that, for ¥ a shared-variable, is defined as
follows:
Using v,
Let 4cvA stand for session-A-ACV and ACVB stand for session-B-ACV.
If this-session issession-A, return ACVAVACVB.
If this-session issession-B, return (ACVAVACVB) [2 1 4 3].

1445 Offer

Offer s to P with value v: An operation defined as follows:
Let x stand for theitem in the shared-variable-list with the smallest index such that
shared-nameiss.
session-A isthis-session or, if P isnot general-offer, general-offer.
session-A-activeis zero.
session-B is P.
session-B-activeisone.
or
shared-nameiss.
session-A is P.
session-A-activeisone.
session-B isthis-session or, if P isnot general-offer, general-offer.
session-B-activeis zero.
If such ashared-variable exists,
If shared-valueisnil, set shared-valueto 7.
If session-A-activeiszero,
Set session-B-event to one.
Set session-A-activeto one.
Set session-A to this-session.
If session-B-activeis zero,
Set session-A-event to one.
Set session-B-activeto one.
Set session-B to this-session.
Return x.
Otherwise, create anew shared-variable, v, asfollows:
shared-nameiss.
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session-A isthis-session.
session-A-activeisone.
session-A-ACViso 0 0 o.
session-B is P.
session-B-activeis zero.
session-B-ACViso 0 0 o.
shared-valueis V.
stateiszero.
session-A-event is zero.
session-B-event isone.
Append Y to the shared-variable-list asanew last item.
Return y.

1446 Retract

Retract nN: An operation that, for ¥ a shared-variable, isdefined as follows:
Using v,
If session-A isthis-session, set session-A-activeto zero.
If session-B isthis-session, set session-B-activeto zero.
Signal-event.
Clear-event.

1447 Shared-Variable-Reset

Shared-Variable-Reset
For each item in the shared-variable-list,
If session-A isthis-session, set session-A-activeto zero.
If session-B isthis-session, set session-B-activeto zero.
For each symbol v of the symbol-tableof the active-workspace,
For each token T inthereferent-list of v,
If T isashared-variable, set T to atoken whose classisnil.

Note: In the model, a shared-variableis never reused. It is effectively discarded once session-A-
active and session-B-active are both zero.

1448 Report-State

Report-Statefor n: An operation that, for ¥ ashared-variable, isdefined as follows:
Using v,
If tateiszero, returno o 1 1.
Otherwise,
If stateisoneand session-A isthis-session,
or if stateistwo and session-B isthis-session,
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Return1 o 1 0.
Otherwisereturno 1 o 1.

1449 Signal-Event

Signal-Event for ~: An operation that, for v ashared-variable, is defined as follows:
Using v,
If session-A isthis-session, set session-B-event to one.
If session-B isthis-session, set session-A-event to one.

14.4.10 Clear-Event

Clear-Event for n: An operation that, for ¥ ashared-variable, isdefined as follows:
Using v,
If session-A isthis-session, set session-A-event to zero.
If session-B isthis-session, set session-B-event to zero.

145 Shared Variable Forms

145.1 Shared Variable Reference

7 <« SHV
Informal Description: Return the value of a shared variable.
Evaluation Sequence:

Using the current-content of SHV,

Let 4¢V stand for access-control-vector.

Let ASV stand for report-state.

Set AtOACVAASY.

If AT2] or A[3] isone, signal-event.

Wait until at least one of thefollowingistrue:
ACV[3] iszero.
Stateistwo and session-A isthis-session.
Stateisone and session-B isthis-session.

If either of thefollowingistrue, set Stateto zero:
Stateistwo and session-A isthis-session.
Stateisone and session-B isthis-session.

Clear-event.

Return Shared-Value.
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Note: Thisoperationisall thatisrequiredfor shared-variable-indexed-reference, sincethe phrase-
evaluator callsindexed referencewith a value, not a name.

145.2 Shared Variable Assignment

Z <« SHV <« B

Informal Description: Z isB. Asasideeffect, thevalueB isassigned tothe shared variable
SHYV.

Evaluation Sequence:

Using the current-content of SHV,

Let 4cVv stand for access-control-vector.

Let ASV stand for report-state.

Set AtOACVAASY.

If AL1] or A[4] isone, signal-event.

Wait until a least one of thefollowingistrue:
ACV[1] iszero.
Stateisnot one and session-A isthis-session.
Stateis not two and session-B isthis-session.

Set shared-valueto B.

If session-A isthis-session, set stateto one.

If session-B isthis-session, set state to two.

Clear-event.

Return atoken whose classis committed-value and whose content is B.
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145.3 Shared Variable Indexed Assgnment

Z < SHV[I] « B

Informal Description: Z isB. Asasideeffect, elements of the array sH#V selected by the
position and values of the arraysintheindex-list T are replaced by e ements of the array
B.

Evaluation Sequence:

Using the current-content of SHV,

Let 4cVv stand for access-control-vector.

Let ASV stand for report-state.

Set AtOACVAASY.

If AT1] or A[4] isone, signal-event.

Wait until at least one of thefollowingistrue:
ACV[1] iszero.
session-A isthis-session and stateis not one.
session-B isthis-session and stateis not two.

If the current-class of shared-valueisnil, signal value-error.

Set ¢ to shared-value.

Search theform-tablefor z <V [I] <B.

Cadll the corresponding eval uation sequence, passing ¢ asthevalue of V.

Set 7 to thetoken it returns.

If Z isan exception, return Z.

Otherwise,
Set shared-valueto C.
If session-A isthis-session, set state to one.
If session-B isthis-session, set stateto two.
Clear-event.
Return Z.

Note: Indexed assignment of a shared variable constitutes a set, not a reference, of the shared-
variable.

14.6 Shared Variable System Functions

14.6.1 Shared Variable Access Control Inquiry

Z < 0sSvCc B

Informal Description: Each row of Z isthe access-control-vector of the shared variable
named by the corresponding row of B.

Evaluation Sequence:
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If therank of B isgreater-than two, signa rank-error.
SetB1to (" 241 1,pB)pB.
If any item of theravel-list of B1 isnot acharacter, signal domain-error.
SetZto((1+pB1),4)p0.
For every T in 1 14pB1, evaluated with index-origin set to one,
Let B2 stand for row I of B1.
If B2 matchesidentifier-row,
Set v tothesimple-identifier in B2.
If the current-class of v isshared-variable,
Set row I of Z to access-control-vector of the current-referent of v.
Otherwise, signal domain-error.
Return ( ("14pB) ,4)pZ.
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14.6.2 Shared Variable Query

Z <« [0SVd B

Informal Description: Z isone of thefollowing:
An array representing sessions offering to share variables with this session.
An array representing the names of shared variables offered to this session by another

session.
Evaluation Sequence:

If session-identification-typeischaracter, and B isthe general-offer,
SetZtoo op' .
Using each item of the shared-variable-list,
If
session-A isthis-session and
session-A-activeiszero and
session-B-activeisone,
Set S to session-B.
SetZto((pZ)l0,pS),[2]1(( 14p2Z)TpS)+S,evaluated withindex-
origin set toone.
If
session-A-activeisone and
session-B isthis-session and
session-B-activeis zero,
Set S to session-B.
SatZto((pZ)l0,08),[1]1(( 14p2Z)TpS)+S,evaluated withindex-
origin set toone.
Return Z.
If session-identification-typeisnumeric, and B is zero, signal domain-error.
If session-identification-typeisnumeric, and Bis 10,
Set Zto 0.
Using each item of the shared-variable-list,
If dl of thefollowing are true,
session-A isthis-session.
session-A-activeis zero.
session-B-activeisone.
append session-B as a hew last element to the vector Z.
If dl of thefollowing are true,
session-A-activeisone.
session-B isthis-session.
session-B-activeis zero.
append session-A asanew last element to the vector Z.
Return ((Z12)=102)/7Z.
Otherwise,
If B isnot a session-identification, signal domain-error.
If B isthis-session, signal domain-error.
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Set 7 tothe empty character array of rank two.
Using each item of the shared-variable-list,
If dl of thefollowing are true,
session-A isthis-session.
session-A-activeis zero.
session-BisB.
session-B-activeisone.
append shared-name as anew last row to the identifier-array Z.
If dl of thefollowing are true,
session-A isB.
session-A-activeisone.
session-B isthis-session.
session-B-activeis zero.
append shared-name as anew last row to the identifier-array Z.
Return Z.

14.6.3 Shared Variable Degree of Coupling

Z < 0SvVo B

Informal Description: Z is a numeric vector in which each element is the degree of
coupling of the symbol named by the corresponding row of B.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
SetB1to (" 241 1,pB)pB.
If any item of theravel-list of B1 isnot acharacter, signal domain-error.
SetZto(14pB1)p0.
Forevery Tini114pB1,
Let B2 stand for row I of B1.
If B2 matchesidentifier-row,
Set v tothe primary-namein B2.
Setitem T of theravel-list of Z to degree-of-coupling of the symbol-named-by
N.
Otherwise, signal domain-error.
Return Z.

Note: Degree-of-coupling is a property of symbols, not shared-variables.
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14.6.4 Shared Variable Offer

Z « A U0SVO B

Informal Description: Z isanumeric vector representing the degree-of-coupling of the
identifiers in the rows of the identifier-pair-array B after the operation. As a side
effect, dyadic 0SV0 shares variables with another session. B is an identifier-pair-
array representing the names of variables to be shared. 4 is a session-identification,
representing the session with which the namesin B are to be shared.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
If any item of theravel-list of B isnot a character, signal domain-error.
If 4 isnot avalid session-identification, signa domain-error.
If this-session is 4, signal domain-error.
SetB1to (241 1,pB)pB.
Forevery Tini11+4pB1,
Let B2 stand for row I of B1.
If B2 does not match identifier-pair-row, signa domain-error.
Otherwise,
Set v tothe primary-namein B2.
Set S tothesurrogate-namein B2.
If the current-class of v is neither shared-variable, variable nor nil, signal
domain-error.
If the current-class of ¥ isvariableor nil,
Set Vv to the current-referent of v.
Set ¥ to offer S to 4 with valuev.
Set the current-referent of N to v.
ReturnJ.svo B.

Note: This operation does not allow for multiple session-identifications.
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14.6.5 Shared Variable Retraction

Z <« USVR B

Informal Description: Elements of Z hold the degree of coupling that the identifier
represented in the corresponding row of theidentifier-array B had, beforethisretraction.
Asaside effect, 0SVR retracts any shared-variables named in B.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
SetBi1to( 241 1,pB)pB.
Set Z to0SVO B1.
If Zisanerror, return Z.
Forevery Tini114pB1,
Let B2 stand for row I of B1.
If B2 matchesidentifier-row,
Set v tothesimple-identifier in B2.
If the current-class of v isshared-variable,
Set sv tothecurrent-referent of .
Set the current-referent of v to shared-value of sv.
Retract svV.
Otherwise, signal domain-error.
Return Z.
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14.6.6 Shared Variable Access Control Set

Z « A USVC B

Informal Description: Z is the access-control-vector of each of the shared variables
represented by the identifier-array B when 0svc¢ completes. As a side effect, 0svC
setsto 4 the contributionthis session makes to the combined access control vector of the
shared variables.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
SetB1to (241 1,pB)pB.
If therank of 4 isgreater-than two, signa rank-error.
If thefirstitem of (T144,p4) isnot four, signal length-error.
If Aisascalar or avector,set A1t0 ((14pB1),4)pA.
Otherwise, set 41 to 4.
If 14pA1 isnotthesameas 1+pB1, signal length-error.
If any item of theravel-list of B1 isnot acharacter, signal domain-error.
If any item of theravel-list of A1 isnot anear-Boolean, signal domain-error.
Set 42 tothe Boolean-array-nearest-to A 1.
Forevery Tini114pB1,
Let B2 stand for row I of B1.
If B2 matchesidentifier-row,
Set v tothesimple-identifier in B2.
If the current-class of v isshared-variable,
Let Acv standforrow I of A2.
Using the current-content of v,
If session-A isthis-session, set session-A-ACV to ACV.
If session-B isthis-session, set session-B-ACV toAcv(2 1 4 3].
Signal-event.
Otherwise, signal domain-error.
Return0svce B.
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14.6.7 Shared Variable StateInquiry

Z < 0SVS B

Informal Description: Each row of Z isaboolean 4-element representation of the state
of the shared variable named by the corresponding row of B, as seen by this-session.
It may be combined with the access-state-vector to show which accesses are currently
possiblefor the shared-variable.

Evaluation Sequence:

If therank of B isgreater-than two, signa rank-error.
SetB1to (241 1,pB)pB.
If any item of theravel-list of B1 isnot acharacter, signal domain-error.
SetZto((1+pB1),4)p0.
For every T in 1 14pB1, evaluated with index-origin set to one,
Let B2 stand for row I of B1.
If B2 matchesidentifier-row,
Set v tothesimple-identifier in B2.
If the current-class of v isshared-variable,
Set row T of Z toreport-state of the current-referent of v.
Otherwise, signal domain-error.
Return (("14pB) ,4)pZ.
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14.6.8 Shared Variable Event

OSVE « B
Z <« 0OSVE

Informal Description: Assignment to the system variable starts a timer. The specified
number of seconds is the maximum time the program will wait for a shared-variable-
event.

