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APL stands for A Programming Language. It is a notation invented by K. E. Iverson in the late 1350s
for the description of algorithms and expanded on and made into the programming system

ADr\2Aen [ | a i
APL\360 by lverson and his colleagues Adin Falkoff, Larry Breed, Dic

in the mid-1960s.

0
=
T
3
o
]
J
2
0
[9)

—  the term “this standard” is understood to mean ‘‘this International Standard”’;

rrooa

— thg words “‘chapter”’, “‘section” and “‘subsection’” are understood to mean “clause”, “subclause/~and ‘[sub-

subclagise’’, respectively.

0. Introduction 3
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1 SCOPE AND FIELD OF APPLICATION

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

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

It also specifies requirements for conformance to this standard, including the publication,of'Malues
and chafacteristics of implementation properties so that conforming implementations can‘be
meaningfully compared.

This stanpdard does not specify:

implementation properties that are likely to vary with the particular equipment or operating
system used;

requjred values for implementation limits such.as APL workspace size or numeric precision;
the data structures used to represent APL objects;

the facilities available through shared variables.

1. Scope and Field of Application

5
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2 REFERENCES

1ISO 2375 : 1985, Data processing — Procedure for registration of escape sequences.

ISO 2382-15 : 1985, Data processing — Vocabulary — Part 15: Programming languages.

2. References 7
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3 FORM OF THE STANDARD

This standard is a formal model of an APL machine, specified as a collection of finite sets, diagrams,
and evaluation sequences, and objects constructed from finite sets, diagrams, and evaluation
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 workspace-presence.

Diagrgms are directed graphs used to designate syntactic forms.

Evaluation sequences are formal procedures that operate on finite sets, diagrams, other evaluation
sequefnces and objects defined in the standard.

Objects are entities consisting of enumerated set members and other objects, 'The objects are list,
array,|defined-function, token, symbol, context, workspace, session, shared-variable, and $ystem.

Each object has attributes describing its state. The attributes of an array; for example, are its typical
element, its shape, and its ravel.

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

3.1 FORM OF DEFINITIONS

Defingd terms in this standard are always set.in bold and indexed. The index entry beging with the
page humber of the definition followed by thé page numbers of all references to the term.| If the
definilion and a use of a term occur on thesame page, that page number will occur twice [in the
Index,

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

Note: Terms in this document include-both phrases such as implementation-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 this way.

(2) Members of an enumerated set are defined simply by being listed in the definition pf the
enumerated set. The term nil is defined in this way, as a member of the enumerated set
class-names.

(3) Diagrams are defined by directed graphs. The term expression is defined in this way.
(4) Definitions of terms that designate evaluation sequences take the following form:
The term being defined, such as scan.

The forms that the evaluation mechanism used in the standard recognises as designating this
term, suchas Z <« f\ B.

An informal introduction indicating the purpose of the procedure. The informal introduction is
considered commentary on the standard.

3. Form of the Standard 9
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An evaluation sequence expressed in a formal, though English-like, language defined in

the

subsection Evaluation Sequences. A conforming-implementation is required 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 evaluation sequence.
Examples are considered commentary on the standard.

Additional Requirements, giving aspects of the behaviour required of this operation that
cannot conveniently be expressed in the evaluation sequence.

3.2 NAMEDQ ARRAYS IN EXAMPLES

In the examples in this standard, APL identifiers beginning with N, such as N23u4 _represent
numeric arrays whose shape and content are specified by the digits in the identifier. “Each digit

in the

identifier spegifies an element of the shape vector; each element of the array, when broken down [into

digits, gives the index of that element.

For example,
1
12 3
23
11 12 13
21 22 23
234

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

211 212 213 214
221 222 223 224
231 232 233 234
234233311
231

3.3 NOTES

This standard contains.notes that comment on the text of the standard, pointing out the significance of

definitions, npting relationships between definitions, and otherwise making the text approachable
These notes pre’set in a different type style than the text of the standard, and are prefixed with the

word "Note:”] The following is an example of a note.

Note: This is an 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 always to a subsection title. In the Index, subsections are treated 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.

10 APL Standard
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3.5 GENERAL DEFINITIONS
For the purpose of this standard, the definitions given in ISO 2382-15 and the following definitions apply:

3.5.1 Program: An application.

Note: The term is used in this standard to include everything from an APL expression to a collection of workspaces
communicating via shared variables.