Reference to the system variable suspends program execution until a shared-variable-
event occurs, or until maximum time has elgpsed. Then Z isthe remaining timein the
timer, and al outstanding shared-variable-events are cleared.

A shared-variable-event occurs whenever a new offer to share a variable occurs, or
whenever certain operations are performed on a shared variable by the partner (see the
various Eval uation Sequences in this chapter).

Evaluation Sequence:

For foomQOSVE <« B
Set T0 to current-timein seconds.
If B isnotascalar, signa rank-error.
If any item of the rave-list of B is not a nonnegative-number, signa domain-
eror.
Set event-timeto To plusB.
Forformz < OSVE
Wait until a least one of thefollowingistrue:
current-timeisnot less-than event-time.
For any item v in the shared-variable-ligt,
Using v,
If session-A isthis-session, session-A-event isone.
If session-B isthis-session, session-B-event isone.
Return event-time minus current-time.
For each item v inthe shared-variable-list, clear-event for iv.
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15

Formatting and Numeric Conversion

15.1 Introduction

The mapping of arrays of numbersinto arrays of charactersis referred to as formatting.

Note: The form, field width, and number of digits in a formatted number can be specified explicitly
through the use of dyadic format, or left to be chosen by the system. Confor ming-programsthat
depend upon a particular selection of formatting parameter sshould employ dyadic for mat.

15.2 Numeric Conversion

Note: Conversion involves the transformation of lists of characters to and from numbers.
This conversion is performed by the implementation-algorithms numeric-input-conversion and
numeric-output-conversion.

The accuracy and rounding propertiesof numeric-input-conver sion and numeric-output-
conversion are interdependent. The most significant property of these implementation-
algorithmsisthefollowing:
For any numeric scalar X, when print-precision is set to full-print-precision, X shall
bethesameas 23 X.

15.21 Numeric-Input-Conversion

Numeric-Input-Conversion of C.

Informal Description: Numeric input conversion converts numeric values represented in
decima notation as lists of characters into equivalent number s—numeric quantities
whose format isimplementation-defined.
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15. FORMATTING AND NUMERIC CONVERSION

In the following, ¢ stands for areal-number, or thereal-part or imaginary-part of a
complex-number.

Evaluation Sequence:

Let I and ¢ be respectively the most negative and the most positive abstract numeric
values represented by al numeric-scalar-literals producible by numeric-output-
conversion for al numbersand all valid values of print-precision.

Let T be the set of al lists of characters that match the diagram numeric-scalar-
literal and have abstract numeric values lying in the closed interval between . and
G.

If ¢ isnot an element of T, signd limit-error.

Otherwise,

Let ¢ stand for the abstract numeric value of C.
If cisthe same as some number v, return v.
If cisgreater than positive-number-limit, return positive-number-limit.
If cisless-than negative-number-limit, return negative-number-limit.
Otherwise, ¢ lies between two numbers. Return one that permits numeric-input-
conversion to satisfy the following property:
For any two numeric-scalar-literals ¢1 and ¢2, if the abstract numeric value
of C1 is less than the abstract numeric value of C2, then numeric-input-
conversion of C1 isnot greater-than numeric-input-conversion of 2.

Examples:

1-1.000000000000000000000000000000000001

0
1-0.999999999999999999999999999999999999
0
0.00000000000000000001E20
1
0F999
0
1E79999 = 0
1
2.5E4-25000
0

Note: In many programming languages, the syntactic form of a literal is used to determine the
datatype of the corresponding number. Thisis not soin APL. Therefore, it isimportant that the input
conversionroutine not make distinctions between different for ms of the same abstract numeric value.
2 . 5E4 should producethe samenumber as25000 doesand 002 should producethe same number
as 2 does.

Every number can be obtained by converting some numeric-scalar-literal.

Theset 7 in the evaluation sequence above may include number swith real-part or imaginary-part
having abstract numeric values less than negative-number-limit or greater than positive-number -
limit, due to rounding by numeric-output-conver sion.
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Thereisno number ¥ for which the expression « » ¥ signalsa limit-error.

15.2.2 Numeric-Output-Conversion

E Numeric-Output-Conversion of V.
E Numeric-Output-Conversion of v to P places.

Informal Description: Numeric output conversion converts numeric values represented
as number s—numeric quantities whose format is implementation-defined—into the
same numeric quantities represented in decimal notation as lists of characters.

For £ acharacter-diagram, and ¥ and P number s, numeric output conversion returnsa
numeric-scalar-literal that matches £ and represents the abstract numeric value of the
real-part of v either to P decimal places, if P is specified, or else to print-precision
places.

Note: Anyimaginary-part of the numericinput to Numeric-Output-Conver sionis simply ignored;
only thereal-part of a complex-number is used.

Evaluation Sequence:

If £ isminimal-decimal-exponential,
Return alist of characters whose abstract numeric value is a good approximation
of N.

Note: The choice of approximationisimplementation-defined, but can be characterisedas
follows:
Let DS bethe set whose members D are lists of char acter sthat match minimal-decimal-
exponential and have at most print-precision digits to theleft of the exponent-marker.
Let DT bethe subset of DS for which | N-¢D isminimal.
Let DM be the subset of DT whose members have the fewest digits.
Choose the member of v whose abstract numeric value has the largest magnitude.
If £ isfixed-decimal,
Let DF bethe set whose members are lists of characters that match fixed-decimal
and have P digitsto theright of the unitsdigit.
Return amember D of DF for which | - ¢ D isminimal.
If £ isdecimal-exponential,
Let DE be the set whose members are lists of characters that match diagram
decimal-exponential and have P digitsto the left of the exponent-marker.
Select amember D of DE for which | ¥-eD isminimal.
Let v stand for exponent-field-width.
Return (W+D1'E')4D.

Note: When P is not specified, £ is always minimal-decimal-exponential.

Fixed-decimal and decimal-exponential casesareused only by dyadic format. They are permitted,
but not required, to returnresultsof arbitrarily high precision. They should, however, returnaccurate
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15. FORMATTING AND NUMERIC CONVERSION

resultsif no more than full-print-precision significant digits are reguested.

15.3 Diagrams

Note: The following character-diagrams characterise the outputs of both monadic and dyadic
format as subsets of the set of lists of char acter sthat match numeric-scalar-literal.

Zero-Digit

—

0

.

Nonzero-Digit

SRR

123456789

(.

Sign

L overbar J

Decimal-Integer

> zero-digit >
L sign — nonzero-digit

digit

Examples:
T4L 0 622 1066 1215 1415 1685 1750 1776 1812 1867 19uu

In the following diagrams,

— b standsfor blank.

— d standsfor digit.
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e standsfor exponent-marker.

i standsfor decimal-integer.

m stands for overbar.

n stands for nonzero-digit.

p standsfor dot.

sstandsfor sign.

z stands for zero-digit.

Decimal-Rational

i Lp n_f -
Edj

m—z—p n
Edj

Examples:

98.6 212 2.001 0.00000000001

Decimal-Rational-Row

decimal-rational >
T ]

Minimal-Decimal-Exponential

Z—e—Z7

L e
[

Examples:

T 1.234567E 890 1E1 T 1.1111F1 1F 11111 0FO
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15. FORMATTING AND NUMERIC CONVERSION
Decimal-Exponential

T T

Lors

Examples:

" 1.23456700000E 890 0.00000000F£0 ~1.0000E 10

Decimal-Exponential-Row

decimal-exponential >
T ]
b

Fixed-Decimal

Y
A
Y

RENGERaEN
C.J ]

M—S—Z—p

Examples:
0 1 12 0.00000000 12.30 0.1235 0.1235 0.1 0.00010000
15.4 Operations

15.4.1 Monadic Format

7 < 3 B
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Informal Description: Z isacharacter array. If Bisacharacter array, then Z isB.If Bis
anumeric array, then zZ isacharacter array arranged so that each row of Z isadecimal
representation of the corresponding row of B. The output form chosen for a column of
B is determined by print-precision and the values of elements in that column. Uses
print-precision

Evaluation Sequence:

If print-precision isnil, signa implicit-error.

If thetype of B ischaracter, return B.

If Bisempty, returnanarray zo suchthat thetypeof zZo ischaracter, theshape-list
of Zo istheshape-list of B, and theravel-list of Zo isthe empty-list.

If therank of B isless-than two,

return ,# (" 241 1,pB)pB.

If thelast item of the shape-list of B isnot one,

return (¢ ((~1+pB),1)4B),"' ',3((-ppB)+1)+B.

Otherwise, choose U, E, and , and return an array Z for which the type of Z is
character, the shape-list of Z is (" 1+pB) , W, and one of the following statements
istrue:

Every row of Z is the decimal-exponential-row equivaent of the minimal-
decimal-exponential numeric-output-conversion of the corresponding row of
B, and has itsexponent-marker at position £ and itsfirst digit at position U.

Every row of z is the decimal-rational-row equivalent of the minimal-decimal-
exponential numeric-output-conversion of the corresponding row of B, and has
itsunitsdigit at position U.

Every row of z isformatted independently for each element B1 of B. The results
are padded with blanksto width .

If B1 isacharacter, use B1.
If B1 isanumber, and theimaginary-part of B1isO, use (¢#B1).
If B1 isanumber, and theimaginary-part of B1 isnot O, then
Let B2 bethereal-part of B1.
Let B3 betheimaginary-part of B1.
Let ¢T bethe character representation of the Complex-Marker.
Use ((%B2), CI, %B3).

Note: This form of output must match the diagramnumeric-scalar-literal.

Note: The quantities v, 7 and £ and the choice of formatting form are not standardised here,
sincethisiscurrentlyimpractical. However, the following algorithmis recommendedfor all future
implementations of APL:

If any of the following conditions holds for any element x of B

X isgreater-than positive-counting-number -limit.

X isless-than negative-counting-number-limit.

The decimal-rational equivalent of the minimal-decimal-exponential numeric-output-
conversion of x would have more than print-precision significant digits to the left of the
decimal point.

The decimal-rational equivalent of the minimal-decimal-exponential numeric-output-
conver sion of x would have more than five zero digits to the right of the decimal point and
to the left of the first nonzero digit.
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15. FORMATTING AND NUMERIC CONVERSION

then select decimal-exponential form.
Otherwise, select decimal-rational form.
If decimal-exponential formis selected,

Let s beoneif any element of B is a negative-number.

Let ¥ be the maximum number of charactersto the left of the exponent-marker in the
minimal-decimal-exponential numeric-output-conver sion of any element of B.

Let ¥ be the maximum number of charactersto the right of the exponent-marker in the
minimal-decimal-exponential numeric-output-conver sion of any element of B.

Setvtos+1.

SetrtoM+1.

Set wtoM+1+N.

If decimal-rational formis selected,

Let ¥ be the maximum number of char acter sto the left of the units position in the decimal-
rational equivalent of the minimal-decimal-exponential numeric-output-conversion of
any number in B.

Let v be the maximum number of char acter sto the right of the units position in the decimal-
rational equivalent of the minimal-decimal-exponential numeric-output-conversion of
any number in B.

SetvtoM+1.

Set wtoM+1+N.

Note: Thereisno uniformity in the display of an array containing mixed types, nor in the display
of a column containing complex numbers. Suggested methodsfor displaying these are as follows:
For an array containing mixed types, format each simple array, and provide enough spacein
each column to contain the widest element.
For a column containing at least one complex number, right-justify each number in the column,
making no attempt to align other numeric elements.

Examples:
OPP<10
"]',(%5 76 7 8 9 100.%15), '[!
| 5 2.5 1.666666667 1.25 1 |
|76 73 T2 T1.5 T1.2 |
| 7 3.5 2.333333333 1.75 1.4 |
| 8 u 2.666666667 2 1.6 |
| 9 4.5 3 2.25 1.8 |
| 10 5 3.333333333 2 2 \
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D«0.7 0.8 0.9, 7 8 9+10

3D
0.7 0.8 0.9 0.7 0.8 0.9
D-e3D
0 000 1.387778781E 17 0
OPP<+999
7D
0.7 0.8 0.9 0.7 0.79999999999999999 0.9
D-e3D
00 O0O0O0O0
OpPP<4
M<«0.78901x(10%x16)o.x1 1E 10 1E 6 0.01 0.1
M
7.89E0 7.89E 10 0.00000789 0.0789 7.89F 1
7.89E1 7.89E 9 0.0000789 0.789 7.89EF0
7.89E2 7.89E 8 0.000789 7.89 7.89F1
7.89E3 7.89E 7 0.00789 78.9 7.89E2
7.89E4 7.89E 6 0.0789 789 7.89E3
7.89E5 7.89E 5 0.789 7890 7.89F4
I50M
7.89 7.89E 10 0.00000789 0.0789 0.789
31 5poM

7.89 7.89E710 0.00000789 0.0789 0.789
Note: When print-precision has a value in its internal-value-set greater than or equal to full-
print-precision, the result produced for v is unique and is unaffected by increasesin the value of

print-precision. At such settings of print-precision, v isthe same as « = ¥ for any numeric scalar
N.
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15.4.2 Dyadic Format

Z « A 9B

Informal Description: Z isa character array representing the numbers in B formatted
according to the specificationsin 4. 4 consists of pairsof integers. Onepair is associated
with each column of B. Thefirst integer in the pair specifies the field width—thenumber
of columnsin the character result—for the formatted numeric values.

If 4 has only two elements then all elements of B are formatted according to 4.

Note: For complex elements of B, the precision specifier appliesto each part of the representation.

A non-negative second integer indicates that the field is to have fixed-decimal form and
gives the number of digits to the right of the decima point, with zero indicating no
decimal places and no decimal point. A negative second integer indicates that the field
isto have decimal exponentia form; the absolute val ue specifies the number of digitsin
the mantissa.

Evaluation Sequence:

244

If therank of 4 isgreater-than one, signal rank-error.
Ifo,4isnot2x"141,pB

If pA istwo, return ( (2x~14pB)pA) eB.

Otherwise, signal length-error.

If any item of theravel-list of A isnot anear-integer, signal domain-error.
If any item of theravel-list of B isnot areal-number, signal domain-error.
Set A1 totheinteger-array-nearest-to 4.

If B isempty,

Setwto+/((pA1)p1 0)/A1.

Return ((“1vpB) ,W)p"' '.

If pA1 is not two, return ((24A41)9(( 14pB),1)+B), (2+A1)v( (-
ppB)+1)+B.
If Bisnot ascalar,

If 41[1] isnot apositive-integer, signal domain-error.

Returnacharacter array z such that theshape-listof Zis(~1+pB),41[1] and
therave-list of Z has the property that each vector-item along-axisep Z of Z is
A1 vB0,where Bo isthe corresponding (scalar) item of (" 1+vpB)pB.

If Bisascalar,

If A1[2] isnotlessthan zero, set R tothe

fixed-decimal numeric-output-conversion of Bto 41 [2] places.

Otherwise, set R to the decimal-exponential numeric-output-conversion of B to
|41[2] places.

If 41[1] islessthan pR, signal domain-error.

Otherwise, return (-41[1]) 4R.
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Examples:

— In the following examples, exponent-field-width is 3.

D+ "170.100.11 0.%x 5p0.5
"|1',(9 737 T16351307%D),"|"

\ 5.00E 1 5E 1 0.500 0.5 1

| "5.00E 2 5E 2 0.050 0.1 O

| 0.00E0 0EO0 0.000 0.0 O

| 5.00E 2 5E 2 0.050 0.1 O

| 5.00E°1 5E 1 0.500 0.5 1
p 10204 08 090 4p1

0 15

31 0 ¥ 2%100
1267650600228229401496703205376

31 20 9 .07
0.07000000000000000666

4 1% .99 .89 0 7.5 11.5
1.0 0.9 0.0 7.511.5

Note: Like other axislengths, the field width A[ 1] islimited only by index-limit.
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16

I nput and Output

16.1 Introduction

Note: A user interacts with an APL system through a session, an abstraction that represents a
hypothetical machine capable of carrying out the evaluation sequencesin this standard.

Theprotocol for the use of a sessiontakestheformof a dialogue: the user makesan entry and passes
control to the APL system. The system processesthe entry, produces a response, and returns control
to the user.

The user makes entrieson a keyboard, and obtains responsesby seeing them presented on a display-
device. The combination of a keyboard and a display-device is intended to represent, abstractly, a
terminal. This standard does not require the use of any particular terminal, keyboard, display or
method of encoding char acters. The 1SO 2022.2 APL character encoding reproducedin Annex A is
widely used.

Thedisplay-deviceis consideredawindowinto an unbounded sequenceof past entriesand responses.
The mapping between this unbounded sequence and the display-device is not specified by this
standard.

The systemobtains entries as tokens of class constant or interrupt by calling the session operation
read-keyboard. It presentsresponsesby calling the session operation display with a token of class
result. The transformations from entry to token and from token to response are not specified by this
standard, but certain desirable characteristics of these transfor mations are given as comments.

Because the dialogue protocol described here alternates between user and system, the session is
always in one of two logical keyboar d-states, open-keyboard or locked-keyboard, depending
uponwhether the user ismaking an entry or the systemis producing a response. The user can request
achangein keyboar d-statefromlocked-keyboar d to open-keyboar d by using the signal-attention
facility. In addition, the user can force a changein keyboar d-state by signalling inter rupt.
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16.2 Definitions

16.2.1 User Facilities
A user should have the following facilities.

— Edit-Actions: A collection of implementation-defined facilitiesthat permit the user to
make entries.

Note: Typical edit-actionsincludeinserting, deleting, replacing and superimposinggraphic symbols
within the current entry and combining display-lines from the presentation-space with the current
entry.

— Enter: A facility, available to the user when theterminal isin open-keyboard state, for
changing the keyboard-state to locked-keyboard and returning to the caller of read-
keyboard either an interrupt or acharacter vector. Enter setsthe value of the session
attribute attention-flag to zero.

— Signal-Attention: A facility, available to the user when the termina is in locked-
keyboard state, for setting the value of the session attribute attention-flag to one.

— Signal-Interrupt: A facility, available to the user at al times, for interrupting any
evaluation sequence, causing it to return an interrupt token to the current caller of
evaluate-line. Any atomic operation so interrupted has no effect on the state of the
active-workspace.

Note: Sgnal-interrupt canbeissuedinopen-keyboard stateandinlocked-keyboard state, although
the particular means of invoking the operation may be different for the two states. Transmitting the
superimposition of the graphicsfor 0 ¢ and T is a typical means of signalling interrupt in open-
keyboard state.

16.2.2 Implementation Algorithms

— Read-Keyboard: An operation, available to the system when the session isin locked-
keyboard state, that returns either an interrupt token or atoken of class constant and
content acharacter vector.

Note: Read-keyboard should display current-prompt, then change the keyboar d-state to open-
keyboar dto permit theuser to useedit-actionsto enter alist of character sor to signal aninterrupt.

A concept long honoured in APL is that of visual fidelity: the graphic symbols that appear on the
display asthe result of edit-actions should correspond exactly to those returned to the systemas the
result of read-keyboard.

— Presentation Space: an unbounded sequence of past entries and responses.

— Display T: An operation, available when the session is in locked-keyboard state, for
presenting the token 7 on the display-device. T iseither avalueor anerror.
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Note: The following is a suggested, but not required, evaluation sequencefor display T:
If quote-quad-prompt is not the empty character vector,
Append to the presentation-space as a new last item a display-line whose graphic symbols
represent the char acter sin quote-quad-prompt.
Set quote-quad-prompt to the empty character vector.
If 7 isan error, appendto the presentation-spaceas a hew last item an indication of
Theclassof theerror.
The point in current-line at which evaluation was stopped.
If the modeis defined-function, the function-name and current-line-number of the current-
context.
If T isavalue,
Let 4 stand for the content of 7.
If 4 isnumeric, display v 4.
Otherwise,
If 4 isascalar or vector, append to the presentation-space as a new last item a display-line
whose graphic symbolsrepresent the charactersin 4.
Otherwise,
Set 7 to zero.
SetMto ((x/ 14pd), 14p4)pA.
Repeat the following 1 +p M times:
Setrtor+1.
Display row 1 of u.
Append (" 1+ppA) |+/A\0=¢( 1+pA)TI blank display-lines to the end of the
presentation-space.
(End of repeated block)

16.2.3 Prompts

Note: The following implementation-defined arrays are used to indicate to the user the type of
entry required.

— Indent-Prompt: An implementation-defined character array, typicaly a vector of
six blanks.

— Quad-Prompt: Animplementation-defined character array, whosefirst row typically
beginswith 0: and whose second row is the indent-prompt.

— Function-Definition-Prompt: Animplementation-defined character array, typicaly
avector beginning with Lnn] where nn isaline-number.
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16.3 Diagrams

System-Command-Line

»—— right-parenthesis

Y

Ly J

Function-Definition-Line

——de >
Lany_J

16.4 Operations

16.4.1 Immediate-Execution

Immediate-Execution with Xx.

Informal Description: |mmediate-execution modeistheprima mode, thefirst evaluation
sequence processed by the system to enter into a dialogue with a user. X is either an
error token or nil.

The system also callsimmediate-execution when an error or the attention-flag causes
a defined function to be suspended. In this case, immediate-execution displays a status
indication before prompting for input.

Evaluation Sequence:

Display x.
Repeat:
Set current-prompt to indent-prompt.
Set £ toread-keyboard.
If £ isaconstant,
Let ¢ stand for the content of E.
If @ matches system-command-ling, set T to evaluate-system-command Q.
If @ matches function-definition-line, set T to evaluate-function-definition-
request Q.
Otherwise,
Generate anew context in which
mode isimmediate-execution,
current-lineisq,
current-functioniso op' ',
current-line-number isone,
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current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
Append the new context to the state-indicator of the active-workspace as a
new first item.
Set T to evaluate-line.
Remove thefir st-item in the state-indicator of the active-wor kspace.
If T isabranch, aclear-state-indicator, or an escape and the state-indicator
of the active-workspaceis not an empty-list, return T.
If Tisanerror or aconstant, display T.
(End of repeated bl ock)
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16.4.2 Quad Input

7 « [
Informal Description: Z isan array provided by the user in response to a prompt.
Evaluation Sequence:

Repeat:
Set current-prompt to quad-prompt.
Set £ to read-keyboard.
If £ isaninterrupt, return .
Let ¢ stand for the content of E.
If some element of @ isnot blank,
Generate a new context in which
mode is quad-input,
current-lineisq,
current-functioniso op' !
current-line-number isone,
current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
Append the new context to the state-indicator of the active-workspace as a
new first item.
Set 7 to evaluate-line.
Remove thefirst-item in the state-indicator.
If Z isescape, signa unwind.
If Z isunwind or clear-state-indicator, return z.
If Z isavalue, return atoken with class constant and content that of Z.
If Zisanerror, display Z.
Otherwise, display value-error. (seenote)
(End of repeated bl ock)

Note: Thedisplay value-error linein the above evaluation sequenceis introduced to permit certain
consistent-extensions. In the evaluation sequence, errorsaredisplayed rather than signalled, since
signalling would terminate the Repeat loop and force Return.

Quad-input returns only tokens of class escape and unwind (from -), clear-state-indicator (from
)SIC), constant (from2x . 5) andinterrupt. It reportsan error and repromptsfor all other results.
Note that it repromptswithout an error report if the input was empty or all blank.
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16.4.3 Quote Quad Input

Z <« [

Informal Description: Z isa character vector. Inputin responseto [ is treated as a
character value. Z is avector whose length is the number of positions from the left
margin up to the rightmost character of the input, including explicitly entered trailing
blanks.

Evaluation Sequence:

Set current-prompt to quote-quad-prompt.

Set quote-quad-prompt to the empty character vector.
Set £ toread-keyboard.

Return £.

Note: The behaviour required here differs from that of some existing systems, in which a single

character responseto [1 is returned as a scalar.

16.4.4 Quad Output

zZ <« 0«8
Informal Description: Z isB. Asaside effect, thearray B isdisplayed on the terminal.
Evaluation Sequence:

Display B.
Return a committed-valuewith content B.

APL Extended — DI 'S 8485(1997) 253

1 May 1997 at 23:52



16. INPUT AND OUTPUT
16.4.5 Quote Quad Output

zZ <« <«B
Informal Description: Z isB, and quote-quad-prompt isset to B.

Evaluation Sequence:

If any item of theravel-list of B isnot a character, signal domain-error.

If therank of B isgreater-than one, signal rank-error.

If the count of B isgreater-than quote-quad-output-limit, signal limit-error.
If quote-quad-prompt isnot empty, signa limit-error.

Set quote-quad-prompt to B.

Return a committed-valuewith content B.

Example:

VZ«<PROMPT X
[1] [«X<,3X
[2] Z<«(pX)+
v

PROMPT '"1 CLEANSPACE DATE? '
1 CLEANSPACE DATE? 1966-11-27
1966-11-27

Note: Quote-quad output isdifficult to standardisebecauseit isimplemented in several different ways
in existing systems, and, in each system, is heavily used. Thereis, however, sufficient commonality to

permit theinclusion of thisrestricted formof quote-quad output. Quote-quad output ona confor ming-
implementation should support the prompt function shown in the example.
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System Commands

17.1 Introduction

Note: Any line of input in immediate-execution whose first non-blank character is a right
parenthesisis considered to be a system command.

17.2 Definitions

— Global-Referent of T: For T aclassified-name, thelast-item inthereferent-list of the
symbol-named-by T.

— Global-Context The last context inthe state-indicator of the active-workspace.

— Library-Workspace-Named A: For workspace-identifier 4, the item of the library
whose owner isthis-owner, and whose wor kspace-nameis4.

— Already-Exists: A workspace already-existsif itsexistential-property is present.

— Does-Not-Exist: A workspace does-not-exist if its existential-property isabsent.

Note: The model of libraries used in this standard assumes that a wor kspace object exists in
the library for all possible workspace-identifiers. Workspaces that have been dropped or that
have never been saved are distinguished from those that have been saved by the setting of their
existential-property: the existential-property of saved workspaces is present, while that of
unsaved wor kspacesis absent.

— Attempt-to-Erase 4: For 4, asimple-identifier, an operation defined as follows:
If 4 isglobally-erasable,
If thecurrent-class of 4 isshared-variable, retract 4.
Set 4 tonil.
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17. SYSTEM COMMANDS

Return command-complete.
Otherwise, signal not-erased.

Copy 4 from i: For simple-identifier 4, and workspace-identifier w, an operation
defined as follows:

Let ¢4 stand for the global-referent of 4 in the active-wor kspace.

Let ¢B stand for the global-referent of 4 in thelibrary-workspace-named #.