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

NI: An implementation is an instance of the object system specified by this standard.

3.5.3 Faility (of an implementation): A unit of behaviour. Every facility is one of:

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

Optional-Facility: A facility fully specified in this standard and desighated optional

Implementation-Defined-Facility: A facility not fully specified by this standard that |s
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 signalling the
specified error.

3. Form of the Standard 1
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4 COMPLIANCE

4.1 CONFORMING IMPLEMENTATIONS

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

4.1.1 Required Behaviour for Conforming Implementations

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

A conforming-implementation may provide optional-facilities. If provided, an optional-facility shall
behave as specified by this standard. Attempted use of an optional-facility-that is not provjded shall
cause [the conforming-implementation to signal an error. A conforming-implementation shall not
replacp 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 algorithms that produce results that are the samg as those
produged by the evaluation sequences. Mathematical function algorithms shall have at legst the
accurgcy that the algorithms given in the evaluation sequences would produce.

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

The errprs produced by the absence of an optionai-facility cannot be replaced by consistent-extensions in a
conforming-implementation, since this would affect the behaviour of conforming-programs that use the optional-fagility.

4. Compliance 13
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4.1.2 Required Documentation for Conforming Implementations

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-facilifies:

Shared-Vgriable-Protocol. A mechanism that permits one session to exchange data with-othet
autonomous sessions.

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

Trace-and-Stop-Control. A mechanism that assists the testing and correction-of-defined functidns.

4.1.2.2 Documentation of Implementation-Defined-Facilities
A conformingtimplementation shall document the following aspects-of
implementatign-defined-facilities:

A descriplion of the character-set. This shail include a table showing the correspondence
betweep index positions in the atomic-vector and theimembers of the required-character-set. |f
the graphic symbols used in a conforming-implementation are dissimilar to those in Table 1, the
corresgondence between the graphic symbols used in the implementation and those in Tabje 1
shall b¢ given. -

A description of the numbers. This shalldnclude a characterisation of the internal representation
used for numbers.

Descriptigns of the characteristics 6f'each implementation-algorithm.

The valug of each implementation-parameter.

A description of each intefnal-value-set.

4.1.2.3 Consistent Extensions
A conformingrimpiementation shall document all consistent-extensions it provides. The
documentatiojn shall ci indi i i bm

conforming w

ith this standard.

Note: Implementers of conforming-implementations should, in general, be wary of replacing limit-errors with
consistent-extensions, since these errors are the only safequards a conforming-program has when attempting to operate in a
conforming-implementation whose implementation-parameters are inadequate to support it.

For example, if the limit-error on identifier-length-limit were not signalled, a conforming-program with identifiers longer than the
local identifier-length-limit would malfunction without warning.
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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 confprming-program shall not depend on the signalling of any error by a
conforming-implementation.

Note: Conforming-programs canndt depend on error behaviour, since consistent-extensions that-replace errors afe permitted in
conforming-implementations.

4.2.2 Required Documentation for Conforming Programs
A conforming-program shall document which optional-facilities it requires.

A cor;[orming-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 results on all
conforming-implementations, because of inherent dependencies on implementation-parameters or implementationtalgorithms
such as the algorithm used for matrix inversion.

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

4. Compliance 15
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5 DEFINITIONS

5.1 CHARACTERS

Character-Set: An implementation-defined finite set.

Character: A member of the implementation-defined finite set character-set.

R

Additig

Memb
particd

uired-Character-Set: An enumerated set whose members are designated by the gr
ymbols in Table 1. The character-set provided by a conforming-implementation®sh
Il members of the required-character-set.

nal Requirement:

ers of the required-character-set are represented in this standard by-graphic symbo
lar typeface, as shown in Table 1. The graphic symbols associated with the

required-character-set in a conforming-implementation are implementation-defined.