Set 7 to attempt-to-erase GA.

If Z isan exception, signa not-copied.

If GB isashared-variable, set G4 to the shared-value of GB.

Otherwise, set G4 to GB.

Return command-complete.

17.3 Diagrams

Workspace-| dentifier

»—— alphabetic >

alphabetic
digit
Example:
CLEANSPACE
Alphabetic

17.4 Operations

17.4.1 Evaluate-System-Command

Evaluate-System-Command Q.

Note: The forms of system commands are not regular enough to permit much generalisation.
Therefore, the forms themselves are used as the key to the evaluation sequences.

Evaluation Sequence:
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Find an entry that matches @ in the system-command evaluation sequences.
If no such entry isfound, signal incorrect-command.

Otherwise, call the corresponding eval uation sequence.

Return thetoken it returns.

17.5 Diagramsand Evaluation Sequences

In thefollowing,

— p standsfor per mitted-blanks,
— r standsfor required-blanks,
— w stands for workspace-identifier, and

— astands for smple-identifier.

Clear Active Workspace

—pP —) —P—CLEAR—pP—
Call Shared-Variable-Reset.
Set the active-wor kspace to the clear-wor kspace.
Set comparison-toleranceto initial-comparison-tolerance.
Set event-message to initial-event-message.
Set event-type toinitial-event-type.
Set index-origin to initial-index-origin.
Set latent-expression to initial-latent-expression.
Set print-precision toinitial-print-precision.
Set quote-quad-prompt to the empty character vector.
Set random-link to initial-random-link.
Return command-complete.

Copy Library Workspace Object
—pP —) —p—COPY — —W—f —a—p—>
If thelibrary-workspace-named w does-not-exist, signal not-found.
If the global-referent of ain w is not a defined-function, defined-operator, niladic-
defined-function, variable, or shared-variable, signal incorrect-command.

Set 7 to copy afrom w.
Return 7.

Copy Library Workspace
—p —) —pP—COPY —f —W—p ——
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If thelibrary-workspace-named w does-not-exist, signal not-found.
For each symbol s of thelibrary-workspace-named w
Let 4 stand for thenameof S.
If the global-referent of 4 inw is a defined-function, defined-operator, niladic-
defined-function, variable, or shared-variable,
Set 7 to copy A from w.
If Z isan exception, return Z.
Return command-complete.

Drop Library Workspace

—pP —) —P—DROP—I —W—pP —»
If thelibrary-workspace-named w does-not-exist, signal not-found.
Set the existential-property of the library-workspace-named w to absent.
Return command-complete.

Erase Global Referent

—pP —) —P—ERASE—r —a—p——»
Let ¢4 stand for the global-referent of ain the active-wor kspace.
If theglobal-referent of aisnot adefined-function, defined-operator, niladic-defined-
function, variable, or shared-variable, signal incorrect-command.
Set 7 to attempt-to-erase GA.
Return z.

List Global Function Names

—pPp —)—pP—FNS—pPp——
For each symbol A whose global-referent is a defined-function or a niladic-defined-
function, display the name of 4.
Return command-complete.

List Library Directory
—p —)—p—LIB—p—>
For each workspace ¥ whose existential-property is present and whose owner is

this-owner, display the workspace-name of .
Return command-complete.

Load Library Workspace

——p —) —P—LOAD — —W—p ——
If thelibrary-workspace-named w does-not-exist, signal not-found.
Set the active-wor kspace to the library-wor kspace-named w.
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Call Shared-Variable-Reset.
If latent-expression isnot nil,
Generate anew context inwhich
mode isimmediate-execution,
current-lineistheravel-list of latent-expression,
current-functioniso op' ',
current-line-number isone,
current-statement isthe empty list of tokens, and
stack isthe empty list of tokens.
Append the new context to the state-indicator of the active-workspaceasanew first
item.
Set T toevaluate-line.
Remove thefirst item from the state-indicator of the active-workspace.
Return T.
Otherwise, return command-complete.

Note: Shared-variable-reset has the effect of retracting and expunging all variables that were
sharedin the library-wor kspace. This meansthat confor ming-programs cannot depend upon the
values of variablesthat were sharedwhena ) s4vE command was issued.

List Global Namesand their Name Class

—p —)—pP—NMS —p —

For each symbol 4 whose global-referent is a variable, defined-function, niladic-
defined-function, or defined-operator, display the name of 4 appended with a dot
followed by the name-class (for example Fv. 3, 0P. 1).

Return command-complete.

List Global Operator Names

—p —) —pP—0PS—p——
For each symbol 4 whose global-referent is a defined-operator, display the name of
A.
Return command-complete.

Save Active Workspace

—pP —) —P—SAVE —p —»
Set i to the wor kspace-name of the active-workspace.
If 7 is clear-workspace-identifier, signal not-saved.
Replace the library-workspace-named i with the active-wor kspace.
Set the existential-property of the library-workspace-named i to present.
Return command-complete.

Note: See ) LoA4D for a discussion of shared variable values.
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Save Active Wor kspace with Name

—pP —) —P—SAVE —I —W—pPD —»
If the wor kspace-name of the active-workspaceis not w,
If thelibrary-workspace-named w already-exists, signal not-saved.
Otherwise, set the wor kspace-name of the active-workspaceto w.
Replace the library-workspace-named w with the active-wor kspace.
Set the existential-property of the library-workspace-named w to present.
Return command-complete.

Note: See ) LoAD for a discussion of shared variable values.

List State I ndicator

—p —)—pP—8SI—p—
Let ¥ stand for the number-of-itemsin the state-indicator of the active-workspace.
Set T to zero.
Repeat:

Set 7 to I plusone.

If I isgreater-than v, return command-complete.

If themodeof item I of thestate-indicator isdefined-function or defined-oper ator,
display the function-name and current-line-number of item I of the state-
indicator, along with an indication of whether the function-nameis suspended.

(End of repeated bl ock)

Clear State Indicator

—0p —) —p—SIC—p—>
Return clear-state-indicator.

List State Indicator and L ocal Names

—p —)—pPp—SINL —p—
Let ¥ stand for the number-of-itemsin the state-indicator of the active-workspace.
Set T to zero.
Repeat:

Set 7 to I plusone.

If I isgreater-than v, return command-complete.

If themodeof item I of thestate-indicator isdefined-function or defined-oper ator,
display the function-name, current-line-number, and local-name-list of item T
of the state-indicator, aong with an indication of whether the function-name is
suspended.

(End of repeated bl ock)
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List Global Variable Names

—0pP —) —P—VARS —p —»

For each symbol 4 whose global-referent isavariable, display the name of 4.

Return command-complete.

List Workspace I dentification

P —) —pP—WSID—p —>

Display the workspace-name of the active-wor kspace.

Return command-complete.

Change Workspace I dentification

P —)—pP—WSID—F —W—pP —>

Set the wor kspace-name of the active-workspaceto w.

Return command-complete.
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Annex A

Component Files (normative)

Informal Description:  This annex describes a minimal set of functions which a

conforming implementation must provide. There are, therefore, many facilities (such as
shared libraries, access control, etc.) which are intentionally excluded from this annex,
althoughiit is expected that they will be available on most systems.

In particular, file names are severely restricted and access is provided only to a default
library, in order to ensure compatible behaviour, on al systems, of the functions defined
here.

Thisannex does not addresss the migrati on of the component filesthemsel ves, athoughit
ispresumed that at the very least onewill be able to retrieve the objectsinto aworkspace,
migrate the workspace, and recreate the file, using these functions.

The user interface (arguments, function name, and result) are described here. When an
error issignalled it impliesthat suspension will occur in the caller (that is, by means of
0ESs).

A.1 Definitions of arguments and results

A—Any array

¢ ID—Component id, must be a positiveinteger

FH—File handle, an integer

FHL—A list of file handles

FL—TFile names, a character matrix with rows giving names of files

FNM—File name, a character vector composed of 1-8 characters, the first chosen from
A-7, and any others chosen from4-Z2 and 0-9

NFNM— New file name, see F VM above
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A.2 Definition of functions

— FL<«CF_LIST A

If 4 isan empty vector, FL isacharacter matrix containing the names of filesexistingin
the default library.

If 4 isnot empty, an error will be signalled. Animplementation may provideaconsistent
extension where 4 isalibrary identifier.

If there are no component files in thelibrary, 7L will be an empty character matrix.

— FH<CF_CREATE FNM
Creates afile with name FvM and returns a numeric handle for thefile. If the operation
is unsuccessful, an error will be signalled.

— 2+CF_ERASE FNM(Zis0 0p0)
Erase the file specified in M. If successful an empty numeric matrix will be returned.
Success impliesthat thefileno longer exists (either it hasbeen erased or it never existed).
If the operation is unsuccessful an error will be signalled.

— Z«NFNM CF_RENAME FNM (ZiS0 0p0)
The file named by F¥M isrenamed NFIVM. If thisis successful an empty numeric matrix
isreturned. If the operation is unsuccessful an error issignalled.

— FH<[FH] CF_OPEN FNM

The file named by Fn¥M is opened and afile handle is returned. The left argument is
optiona. The presence of the left argument indicates that the file is to be opened with
the specified file handle. If the operation is unsuccessful an error issignalled.

Note: If aleft argumentis present but the file cannot be opened with the specified F#, the open will

be unsuccessful.

— 2+CF_CLOSE FHL (ZiS0 0p0)
Each filelistedin FHL isclosed. The presence of theresult indicatesthat all files named
in FHL are now closed. An error will be signalled if the close is unsuccessful (for
example, aninvalid F# or unableto closethefile).

— FHL<CF_INUSE
Theresult FHL isalist of file handles (7 £) that are currently valid. 1t will be empty if
there are no valid file handles current.

— 72« A CFWRITE FH,CID(ZiS0 0p0)
Array 4 is written to component ¢ID in file FH. The presence of the result indicates
success. An error will be signalled if the operation is unsuccessful.

— CID« A CF_APPEND FH

Array A is appended to thefile F# and CID isits component idinthefile. Aneroris
signalled if the operation is unsuccessful.
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— A<CF_READ FH,CID

The result 4 is component ¢ID of file FH. An error is signdled if the operation is
unsuccessful.

— CID«CF_NEXT FH

The result is the component id that will be returned for the next successful use of
CF_APPEND withfile FH. An empty filewill returna c 1D of one. Anerrorissignaled
if the operation is unsuccessful.

A.3 Errors

The functions described here must be written so that they do not suspend. Any errors
encountered or detected must be passed to the context from which thefunction wasinvoked.
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A

absent, 34, 255, 258. See workspace-
presence
access-control-vector, 219, 224-227,
232
(operation), 222
(subsection), 222
access-state-vector, 233
access control, 219
active-users, 37
active-workspace, 35, 141, 190, 201,
203, 208, 212, 218, 220, 223,
248, 251-252, 255261
A identifiesswith B in ¢ order , 168
along-axis, 27, 116, 119, 122, 127, 138,
144, 149, 153, 157, 168, 244
alpha
(diagram), 45
alphabetic
(diagram), 256
already-exists, 255, 260
ambivalent, 200, 208
ambivalent-dyadic-operator, 200
ambivalent-dyadic-operator-header
(diagram), 200, 205
ambivalent-function-header
(diagram), 200, 204
ambivalent-monadic-operator, 200
ambivalent-monadic-operator-header
(diagram), 200, 205
and
(subsection), 194
and/lcm
(operation), 75, 97
any
(diagram), 47, 214
A precedes B in ¢ order, 168
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A Programming Language, 1
arc, 19, 96
array, 148
(diagram), 172, 174
(object), 7, 25, 26-28, 30, 38, 41, 54,
59, 65, 70, 79, 108-109, 113,
116-117, 122, 126-127, 133,
135, 138, 144, 149, 151, 153,
157, 159, 161, 163-165, 177,
200, 202, 210, 221, 229, 241,
244, 249
attributes:
ravel-list, 25
shape-list, 25
type, 25
operations:
axis, 26
boolean-array-nearest-to, 27
count, 26
first-scalar, 27
first-thingy, 26
function-line, 202
header-name-list, 202
identifier-matching, 202
integer-array-nearest-to, 27
labdl-name-list, 202
last-line-number, 202
length, 26
local-name-list, 202
max-shape-of, 25
number-of-rows, 27
numeric-scalar, 26
primary-name, 221
rank, 25
ravel-along-axis, 27
remainder-of, 27
row, 27
sufficient-type, 25
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surrogate-name, 221
typical-element, 26
valid-axis, 26
related terms
along-axis, 27
ambivalent, 200
ambivalent-dyadic-operator, 200
ambivalent-monadic-operator, 200
empty, 26
empty-event-message, 177
event-message, 177
event-report, 177
identifier-array, 177
matrix, 26
monadic, 200
monadic-dyadic-operator, 200
monadic-monadic-operator, 200
niladic, 200
one-element-vector, 26
proper -defined-function, 200
scalar, 25
simple, 25
simple-scalar, 25
value-returning, 200
vector, 26
array-of-vectors, 168
(object), 25, 26, 27
attributes:
ravel-list, 26
shape-list, 26
type, 27
related terms
vector-item, 27
array-type, 7, 25, 27, 39
assignment
(diagram), 55
assignment-arrow
(class), 29, 30-31, 55, 59, 62
(diagram), 58, 204
atomic, 42, 74, 134, 148, 166, 183, 248
atomic-vector, 37
(implementation parameter), 12, 15,
179
atomic vector
(operation), 77, 179
attempt-to-erase, 255, 256, 258
attention-flag, 35, 209, 248, 250
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INDEX

auxiliary processor, 217
axis, 26, 27, 117, 144, 153, 155-156
axis-error
(class), 29, 31
Definitions, 33
Mixed Functions, 138, 143-144,
149, 151, 153, 174
Operators, 116, 119, 121
Syntax and Eval uation, 6668
axis-monadic-operator
(diagramy, 55, 57
axis-specification
(diagram), 55

B

basevalue

(operation), 77, 155
bind-token-class

(operation), 52, 53

(subsection), 53
binomial

(operation), 75, 94
blank

(diagram), 4647, 50, 207, 221, 238,

249, 252

body-line

(diagram), 200, 202, 206, 215
boolean, 8, 18, 23, 35-37, 179
boolean-array-nearest-to, 27, 151, 232
B precedes 4 in ¢ order , 168
branch. See opn

(class), 29, 33, 44, 64, 73, 199, 209,

251
content: An array, 31

branch-arrow

(class), 29, 30-31, 62

(diagram), 54, 58
build-index-list

(phrase evaluator), 60, 62, 72

(subsection), 72

C
call-defined-function
(operation), 78, 199, 207

canonical-representation, 28, 199, 203,
208, 210-212, 214
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catenate. Seejoin along an axis
celling
(operation), 75, 82
(subsection), 194
cel, 129
change-request
(diagram), 212, 214
change wor kspace identification
(diagram), 261
character, 15, 25, 141, 169-170, 190,
198, 210, 227, 229, 232-233
(array type), 25, 26, 28, 30, 35, 37,
39,44,54, 141,177,179, 198,
200, 210-211, 221, 228-229,
241, 244, 248-249, 253
not cross-indexed. See page 8
related terms:
character-diagram, 41
character-diagram, 41, 42-44, 177,
182-183, 185-186, 188-189,
200, 202, 211, 221, 237-238
character-literal
(class), 29, 30, 51, 54
content: A list of characters, 31
(diagram), 45, 47, 54
character-representation, 192
character-set
(implementation parameter), 7, 12, 15
related terms:
character, 15
character-vector, 168
character grade definitions
(operation), 168
character grade down
(operation), 77, 169
character grade up
(operation), 77, 170
character representation
(operation), 78, 211
circular functions
(operation), 75, 95
class, 29
not cross-indexed. See page 8
class-names, 7-8, 29, 30
classified-name
(metaclass), 30, 52, 255
CLEAR
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(system command), 221
clear-event, 223-226, 234
(operation), 224
(subsection), 224
clear-state-indicator
(class), 29, 31, 33, 44, 199, 209, 251~
252, 260
clear-workspace, 34, 36-37, 194-198,
212,257
clear-workspace-identifier, 38
(implementation parameter), 34, 259
clear activeworkspace
(diagram), 257
clear stateindicator
(diagram), 260
closed-interval-between, 22, 95, 1009,
144, 148, 196, 199, 202, 208—
209
colon
(class), 29, 31
(diagram), 206207
command-complete
(class), 29, 31, 258-259
Defined Functions, 212, 214
System Commands, 256-261
comment
(diagram), 45, 47
committed-value
(class), 29, 30, 44, 64, 71, 166, 194—
198, 225, 253-254
content: An array, 31
commute
(operation), 76, 124
comparison-tolerance
(system parameter), 35, 36-39, 82,
93, 97-98, 100-105, 136-137,
144, 146-147, 149, 151, 153,
157-159, 161-162, 165, 167,
194, 257
comparison-tolerance-limit, 38
(implementation parameter), 38, 194
comparison tolerance
(operation), 77, 194
complete-index-list
(class), 29, 60, 62, 73—74
content: An index-list, 31
complex-arithmetic-facility, 96
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(optional facility), 12
complex-integer, 19, 23, 82
complex-marker, 241

(diagram), 49
complex-number, 19, 236-237
complex-plane, 19
compress, 150
conform, 129
conforming-implementation

(conformance term), 3, 8, 11, 12-15,

17,53, 134, 183, 201, 254
conforming-program

(conformance term), 11, 13-14, 20,

53, 183, 193, 209, 217, 235,
259
conjugate

(implementation algorithm), 20

(operation), 75, 80
consistent-extension

(conformance term), 10, 11-13, 252
constant

(class), 29, 30, 33, 36-37, 41, 44, 52—

54,56,59, 61,64, 74,199, 211,
247-248, 250-252
content: An array, 31
content, 30

not cross-indexed. See page 8
context, 180-181, 187, 190-191

(object), 7, 33, 34, 74, 141, 193, 199,

201, 207-208, 212, 250-252,
255, 259
attributes:
current-function, 33
current-line, 33
current-line-number, 33
current-statement, 33
mode, 33
stack, 33
copy, 256, 257-258
COPY

(system command), 199, 220
copy from, 256
copy library workspace

(diagram), 257
copy library workspace object

(diagram), 257
cosine
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(implementation algorithm), 20,22, 95
count, 26, 38, 107, 109, 112, 119, 126,
149, 157, 164-165, 187, 191—
192, 194197, 254
(diagram), 172
count-limit, 38
(implementation parameter), 38
counting-number, 19, 20, 38
creation-request
(diagram), 212, 214
current-canonical -representation, 203,
213
current-class, 35, 53, 65, 68, 71-72,
182-186, 188-189, 201, 203,
209-212, 218, 222, 226-227,
230-233, 255
current-content, 35, 36, 53, 72, 165,
185-186, 188-189, 211, 220,
224-226, 232
current-context, 35, 52, 201, 203, 249
current-function, 33, 141, 190, 203,
207-209, 212, 250, 252, 259
current-function-line, 203, 209
current-last-line-number, 203, 208-
209, 214
current-left-argument-name, 203, 208
current-left-operand-name, 203, 208
current-line, 33, 43-44, 50, 59, 141,
190, 207, 212-213, 249-250,
252, 259
current-line-number, 33, 52, 141, 179,
190, 199, 207, 209, 212-214,
249-250, 252, 259-260
current-local-names, 203, 208
current-prompt, 35, 212, 248, 250,
252-253
current-referent, 35, 71, 166, 183, 188—
189, 201, 207-210, 212, 214,
218, 222, 227, 230-231, 233
current-result-name, 203, 209
current-right-argument-name, 203, 208
current-right-operand-name, 203, 208
current-stack, 35, 6061, 199
current-statement, 33, 44, 51-53, 59—
60, 141, 190, 201, 207, 212,
251-252, 259
current-stop-vector, 203, 209, 213
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current-time, 234
(implementation a gorithm), 20, 181
current-trace-vector, 52, 203, 213

D

deal
(implementation a gorithm), 20, 148
(operation), 76, 148, 195
(subsection), 197
decimal-exponential
(diagram), 237, 240, 242, 244
decimal-exponential-row
(diagram), 240-241
decimal-integer
(diagram), 238-240
decimal-rational
(diagram), 212-213, 215, 239, 241-
242
decimal-rational-row
(diagram), 239, 241
defined-dyadic-operator
(class), 29, 30, 53
content: A defined-function, 31
defined-dyadic-operator-name
(class), 29, 30, 53
content: A list of characters, 31
defined-dyadic-operator-name-token
(diagram), 57
defined-facility
(conformance term), 10, 11, 217
defined-function
(class), 29, 53, 65, 68, 74, 182—186,
188-189, 201, 209-211, 257—
259
content: A defined-function, 31
(context mode), 33, 52, 141, 179, 199,
207, 249, 260
(object), 7, 27, 28, 30, 33, 177, 183,
199-200, 204, 208-209, 211~
212,214
attributes:
canonical-representation, 28
stop-vector, 28
trace-vector, 28
operations:
function-name, 202

272

1 May 1997 at 23:52

defined-function-control
(operation), 43, 208, 209
(subsection), 4344, 179, 199
defined-function-name
(class), 29, 30, 53, 55, 59, 62, 65, 68,
201
content: A list of characters, 31
defined-function-name-token
(diagram), 57
defined-monadic-operator
(class), 29, 30, 53
content: A defined-function, 31
defined-monadic-operator-name
(class), 29, 30, 53
content: A list of characters, 31
defined-monadic-operator-name-token
(diagram), 57
defined-name
(metaclass), 30, 201
defined-operator
(class), 74, 182-186, 188-189, 201,
210-211, 259
(metaclass), 30
(context mode), 260
(object), 7
defined-operators, 27
defined functions, 27
definition-error
(class), 29, 31
Defined Functions, 212-214
definition-line-limit, 39
(implementation parameter), 213
degree-of-coupling, 222, 229-230
degree of coupling, 218
del
(diagram), 47, 50, 215
del-tilde
(diagramy, 47, 50
delay
(operation), 77, 181
deletion-request
(diagram), 213, 215
delimiter
(metaclass), 30
delocalise, 203, 208
delta
(diagram), 215
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depth
(operation), 111
derived-function
(diagram), 55, 57
diaeresisjot
(diagram), 57
diaeresis-tilde
(diagram), 57-58
diagrams
(subsection), 7-8, 41
diamond. See statement-separator
(diagram), 50
digit
(diagram), 4548, 238-240
direct-identifier
(diagram), 45
direction, 22, 81
(operation), 75, 81
disclose
(operation), 174
disclosewith axis
(operation), 174
display
(implementation algorithm), 20, 44,
212-213, 247-248, 248, 249—
253, 258-261
display-request
(diagram), 213, 215
distance-between, 23
distinguished-identifier
(class), 29, 30, 51, 53
content: A list of characters, 31
(diagram), 45-46, 74, 177-178, 193,
200
divide
(operation), 75, 89
divided-by
(implementation agorithm), 17-19,
20, 22,81, 89, 92-93, 100-101
does-not-exist, 255, 257-258
domain-error
(class), 17, 29, 31
Defined Functions, 202, 210-211
Definitions, 17, 33
Formatting and Numeric Conver-
sion, 244
Input and Output, 254
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Mixed Functions, 133, 135, 141,
148-149, 151, 153, 155, 157,
159, 161-165, 169-170, 172
Operators, 118, 121, 123, 125, 130—
131
Scalar Functions, 79-95, 97-99,
101-102, 104-105
Shared Variables, 227-234
Structura Primitive Functions, 109,
112
Syntax and Evauation, 70, 73
System Functions, 181-192
System Variables, 194-198
dot
(diagram), 49, 55, 239-240
drop, 122
(operation), 77, 162
drop library workspace
(diagram), 258
duplicate
(operation), 76, 124
dyadic-function
(diagram), 116, 119, 121, 126-127
dyadic-operator
(class), 29
content: A character, 31
(diagram), 57, 62
dyadic-operator-name-token
(diagram), 55
dyadic-operator-part
(diagram), 205
dyadic-scalar-extension, 68—-69
dyadic event simulation
(operation), 77, 191
dyadic format
(operation), 78, 235, 237, 244
(subsection), 38
dyadic transpose
(operation), 77, 159
(subsection), 139, 197

E
e 83
each

(operation), 125
edit-actions, 248

273

1 May 1997 at 23:52



INDEX

editable, 201, 212
elementary-operation, 17
elided-index-marker
(class), 29, 30-31, 33, 70, 73, 164-165
empty, 26, 73, 109, 113-114, 117, 157,
182, 210, 229, 241, 244, 249,
253
empty-event-message, 177, 187, 191
empty-list, 24, 44, 60, 202, 241, 251
enclose
(operation), 175
enclose-reduction-style, 38, 115-116
enclose with axis
(operation), 175
end-definition
(diagram), 214-215
enlist
(operation), 112
enter, 209, 248
enumer ated-set
related terms
required-character-set, 7
related terms:
array-type, 25
class-names, 29
keyboard-states, 35
mode-names, 33
wor kspace-presence, 34
equal
(operation), 75, 100
(subsection), 194
equals, 22, 23, 135
erase global referent
(diagram), 258
error
(class), 10
(metaclass), 17, 22, 30, 33, 41, 44, 209,
212,231, 248-252
escape. Seeopn
(class), 29, 31, 33, 44, 64, 73, 199,
208-209, 251252
evaluate-assignment
(phrase evduator), 62, 71
(subsection), 71
evaluate-dyadic-function
(diagram), 125
(phrase evaluator), 61-62, 67, 69, 87
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(subsection), 67
evaluate-dyadic-operator
(phrase evaluator), 62, 69
(subsection), 69
evaluate-editing-request
(operation), 212, 213
(subsection), 213
evaluate-function-definition-request
(operation), 211, 250
evaluate-indexed-assignment
(phrase evduator), 62, 71
(subsection), 71
evaluate-indexed-reference, 164
(phrase evaluator), 62, 70
(subsection), 70
evaluate-line, 190
(operation), 43, 44, 50, 52, 59, 141,
209, 248, 251-252, 259
(subsection), 43
evaluate-monadic-function
(diagram), 125
(phrase evaluator), 61-62, 65, 66, 80
(subsection), 65
evaluate-monadic-oper ator
(phrase evaluator), 62, 66
(subsection), 66
evaluate-niladic-function
(phrase evaluator), 62, 64
(subsection), 64
evaluate-statement
(operation), 4344, 51, 52, 59-60, 64
(subsection), 43, 51
evaluate-system-command
(operation), 250, 256
(subsection), 256
evaluate-variable
(phrase evduator), 62, 72
(subsection), 72
evaluation sequence
(subsection), 8
evaluation sequence phrases
(subsection), 40
evaluation sequences
(subsection), 7, 39
event-message, 35, 177, 180
event-report, 35, 177
event-time, 35, 234
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event-type, 12, 35, 177, 181
event message
(operation), 77, 180
event type
(operation), 77, 181
exception
(metaclass), 33, 44, 52, 60, 226, 256,
258
execute, 190
(context mode), 33, 141
(operation), 43, 76, 141
(subsection), 43-44
execute-alternate
(subsection), 44
execute alternate
(operation), 77, 190
existential-property, 34, 255, 258-260
expand
(operation), 76, 151
exponent
(diagram), 46
exponent-field-width, 38
(implementation parameter), 237, 245
exponent-marker
(diagram), 46, 49, 237, 239-242
exponent-overflow, 17, 93, 101
exponent-underflow, 17, 93, 100-101
exponential
(implementation algorithm), 21, 22, 83
(operation), 75, 83
expression
(diagram), 8, 54-56
expunge
(operation), 77, 183