Note: T
publish,

here are conformance requirements associated with the required-character-set.” A conforming-implements
as part of its required documentation, a table giving the correspondence between the graphic symbols in

the atomic-vector. Where the graphic symbols provided are not similar in appearance to those used in this stand.

corresp

Some o
provide

bndence between the graphic symbols in this standard and those provided by the implementation must alg

F the graphic symbols given in Table 1 are not used to designate APL constructs in this standard. They ar
all keys on common terminal keyboards with corresponding symbols.

aphic
all contain

Is in a

ption must
Table 1 and
prd, the

0 be provided.

e present to
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Table 1 — The Required Character Set

Alphabetic Characters
ABCDEFGHIJKLMNOPQRSTUVWIXY?Z
ABCDEFGHIJEKELMNQPQRSTIUVWZXYZ
Numeric Characters
01234567829
Special Characters
a alph ¥ del tilde [ quote quad
+ down arrow A delta p rho
< left arrow A delta stile s semicolan
> right|arrow A delta underbar u down §hoe
4 up arrow ** diaeresis c left.shoe
- bar ¢ diamond > right shoe
blank <+ divide v up shoe
{ left Brace $ dollar sign A up shoe jot
} right|brace . dot / slash
[ left Hracket € epsilon \ back slash
] right|bracket = equal # slash bar
v down caret 2 greater-than or equal X\ back slash bar
~ dowr caret tilde 1 iota * star
< left daret o jot | stile
> right|caret < less-than orjequal L down stile
A up caret X multiply [ up stile
~ up caret tilde z notequal 1 down tack
o circl ~ overbar @ down tack jot
® circl¢ backslash (.left parenthesis | left tack
© circle bar ) right parenthesis -| right tack
® circle star + plus T up tack
o circl¢ stile 0 quad 3 up tack jot
: colo B quad divide ~ tilde
, comma ? query _ underbar
V del ! quote w omega
V del stile ! quote dot
The names jn"Table 1_are not to be considered part of this standard, |
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5.2 NUMBERS

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

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

E

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

4 Plus B.

Note: Plus implements aadition.

A Minus B.

Note: Minus implements subtraction.

A Times B.

Note: Times impiements muitiplication.

A Divided-by B.

Note: Divided-by implements division.

Note: Each elementary-operation is a mapping from the Cartesian product of the number-set with itself back onto the
unlon of the number-set and the metaclass error, as described in the subsection Implementation-Algorithms) It is assumed
th4t members of the metaciass error are returned by elementary-operations when resulits cannot be represepted as
nufnbers. in particular, exponent-overflow is returned when the resuit of an elementary-operation is too lafge in
mdgnitude to be represented by a number, exponent-underflow is returned when the result of an elementary-operation is
nop-zero but too small in magnitude to be represented by a number other than zero, and domain-error is retyrned by an
eldmentary-operation called with arguments for which its mathematical counterpart is undefined, such as ong divided-by
zefo.

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-underflow occur in the intermediate
results of implementation-algorithms wherever possible. In any case, exponent-underflow should not cause g limit-error.

ugh to cover all knowh and possible floating-point systems was felt to be less useful than the requirement that the
internal representation)for numbers in a conforming-impiementation be described in the required-documentation for the
implementation.

T:E fact that these fundamental algorithms are effectively undefined in the standard is intentional. A definitipn general
e
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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 arrays represented as strings of APL digits, such as 1, and members of the the implementation-defined finite set
containing numbers, such as one. ’

These terms are always set in bold when they are used in this formal sense. They are not cross-indexed.
Zero: A number such that, for any number 4, A plus zero is 4.

One: A number such that, for any number 4, 4 times one is 4.

Negative-Dne: Zero minus one.
Two: One plus one.

Three: Two plus one.

Four: Three plus one.

One-haif:| One divided-by two.
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5.2.3 Subsets of the Set of Numbers

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

Boolean: zero or one.

Note: Faise is represented by zero, true by one.

Note: A counting-number is 2 member of the subset of the numbers accessible under a successor function.

Positive-Counting-Number: one or any number that can be generated by A plus one,
a positive-counting-number.

where 4 is

Nepative-Counting-Number: The number negative-one or any number that can be gen
lus negative-one, where N is a negative-counting-number. :

negative-Counting-Number: A positive-counting-number or zero.

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

erated by N

integer is a member of the subset of the numbers accessible from zero and one through addition and suptraction.

Positive-Integer: A positive-counting-number or a number 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
where 4 and B are negative-integers.

Nt]:negative-lnteger: A positive-integer or zero.
Infeger: A negative-integer or a nonnegative-integer.

Pgsitive-Number: A positive-integer, or/a number other than zero that can be genera

limes B, by 4 divided-by B, or-by.-A plus B, where 4 and B are positive-numbe

4 plus B,

t.td by 4

Ndgative-Number: A negative-integer, or a number other than zero that can be generafed by 4

D are negative-numbers.