F

facility
(conformance term), 10-11, 13
factorial
(operation), 75, 85
figure1, 61
figure 2, 220
first
(operation), 143
first-item, 24, 25-27, 35, 66-68, 70, 73,
127, 130, 164-165, 181, 208,
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212, 251-252
(diagram), 125-127
first-quadrant-associate, 20
first-scalar, 27, 54, 73, 113, 116, 194~
197
first-thingy, 26
(diagram), 172
five, 18
not cross-indexed. See page 18
fixed-decimal
(diagram), 237, 240, 244
floor, 82
(operation), 75, 82
(subsection), 194
for all
(evaluation sequence phrase), 40
for form
(evaluation sequence phrase), 40
form
(diagram), 200, 203-204
form-table, 53, 61, 64-72, 74, 226
for pattern
(evaluation sequence phrase), 40
four, 18
not cross-indexed. See page 18
fraction, 19, 93
fractional-part, 82
frame, 129
full-print-precision, 38, 192
(implementation parameter), 38, 196,
211, 235, 238, 243
function
(diagramy, 55, 57
function-definition
(context mode), 33, 39, 212
function-definition-line
(diagram), 212, 250
function-definition-prompt, 39
(implementation parameter), 212, 249
function-display
(implementation a gorithm), 21, 213
function-line, 202, 203
(diagram), 213, 215
function-name, 201, 202, 210, 212, 249,
260
(diagram), 202, 204-206, 210, 213
function fix
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(operation), 78, 210, 211

G

gamma-function
(implementation al gorithm), 21, 22, 85
general-offer, 36-37, 39, 218, 222, 228
general-request
(diagram), 213, 215
global-context, 255
global-referent, 255, 256259, 261
globally-erasable, 201, 255
grade down, 137
(operation), 76, 137
(subsection), 197
grade up, 136
(operation), 76, 135
(subsection), 197
greater-than, 22, 23-25, 38, 54, 70, 73,
90, 101, 104-105, 109, 112,
116-117, 119, 122, 135, 140-
141, 148-149, 151, 161-163,
165, 182-186, 188-189, 194—
198, 211, 213, 227, 229-233,
236, 241, 244, 254, 260
(diagram), 172
greater-than-or-equal-to, 82
(diagram), 172
greater than
(operation), 75, 105
(subsection), 194
greater than or equal to
(operation), 75, 104
(subsection), 194
greatest-common-divisor, 97-98
(implementation algorithm), 21

H

half-plane, 19, 23
header-line

(diagram), 177, 199-200, 202—203,

213

header-name-list, 202
hyperbolic-cosine

(implementation al gorithm), 21, 22, 95
hyperbolic-sine

(implementation algorithm), 21, 22, 95
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hyperbolic-tangent
(implementation algorithm), 21,22, 96

identical
(operation), 173

identifier
(diagram), 36-38, 45, 200, 206, 218
(metaclass), 30, 51-53, 59, 202, 210,

214
identifier-array, 177, 183-184, 187,
229, 231-232

identifier-length-limit, 38
(implementation parameter), 13, 51
identifier-matching, 202, 203
identifier-pair-array, 221, 230
identifier-pair-row
(diagram), 221, 230
identifier-row
(diagram), 178, 182-183, 185-186,
188-189, 211212, 221, 227,
229, 231-233
ideogram
(diagram), 47, 49, 54
if
(evaluation sequence phrase), 40
imaginary-marker
(diagram), 46
imaginary-one, 18, 23
not cross-indexed. See page 18
imaginary-part, 19-20, 23, 80, 82, 96,
236237, 241
(diagram), 46
immediate-execution
(context mode), 33, 39, 141, 201, 208,
250, 255, 259
(operation), 43, 199, 208-209, 212,
250
(subsection), 4344, 250
implementation
(conformance term), 10, 11
implementation-algorithm, 12, 14, 17,
20, 22, 54, 93, 97, 133, 148,
163, 178, 235
implementation-algorithms
(subsection), 17
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implementation-defined, 177
(conformance term), 7, 10, 15, 17-18,
20, 36-37, 179, 193, 195, 198,
235, 237, 248-249
implementation-defined-algorithm, 98
implementation-defined-facility
(conformance term), 10, 11-12
implementation-parameter
(conformance term), 8, 12-14, 34, 87,
194-198
implementation-parameters, 37
implementation parameter
(object)
related terms
atomic-vector, 37
clear-workspace-identifier, 38
comparison-tolerance-limit, 38
count-limit, 38
definition-line-limit, 39
exponent-field-width, 38
full-print-precision, 38
function-definition-prompt, 39
general-offer, 39
identifier-length-limit, 38
indent-prompt, 39
index-limit, 38
initial-comparison-tolerance, 37
initial-event-message, 38
initial-event-type, 38
initial-index-origin, 37
initial-latent-expression, 37
initial-print-precision, 37
initial-random-link, 37
integer-tolerance, 38
line-limit, 39

negative-counting-number-limit, 38

negative-number -limit, 38

positive-counting-number -limit, 38

positive-number-limit, 38
print-precision-limit, 38
quad-prompt, 39
guote-quad-output-limit, 38
rank-limit, 38

real-tolerance, 38
reduction-style, 38, 115-116
session-identification-type, 39
user-identification-type, 39
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wor kspace-name-length-limit, 38
implicit-error
(class), 29, 31
Definitions, 33
Formatting and Numeric Conver-
sion, 241
Mixed Functions, 133, 135, 146—
148, 159, 165, 167, 169-170,
172,174
Scalar Functions, 82, 93, 97-98,
100-105
Structural Primitive Functions, 109
Syntax and Evaluation, 66-68, 70—
71
System Variables, 193
incorrect-command
(class), 29, 31
Definitions, 33
System Commands, 257-258
indent-prompt, 39
(implementation parameter), 249-250
index, 24, 33, 38, 52, 202, 222
(diagram), 55-56
index-error
(class), 29, 31
Definitions, 33
Mixed Functions, 164-165, 172
Syntax and Evaluation, 70
index-limit, 38
(implementation parameter), 24, 38,
245
index-list, 30, 33, 66-68, 70, 73, 126,
164-166, 226
index-origin, 169-170
(diagram), 172
(system parameter), 36, 37, 66—68,
70-71, 109, 115, 119-121,
133, 135139, 143-144, 146,
148-151, 153-154, 159, 164—
165, 169-170, 172, 174-175,
179, 188-189, 197, 213, 227—
228, 233, 257
index-separator
(class), 29, 31, 56, 59, 62
(diagram), 58
index-set, 24, 25-26, 40, 52, 65, 68, 70,
113, 119, 126127, 133, 157,
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159, 161, 164-165, 168
(diagram), 125, 172, 174
indexed assignment
(operation), 77, 165, 166
(subsection), 42, 197
indexed reference
(operation), 77, 164, 225
(subsection), 197
indexed reference of shared variable.
Seeshared variablereference
index generator
(operation), 75, 109
(subsection), 197
index of
(operation), 76, 146
(subsection), 194, 197
index origin
(operation), 78, 197
indices. Seeindex
indices, 208
initial-comparison-tolerance, 37
(implementation parameter), 194, 257
initial-event-message, 38
initial-event-type, 38
initial-index-origin, 37
(implementation parameter), 197, 257
initial-latent-expression, 37
(implementation parameter), 198, 257
initial-print-precision, 37
(implementation parameter), 196, 257
initial-random-link, 37
(implementation parameter), 195, 257
initial-request
(diagram), 212, 214
inner product
(operation), 76, 127
insert-reduction-style, 38, 116
integer, 19, 20, 36-37, 70, 82, 109, 148,
196-197, 213
integer-array-nearest-to, 27, 112, 149,
153, 159, 161-162, 164-165,
184, 188-189, 244
integer-nearest-to, 23, 26-27, 70, 73,
87, 95, 109, 116, 119, 121,
133, 138, 144, 148-149, 151,
153, 187, 191192, 195-197
(diagram), 172
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integer-tolerance, 38
(implementation parameter), 23, 87,
144
integral-within, 23, 93
internal-value-set, 12, 37, 193, 194-
198, 243
interrupt
(class), 29, 31
Definitions, 33
Input and Output, 247-248, 252
Syntax and Evaluation, 44
inver se-cosine
(implementation algorithm), 21,22, 95
inver se-hyperbolic-cosine
(implementation al gorithm), 21,22, 95
inverse-hyperbolic-sine
(implementation algorithm), 21,22, 95
inver se-hyper bolic-tangent
(implementation algorithm), 21,22, 95
inverse-sine
(implementation algorithm), 21,22, 95
inver se-tangent
(implementation al gorithm), 21,22, 95
item, 24, 232
not cross-indexed. See page 8

J

join
(operation), 75, 114, 143
(subsection), 114

join along an axis
(operation), 76, 143
(subsection), 114

K

keyboard-state, 35, 247-248

keyboard-states, 7, 35. See locked-
keyboard, See also open-
keyboard

L

label
(class), 29, 53, 182, 184, 208
content: An array, 31
label-name
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(class), 29, 30
content: A list of characters, 31
(diagram), 202, 206208
label-name-list, 202
labelled-line
(diagram), 202, 206208
laminate. Seejoin along an axis
lamp
(diagramy, 47, 50
larger-magnitude, 22, 23
last-item, 24, 127, 255
last-line-number, 188-189, 199, 202,
203
latent-expression
(system parameter), 36, 37, 198, 257,
259
latent expression
(operation), 78, 198
left
(operation), 77, 167
left-argument-name
(class), 29, 30
content: A list of characters, 31
(diagram), 202-205
left-axis-bracket
(class), 29, 30-31, 55, 59, 62
(diagram), 58
left-bracket
(diagram), 214-216
left-end-of -statement
(class), 29, 30-31, 52, 59, 61-62
left-index-bracket
(class), 29, 30-31, 56, 59, 62
(diagram), 58
|eft-operand-name
(class), 29
content: A list of characters, 31
(diagram), 202-203, 205-206
left-parenthesis
(class), 29, 30-31, 62
(diagram), 56, 58
length, 26, 27, 36, 54, 116, 148, 153,
157, 159, 179, 182, 210-211
length-error
(class), 29, 31
Defined Functions, 210-211
Definitions, 33
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Formatting and Numeric Conver-
sion, 244
Mixed Functions, 144, 148-149,
151, 153, 155, 159, 161-163,
165
Operators, 121, 125, 127, 130-131
Scalar Functions, 79
Shared Variables, 232
Structural Primitive Functions, 109,
113
Syntax and Evaluation, 6869
System Functions, 187, 191-192
System Variables, 194-197
less-than, 22, 23, 38, 101-102, 119, 133,
135, 163, 181, 195-196, 241,
244
(diagram), 172
lessthan
(operation), 75, 101
(subsection), 194
lessthan or equal to
(operation), 75, 102
(subsection), 194
let
(evaluation sequence phrase), 40
letter
(diagram), 4548, 188
lexical-unit
(metaclass), 30, 43, 51
library, 37, 255
library-workspace-named, 255, 256—
260
limit-error
(class), 13, 29, 31
Compliance, 13
Defined Functions, 213
Definitions, 17, 33, 39
Formatting and Numeric Conver-
sion, 236-237
Input and Output, 254
Scalar Functions, 93-94, 100
Shared Variables, 221
Syntax and Evaluation, 51
System Variables, 194-198
line
(diagram), 4345, 51, 64, 202, 206—
207
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line-limit, 39
line-number
(diagram), 213, 215, 249
line counter
(operation), 77, 179
list
(object), 7, 24, 25-26, 30, 33-34, 37—
39, 4143, 51, 54, 59-60, 74,
107-108, 113-114, 141, 164—
165, 193, 202, 207, 212-213,
235-238, 248, 251-252, 259
attributes:
index-set, 24
value-set, 24
operations:
first-item, 24
item, 24
last-item, 24
number-of-items, 24
product-of, 24
rest-of, 24
related terms
empty-list, 24
nonempty-list, 24
related terms:
prefix, 25
list global function names
(diagram), 258
list global namesand their name class
(diagram), 259
list global operator names
(diagram), 259
list global variable names
(diagram), 261
list library directory
(diagram), 258
list state indicator
(diagram), 260
list state indicator and local names
(diagram), 260
list wor kspace identification
(diagram), 261
literal
(metaclass), 30, 52, 54, 59
literal-conversion
(operation), 52, 54
(subsection), 54
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literal-identifier
(diagram), 45
load library workspace
(diagram), 258
local-marker
(diagram), 206
local-name
(class), 29, 30
content: A list of characters, 32
(diagram), 202, 206
local-name-list, 201, 202, 203, 210, 214,
260
localise, 193, 199, 201, 203, 204, 208
locally-erasable, 183, 201, 210, 212—-
213
locals-list
(diagram), 177, 203, 206
locked-keyboard, 35, 247-248. See
keyboard-states
logarithm
(operation), 75, 92