Ngnnegative-Number_-A positive-number or zero.

Note: Tlhe numbers are assumed to comprise the negative-numbers and the nonnegative-numbers.

times B, by 4 divided-by"~ B, or by C plus D, where 4 is a positive-number and| B, C and

5. De
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Example

Consider a normalised base-2 floating point number system with a two position exponent field and a two position mantissa field

with the radix point between the digits. The decimal vaiues representable with this system and the categories into which each
falls are as follows:

Exponent Mantissa Value Boolean  Counting- Integer
in Base 2 in Base 2 in Base 10 Number

00 00 0 Y Y Y
00 10 1 Y Y Y
00 11 1.5

oi i0 2 Y Y
1°2) 11 3 Y Y
10 10 4 Y Y
10 11 6 Y
11 10 8 Y
11 11 i2 Y

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

A given number,such as a counting-number, may have several hardware representations. Except for-their effect on system
resources, these|representations should be indistinguishable to a conforming-program.
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5.2.4 Implementation Algorithms

An Implementation-Algorithm is an algorithm used in this standard whose behaviour is

implementation-defined. The following implementation algorithms are used in this standard.

Cosine
Current-Time
Deal

Display
Divided-by
Exponential

Fuhction-Display
ma-Function
erbolic-Cosine
erbolic-Sine
erbolic-Tangent
erse-Cosine
erse-Hyperbolic-Cosine
erse-Hyperbolic-Sine
erse-Hyperbolic-Tangent

The fdllowing implementation-algorithms take two numbers as arguments and return eith

or an jerror: Divided-by Minus Modulo Plus Times To-the-Power.

er a number

The properties of the remaining implementation-algorithms are described in the chapters in which

they are used.
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5.2.5 Defined Operations

A Equals B: An operation that, for A and B numbers, returns one if 4 and B are the same
number, and zero otherwise.

Sign of A: An operation that, for A a number, returns one if 4 is a positive-number, zero if 4 is
zero, and negative-one if 4 is a negative-number.

A is Greater-Than B: An operation that, for 4 and B numbers, returns one if 4 is a

or
T S YV G ey e
positive-number and B is a negative-number

and retgrms—zerootherwise:

: retu rns one if 4 minus B is a positive-number,

‘A is Less{Than B: An operation that, for 4 and B numbers, returns B greater-than 4,

Negation of A: An operation that, for any number 4, returns zero minus 4.

AbsolutedValue of 2: An oneration that for any number A returns A if A i

.1 5= K= e~ (XA X=1 9 Qily vewasns

nonneg atwe-number, and the negation of 4 otherwise.

Exact-Flopr of A: An operation that, for any number A4, returns the highést integer B such that B
equals|d or B is less-than 4.

Exact-Ceiling of A: An operation that, for any number 4, returns the lowest integer B, such that
B equals 4 or B is greater-than 4.

Note: The fwo preceding definitions assume that the highest and lowest\fumbers are integers (as is in practice the cgse in
computers)

Open-intgrval-Between A and B: An operation that, for any numbers 4 and B, returns a supset
of the numbers as follows: if 4 is not greater-than B, the set of all numbers greater-than 4|and
less-than B; otherwise, the open-interval-between B and 4.

Closed-interval-Between 4 and B: An operation that, for any numbers 4 and B, returns a sybset
of the numbers consisting of 4, B, and the open-interval-between 4 and B.

Left-Neighbourhood of 4 Determined-by B: An operation that, for any numbers 4 and B,
returng the closed-interval-between 4 and A minus the absolute-value of (4 times B).

Distance-Between A and- B: An operation that, for any two numbers 4 and B, returns the
absolute-value of 4 miinus B.

A is Tolgrantly-Equaito B Within C: An operation that, given three numbers 4, B, and C,
returngy a Boalean Z determined as follows:

If 4 equals B, then Z is one.

If the : A-th gF heR :

If the absqute-value of B is greater-than that of 4, and the absolute-value of A4 is in the
left-neighbourhood of the absolute-value of B determined-by C, then Z is one.

If the absolute-value of 4 is greater-than that of B, and the absolute-value of B is in the

left-neighbourhood of the absolute-value of A determined-by C, then Z is one.
Otherwise, Z is zero.

Tolerant-Floor of A4 Within B: An operation that, for 4 a number and B a nonnegative-number,
returns an integer Z determined as follows:

Let C stand for the integer for which the distance-between A4 and C is the smallest. If
there are two such integers, let C be the one that has the larger absolute-value.