M

magnitude, 20, 22, 23, 81, 84
(implementation algorithm), 21, 22
(operation), 75, 84

match
(evaluation sequence phrase), 42

matrix, 26

matrix-divide
(implementation a gorithm), 21, 163

matrix divide
(operation), 77, 140, 163

matrix inverse
(operation), 76, 140

max-shape-of, 25
(diagram), 174

maximum
(operation), 75, 90

member of
(operation), 76, 147
(subsection), 194

metaclass, 17, 30, 33, 40, 60. Seeclass

minimal-decimal-exponential
(diagram), 237, 239, 241242

minimum
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(operation), 75, 90
minus
(implementation agorithm), 17-18,
21, 2224, 6668, 70, 80, 88,
100-101, 109, 135, 144, 148,
159, 164-165, 181
(operation), 75, 88
mixed, 25, 114, 144, 166, 192
mode, 33, 52, 141, 179, 190, 207, 212,
249-250, 252, 259-260
mode-names, 7, 33
modulo
(implementation algorithm), 21, 22, 93
monadic, 200
monadic-dyadic-operator, 200
monadic-dyadic-operator-header
(diagram), 200, 205
monadic-function-header
(diagram), 200, 204
monadic-monadic-operator, 200
monadic-monadic-operator-header
(diagram), 200, 205
monadic-operator
(class), 29
content: A character, 32
(diagram), 57, 62
monadic-operator-name-token
(diagram), 55
monadic-operator-part
(diagram), 205
monadic-scalar-extension, 6566
monadic event simulation
(operation), 77, 187
monadic format
(operation), 78, 196, 240
monadic transpose
(operation), 76, 139

N

n-wisereduction, 121
(operation), 76, 121
name, 33, 34-35, 184, 199, 218, 258—
259, 261
name-class, 192, 259
(operation), 184, 187
nameclass
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(operation), 77, 182
namelist
(operation), 77, 184, 187
nand
(operation), 75, 98
natural-logarithm, 19
(implementation algorithm), 21, 22,
83, 92
natural logarithm
(operation), 75, 83
near-boolean, 23, 27, 87, 98-99, 149,
151, 232
near-integer, 23, 26-27, 70, 73, 95, 109,
112, 121, 133, 143-144, 148—
149, 153, 159, 161-162, 164—
165, 184, 187-189, 191-192,
195-197, 244
(diagram), 172
near-real, 23
near-real number, 102, 104-105, 135
negation, 22, 23, 80, 82
negative
(operation), 75, 80
negative-counting-number, 18, 19
negative-counting-number-limit, 38
(implementation parameter), 241
negative-integer, 19, 85, 94
negative-number, 19, 22, 213, 242
negative-number -limit, 38
(implementation parameter), 100, 118,
123, 236
negative-one, 18
not cross-indexed. See page 18
next-definition-line
(implementation algorithm), 21, 214
nil, 187, 191
(class), 8, 29, 30, 32-34, 36-37,
44, 53, 64, 6668, 70-73, 82,
93, 97-98, 100-105, 109, 133,
135, 146-148, 159, 165, 167,
169-170, 172, 174, 182-183,
193, 199, 201, 203, 207, 209—
210, 212, 218, 222-223, 226,
230, 241, 250, 255, 259
niladic, 200, 208
niladic-defined-function
(class), 29, 53, 65, 182-186, 188189,
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201, 209-211, 257259
content: A defined-function, 32
niladic-defined-function-name
(class), 29, 30, 53, 56, 62, 65
content: A list of characters, 32
niladic-function-header
(diagram), 200, 204
niladic-system-function-name
(class), 29, 30, 53, 62, 65, 200
content: A list of characters, 32
niladic system function, 178
nonempty-list, 24, 25
nonnegative-counting-number, 18, 19,
24-26, 38, 112
nonnegative-integer, 19, 85, 94, 109,
133, 149
nonnegative-number, 19, 20, 23, 35, 95,
148, 194, 234
nonquote
(diagram), 47
nonzero-digit
(diagram), 238-240
nor
(operation), 75, 99
not
(operation), 75, 87
not-copied
(class), 29, 32
Definitions, 33
System Commands, 256
not-erased
(class), 29, 32
Definitions, 33
System Commands, 256
not-found
(class), 29, 32
Definitions, 33
System Commands, 257-258
not-saved
(class), 29, 32
Definitions, 33
System Commands, 259-260
not equal
(operation), 75, 103
(subsection), 194
number, 12, 17, 19-20, 25, 83, 97-98,
155, 163
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not cross-indexed. See page 8

operations:
closed-interval-between, 22
direction, 22
distance-between, 23
equals, 22
greater-than, 22
integer-nearest-to, 23
integral-within, 23
larger-magnitude, 22
less-than, 22
magnitude, 22
near-boolean, 23
near-integer, 23
near-real, 23
negation, 22
open-interval-between, 22
tolerant-floor, 23
tolerantly-equal, 23

related terms:
arc, 19
boolean, 18
complex-integer, 19
complex-number, 19
counting-number, 19
first-quadrant-associate, 20
five, 18
four, 18
fraction, 19
half-plane, 19
imaginary-one, 18
index, 24
integer, 19
negative-counting-number, 18
negative-integer, 19
negative-number, 19
negative-one, 18
nonnegative-counting-number, 18
nonnegative-integer, 19
one, 18
one-half, 18
positive-counting-number, 18
positive-integer, 19
positive-number, 19
real-number, 19
six, 18
three, 18
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two, 18
unit-square, 19
zero, 18
number-of-items, 24, 25-26, 51, 70,
108, 127, 164-165, 179, 201,
210, 260
(diagram), 172
number-of-rows, 27, 182, 202, 212
number-set, 17
numeric, 235, 249
(array type), 25, 26-28, 39, 54, 65,
68, 70, 80, 100, 108-109, 133,
135, 148, 157, 159, 163, 178—
179, 181-182, 228, 243
numeric-input-conversion
(implementation algorithm), 21, 54,
213, 235, 236
(subsection), 235
numeric-literal
(class), 29, 30, 51, 54, 211
content: A list of numbers, 32
(diagram), 4546, 54
numeric-output-conversion
(implementation algorithm), 21, 38,
196, 235-236, 237, 241-242,
244
(subsection), 237
numeric-scalar, 26, 73, 208
numeric-scalar-literal
(diagram), 38, 46, 54, 236-238, 241

@)

object, 24
object, 7
offer
(operation), 222
(subsection), 222
offer
(operation), 217, 230
omega
(diagram), 45
one, 18
not cross-indexed. See page 18
one-element-vector, 26, 66-68, 127,
135, 148, 153, 155
one-half, 18
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not cross-indexed. See page 18
open-interval-between, 22,95, 143,161
open-keyboard, 35, 247-248. See

keyboard-states
opening-request

(diagram), 212, 214
operand

(diagram), 54-56
operation

(diagram), 54-55
optional-facility

(conformance term), 10, 11-13, 36,

39, 44, 51, 185186, 188-189,
217
or

(subsection), 194
or/gcd

(operation), 75, 98
otherwise

(evaluation sequence phrase), 40
outer product

(operation), 76, 126
overbar

(diagram), 46, 50, 238240
owner, 34, 37, 255, 258

P

partial-index-list
(class), 29, 60, 62, 73
content: An index-list, 32
pattern, 60-61, 199
pendent, 183, 201
permitted-blanks
(diagram), 203, 207, 213-214, 257
phrase, 60, 64
phrase-evaluator, 53, 60-61, 64, 80, 87,
199, 225
phrase-table, 6061, 199
phrase evaluators, 62
Build-Index-List, 72
Evduate-Assignment, 71
Evaluate-Dyadic-Function, 67
Evd uate-Dyadic-Operator, 69
Evaluate-1ndexed-Assignment, 71
Evaluate-Indexed-Reference, 70
Evd uate-M onadic-Function, 65
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Evd uate-M onadi c-Operator, 66
Evd uate-Niladic-Function, 64
Evaluate-Variable, 72
Process-End-of-Statement, 73
Remove-Parentheses, 64
pi-times
(implementation algorithm), 21, 22, 86
pick
(operation), 172
pi times
(operation), 75, 86
plus
(implementation agorithm), 17-19,
21, 22, 24, 27, 66-68, 70, 85,
88, 109, 133, 135, 143, 146,
148, 159, 165, 181, 202, 208,
260
(operation), 75, 88
positioning-request
(diagram), 213, 215
positive-counting-number, 18, 19, 24,
38-39
positive-counting-number -limit, 38
(implementation parameter), 241
positive-integer, 19, 133, 188-189, 244
positive-number, 19, 20, 22, 39, 91, 213
positive-number -limit, 38
(implementation parameter), 100, 118,
123, 236
power
(operation), 75, 91
prefix, 25, 60-61, 199
present, 34, 255, 258-260. See
wor kspace-presence
presentation-space, 249
presentation space
(implementation algorithm), 248
primary-name, 221, 229-230
primitive
(class), 29, 30, 51-52, 54, 59
content: A character, 32
(diagram), 45, 47, 177
primitive-dyadic-operator
(class), 69
(diagram), 57
primitive-dyadic-scalar-function
(diagram), 64, 68
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primitive-function
(class), 29, 30, 59, 61-62, 65-68, 74
content: A character, 32
(diagram), 55-57
primitive-monadic-oper ator
(diagram), 57
primitive-monadic-scalar-function
(diagram), 64—-65
print-precision
(system parameter), 35, 3638, 91, 93,
196, 211, 235-237, 241, 243,
257
print-precision-limit, 38
(implementation parameter), 38, 196
print precision
(operation), 77, 196
process-end-of -statement
(phrase evaluator), 60, 62, 73
(subsection), 73
produce-canonical-representation-vec-
tor, 192
(implementation a gorithm), 21
product-of, 24, 25-27, 112
program
(conformance term), 9, 10, 13
proper-defined-function, 200, 202,
210-211, 214
pseudorandom-number -gener ator
(implementation algorithm), 21, 133—
134

Q

quad
(diagram), 4647, 50, 215
0Ex, 201
0rFx, 199, 202
gro,74
guad-input
(context mode), 33, 39, 252
(subsection), 44
guad-prompt, 39
(implementation parameter), 249, 252
qguad input
(operation), 43, 78, 252
(subsection), 43
guad output
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(operation), 78, 253
query stop
(operation), 77, 185
query trace
(operation), 77, 186
guote
(diagram), 47, 49
guote-quad
(diagram), 4647, 50
guote-quad-output-limit, 38
(implementation parameter), 254
guote-quad-prompt, 35, 249, 253-254,
257
guote quad input
(operation), 78, 253
guote quad output
(operation), 78, 254
(subsection), 38

R

random-link
(system parameter), 35, 36-37, 74,
133-134, 148, 195, 257
random link
(operation), 77,195
rank, 25, 26-28, 38, 68, 70, 73,109, 112,
116, 119, 122, 129, 135, 140—
141, 143144, 148-149, 151,
153, 159, 161-165, 174, 182—
186, 188-189, 194198, 200,
210-211, 221, 227, 229-233,
241, 244, 254
(diagram), 172
(operation), 76
rank-error
(class), 29, 32
Defined Functions, 210-211
Definitions, 26, 33
Formatting and Numeric Conver-
sion, 244
Input and Output, 254
Mixed Functions, 135, 140-144,
146, 148-149, 151, 153, 159,
161-167, 169170, 172
Operators, 121, 125, 131
Scalar Functions, 79
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Shared Variables, 227, 229-234
Structural Primitive Functions, 109,
112
Syntax and Evaluation, 6870, 73
System Functions, 181-189, 191—
192
System Variables, 194-198
rank-limit, 38
rank-vector, 129
rank operator definitions
(operation), 129
rank operator deriving dyadic func-
tion
(operation), 131
rank operator deriving monadic func-
tion
(operation), 130
ravel
(operation), 75, 107
ravel-along-axis, 27, 127, 157
ravel-list, 25, 26, 27, 40, 54, 65-68, 70,
107-109, 112-114, 116-117,
119, 121122, 125127, 133,
135, 138, 141, 144, 149, 151,
153, 155, 157, 159, 161-1686,
169-170, 172-174, 181-182,
184, 188-190, 192, 198, 210,
227, 229230, 232-234, 241,
244, 254, 259
(diagram), 172
read-keyboard
(implementation algorithm), 21, 212,
247-248, 250, 252253
real-number, 19, 82, 236, 244
real-part, 19-20, 23, 82, 91, 96, 236—
237,241
real-scalar-literal
(diagram), 46
real-tolerance, 23, 38
real-within, 23
reciprocal
(operation), 75, 81
reduce-statement
(operation), 43, 52, 59, 60
(subsection), 43, 52, 59
reduction, 121
(operation), 76, 115, 120
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reduction-style, 38, 115-116
referent-list, 33, 34-35, 193, 201, 203,
223,255
remainder-of, 27, 116
remove-parentheses
(phrase evaluator), 62, 64
(subsection), 64
repeat
(evaluation sequence phrase), 40
replicate
(operation), 76, 149
report
(metaclass), 33
report-state, 224-226, 233
(operation), 223
(subsection), 223
representation
(operation), 77, 157, 158
required-blanks
(diagram), 203, 207, 257
required-character-set
(conformance term), 12, 15, 44
(implementation parameter), 37, 179
required-documentation
(conformance term), 17
reshape
(operation), 68, 75, 112
residue
(operation), 75, 93
(subsection), 194
rest-of, 24, 25, 27, 73
result
(diagram), 200, 203-204
(metaclass), 33, 43-44, 52, 60, 62,
199, 247, 252
result-name
(class), 29, 30
content: A list of characters, 32
(diagram), 202-204, 209
resultant-prefix, 6061, 62
rethread
(evaluation sequence phrase), 41-42
retract
(operation), 183, 203, 223, 231, 255
(subsection), 223
return
(evaluation sequence phrase), 4041
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reverse
(operation), 76, 138
right
(operation), 77, 168
right-argument-name
(class), 29, 30
content: A list of characters, 32
(diagram), 202—205
right-axis-bracket
(class), 29, 30, 32, 52, 55, 59, 62
(diagram), 58
right-bracket
(diagram), 215-216
right-end-of-statement
(class), 29, 30, 32, 52, 59, 61-62
right-index-bracket
(class), 29, 30, 32, 52, 56, 59, 62
(diagram), 58
right-operand-name
(class), 29
content: A list of characters, 32
(diagram), 202—203, 205-206
right-parenthesis
(class), 29, 30, 32, 62
(diagram), 56, 58
roll
(operation), 74, 76, 80, 133, 134, 148,
195
(subsection), 197
rotate
(operation), 77, 153
row, 27, 177, 183, 200, 202, 208, 210,
213, 221, 227, 229-233, 241,
249

S

save activeworkspace
(diagram), 259
save active wor kspace with name
(diagram), 260
scalar, 25, 26-27, 65-68, 70, 113-114,
116, 119, 121, 127, 133, 138,
143-144, 148-149, 151, 153,
155, 157, 159, 161-163, 165,
181, 197, 232, 235, 243-244,
249
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scalar-extension. See dyadic-scalar-
extension, See also monadic-
scalar-extension
scalar -extension-oper ator, 79
scalar-function, 79-80, 87, 128
scan
(operation), 76, 119, 120
(subsection), 8
semicolon
(class), 29, 30, 32
session
(object), 7, 35, 36-37, 39, 41, 217—
221, 230, 247
attributes:
active-workspace, 35
attention-flag, 35
current-prompt, 35
event-message, 35
event-time, 35
event-type, 35
keyboard-state, 35
guote-quad-prompt, 35
this-owner, 35
this-session, 35
operations:
attempt-to-erase, 255
copy, 256
current-class, 35
current-content, 35
current-context, 35
current-function-line, 203
current-referent, 35
current-stack, 35
delocalise, 203
global-context, 255
global-referent, 255
localise, 203
symbol-named-by, 35
related terms

current-canonical-representation, 203

current-last-line-number, 203

current-left-argument-name, 203

current-left-operand-name, 203
current-local-names, 203
current-result-name, 203

current-right-argument-name, 203
current-right-operand-name, 203
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current-stop-vector, 203
current-trace-vector, 203
edit-actions, 248
enter, 248
signal-attention, 248
signal-interrupt, 248
system-parameter, 36
session-a, 36, 37, 222-226, 228-229,
232,234
session-a-active, 36, 37, 222223, 228—
229
session-a-acv, 36, 37, 222223, 232
session-a-event, 36, 222—224, 234
session-b, 36, 37, 222226, 228-229,
232,234
session-b-active, 36, 37, 222—223, 228—
229
session-b-acv, 36, 37, 222-223, 232
session-b-event, 36, 222224, 234
session-identification, 34, 35-37, 39,
228, 230
session-identification-type, 39
(implementation parameter), 34, 228
set
(evaluation sequence phrase), 41
set stop
(operation), 77, 188
set trace
(operation), 77, 189
shape, 192
(operation), 61, 68, 75, 108
shape-list, 25, 26, 27, 38, 65, 68, 70,
107-109, 113-114, 116117,
119, 122, 126-127, 133, 135,
138, 144, 149, 151, 153, 157,
159, 161-163, 165, 241, 244
(diagram), 125, 172-173
shared-name, 36, 37, 218, 222, 229
shared-value, 36, 37, 220-226, 231, 256
shared-variable, 233
(class), 29, 53, 71-72, 182-184, 203,
209, 217-218, 222223, 227,
230-233, 255-258
content: A shared-variable, 32
(object), 7, 30, 36, 37, 39, 177, 217—
224, 226, 229
attributes:
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session-a, 36
session-a-active, 36
session-a-acv, 36
session-a-event, 36
session-b, 36
session-b-active, 36
session-b-acv, 36
session-b-event, 36
shared-name, 36
shared-value, 36
state, 36
shared-variable-access-control-inquiry
(operation), 219
shared-variable-assignment
(operation), 219
shared-variable-indexed-assignment
(operation), 219
shared-variable-list, 37, 217-218, 221—
223, 228-229, 234
shared-variable-name
(class), 29, 30, 53-56, 62, 71-72
content: A list of characters, 32
shared-variable-protocol
(optional facility), 12, 39, 217-218,
221
shared-variable-reference
(operation), 219
shared-variable-reset
(operation), 223, 257, 259
(subsection), 223
shared variable access control inquiry
(operation), 78, 226
shared variable access control set
(operation), 78, 232
shared variable assignment
(operation), 78, 225
shared variable degree of coupling
(operation), 78, 229
shared variable event
(operation), 78, 234
shared variableindexed assignment
(operation), 78, 226
shared variable offer
(operation), 78, 219, 230
shared variable query
(operation), 78, 228
shared variablereference
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(operation), 78, 224
shared variableretraction
(operation), 78, 231
shared variable state inquiry
(operation), 78, 233
SIC
(system command), 44, 199, 252
side-effect, 42, 53, 74
side effect, 165, 181, 188-189, 193, 210,
225-226, 230232, 253
sign, 81
(diagram), 238-240
signal
(evaluation sequence phrase), 4041
signal-attention, 247, 248
signal-event, 223-226, 232
(operation), 224
(subsection), 224
signal-interrupt, 44, 248
signum, 81
simple, 25
(diagram), 172
simple-array
(diagram), 112
simple-identifier
(class), 29, 30, 51, 53, 201-202, 208,
210, 212-213, 221, 255
content: A list of characters, 32
(diagram), 45, 178, 182-183, 185—
186, 188189, 204206, 215,
221, 227, 231-233, 256-257
simple-scalar, 25
(diagram), 111, 125-127
simple-scalars
(diagram), 173
sine
(implementation algorithm), 21,22, 95
six, 18
not cross-indexed. See page 18
small-circle
(class), 29, 30, 32, 62
(diagram), 55, 59
space
(diagram), 45, 47, 178
specific-offer, 218
stack, 33, 35, 141, 190, 201, 207, 212,
251-252, 259
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state, 36, 37, 223-226, 233
state-indicator, 34, 35, 141, 179, 190,
193, 199-201, 208, 212, 251—
252, 255, 259-260
Statement
(diagram), 52, 54
statement-separ ator
(diagram), 44-45, 47-48, 51
statement-separator -facility
(optional facility), 12, 44, 51
stop-vector, 28, 185, 188, 199, 203, 210,
212,214
subject-function
(diagram), 212, 214-215
sufficient-type, 25, 26-27, 70, 113-114,
144, 149, 159, 161, 166
surrogate-name, 221, 230
suspended, 201, 260
symbol
(object), 7, 33, 34-35, 183-184, 193,
202, 218, 220, 222-223, 229,
258-259, 261
attributes:
name, 33
referent-list, 33
operations:
degree-of-coupling, 222
symbol-named-by, 35, 203, 208, 229,
255
symbol-table, 34, 35, 218, 223
syntactic-unit
(metaclass), 30, 53, 60, 74
syntax-error
(class), 29, 32
Definitions, 33
Operators, 116, 119, 121, 126-127
Syntax and Evaluation, 44, 52-53,
60, 6472
system
(object), 7, 10, 37, 218
attributes:
active-users, 37
implementation-parameters, 37
library, 37
shared-variable-list, 37
operations:
library-workspace-named, 255
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related terms
implementation-algorithm, 20
system-command-line
(diagram), 250
system-function
(class), 182, 184
system-function-name
(class), 29, 30, 53, 55, 62, 65, 68, 74,
200
content: A list of characters, 32
system-function-name-token
(diagram), 57
system-name
(metaclass), 30
system-parameter, 35, 36, 136-137,
158, 193
system-variable
(class), 182, 184
system-variable-name
(class), 29, 30, 53, 55-56, 59, 62, 71—
72,74
content: A list of characters, 32
system-variable-symbol, 193

T

table
(operation), 75, 110
tablel, 12, 15
table2, 30
table 3, 60
table4, 64
table5, 116-117
table6, 121
table6, 121
take, 121
(operation), 77, 161
tangent
(implementation algorithm), 21,22, 95
this-owner, 34, 35, 255, 258
thissession, 35, 222226, 228-230,
232-234
thread
(evaluation sequence phrase), 41-42
three, 18
not cross-indexed. See page 18
time-stamp
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(implementation a gorithm), 22, 178
times
(implementation agorithm), 17-19,
21, 22, 25, 89, 100
(operation), 75, 89
timestamp
(operation), 77, 178
to-the-power
(implementation algorithm), 18,22, 91
token, 190
(diagram), 125
(object), 7, 29, 30, 33, 35-37, 4042,
44, 51-54, 59-61, 6474, 120,
126, 128, 141, 166, 182-183,
185-186, 188-189, 193-199,
201-203, 207-209, 211-212,
217, 223, 225-226, 247-248,
250-252, 257, 259
attributes:
class, 29
content, 30
related terms
token-diagram, 41
token-diagram, 41, 52, 54
tolerant-floor, 23, 82
tolerantly-equal, 23, 100, 146-147
tolerantly-less-than, 23
trace-and-stop-control
(optional facility), 12, 185-186, 188—
189
trace-display
(implementation algorithm), 22, 52
trace-vector, 28, 186, 189, 199, 203,
210,212,214
transfer form
(operation), 77,192
two, 18
not cross-indexed. See page 18
type, 25, 26, 27, 68, 70, 100, 107-108,
113114, 116-117, 119, 135,
138, 151, 153, 157, 159, 161,
163, 200, 241
(object), 25
typical-element, 25, 26, 151, 161
typical-element-for-mixed
(implementation a gorithm), 22
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U

underbar
(diagram), 4546, 50
unique
(operation), 76, 142
(subsection), 194
unit-circle, 22, 81
unit-square, 19, 23, 82
unwind
(class), 29, 32-33, 44, 199, 208-209,
252
user-identification, 34, 35
user-identification-type, 39
(implementation parameter), 34
user facilities. See edit-actions, See
also enter, See also signal-
attention, See also signal-
interrupt
using
(evaluation sequence phrase), 41

\%

valence-error
(class)
Defined Functions, 208
Operators, 124
Syntax and Eva uation, 65, 638
valid-axis, 26, 116, 119, 121, 138, 149,
151, 153
value
(metaclass), 30, 33, 60, 65—66, 68—71,
165, 209, 248-249, 252
value-error
(class), 29, 32
Defined Functions, 209
Definitions, 30, 33
Input and Output, 252
Mixed Functions, 141
Operators, 125
Shared Variables, 226
Syntax and Evauation, 64—72
value-returning, 200, 209
value-set, 24
values
(diagram), 125
variable
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(class), 29, 53, 71-72, 166, 182-184, wor kspace-name-length-limit, 38
209, 218, 230, 257-259, 261 wor kspace-presence, 7, 34. See absent,
content: Anarray, 32 See also present
variable-name
(class), 29, 30, 53, 55-56, 59, 62, 71— z
72,165
content: A list of characters, 32 zero, 18
vector, 26, 2728, 35-37, 54, 107, 109, not cross-indexed. See page 18
114, 116, 119, 121, 127128, zero-digit
138, 144, 146, 148-149, 153, (diagram), 238-240

157, 159, 178-179, 182, 210,

221, 228, 232, 248-249, 253
vector-item, 27, 116, 119, 122, 127, 138,

144, 149, 153, 155, 157, 244
vector indexing, 70

W

waiting, 183, 201
wait until
(evaluation sequence phrase), 41
when
(evaluation sequence phrase), 42
without
(operation), 77, 167
wor kspace
(object), 7, 34, 35, 37, 220221, 255,
258
attributes:
existential-property, 34
owner, 34
state-indicator, 34
symbol-table, 34
wor kspace-name, 34
related terms
already-exists, 255
does-not-exist, 255
editable, 201
globally-erasable, 201
locally-erasable, 201
pendent, 201
suspended, 201
waiting, 201
wor kspace-identifier
(diagram), 255-257
wor kspace-name, 34, 37-38, 255, 258—
261
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