If C isless-than 4, then Z is C.
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Otherwise,

If Cis not zero, then Z is C if 4 is tolerantly-equal to C within B, and Z is C minus one

otherwise.

If Cis zero, then Z is zero if 4 is in the closed-interval-between the negation of B and

Zzero, and negative-one otherwise.

A is Integral-Within B: An operation that, for two numbers 4 and B, returns a Boolean 2
determined as follows:

[Cet—Cstand for the negation of 4.
Z is one if the tolerant-floor of C within

B equals the negation of the tolerant-floor of 4
within B, and zero otherwise.

A |s a Near-Integer: An operation that, for a number 4, returns one if 4 is integral-within

integer-tolerance, and zero otherwise.

Note: This definition contains a forward reference to integer-tolerance.

Integer-Nearest-to A: An operation that, for a near-integer 4, returns the tolerant-floor| of 4

ithin integer-tolerance.

A is Near-Boolean: An operation that, for a near-integer 4, feturns one if the integer-nearest-to 4
is a Boolean, and zero otherwise.

Note: Note that near-integers and near-Booleans include numbers/:whose absolute-value is less-than integef-tolerance.
The|operation integer-nearest-to maps such numbers to zero.
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§.3 OBJECTS

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

Each object has a small set of named attributes that take on values that are characters, numbers, or other objects.
Each object has additionally a smail set of operations that 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-referenced in the index.

3.3.1 Lists

Index: A no]negative-counting-number less than or equal to index-limit.

List: An objgct with the following attributes:

Index-Sef: A finite set I of positive-counting-numbers chosen so that for every subset of I,
except|the empty set, the cardinality of that subset is in I.

Value-Sel: 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 is greater-than zero.

Number-of-items in L: The cardinality of the index-set*of the list L.

item X pf L: An operation that, for X a member of the index-set of the list L, returns the

member of the value-set of L, associated with. X by the correspondence between the value{set
of L ind the index-set of L.

Note: Note|that this form of indexing is always in‘origin one.

First-ltem in L: An operation that for a nonempty-list L returns item one of L.

Last-itemy in L: An operation that for a nonempty-list L, and for C the number-of-items in L,
returng item C of L.

Rest-of L: An operation‘that, for a nonempty-list L whose index-set has cardinality C, returns a
second list R whose index-set has cardinality C minus one, such that for each item o/ in th
index-set of R item J of R is item (J plus one) of L.

W

Product-Tf L+’ An operation defined on a list of numbers L as follows:

If the number-of-items in L is zero, one.
If the number-of-items in L is one, the first-item in L.

If the number-of-items in L is greater-than one, first-item in L times the product-of the rest-of
L.

Prefix: A (possibly empty) list P is a prefix of a list L if the index-set of P is a subset of the
index-set of [,, and each item of P is the same as the corresponding item of L.
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5.3.2 Arrays
Array-Type: An enumerated set containing the members character and numeric.
Array: An object with the following attributes:

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

Ravel-list: A list. The items of the list may be either characters or numbers.

Type—A member of the enumerated set array-type

Thd number-of-items in the ravel-list of an array 4 is the same as the product-of theshape-list of
4.

If the type of 4 is character, the ravel-list of 4 is a list of characters; if the type’of 4 is numeric,
the|ravel-list of 4 is a list of numbers.

Rank of A: An operation that, for an array or array-of-vectors A4, returns the numberof-items in
the shape-list of 4.

Scalar: An array whose rank is zero.

Naneric-Scalar with value I: For I, a number, the scalar’Z such that the type of Z is numeric
nd the ravel-list of Z is the list L such that the number-of-items in L is one and the [first-item
of Lis I.

Count of 4: For A an array, the product-of the’shape-list of 4.

Veg¢tor: An array whose rank is one.

Length of 4: For A a vector, the count-of 4.

Typical-Element of ‘4: For A an\array, if the type of 4 is character, the character blank{ if the type
f 4 is numeric, zero.

Empty: Of an array 4, the count of 4 is zero.

ne-element-vector, and the first-item in the ravel-list of K is a near-integer, the

nteger<nearest-to which is a member of the index-set of the shape-list of 4; and retufns zero
therwise.

Ax ;
shape-list of 4.

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

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

Ravel-list: A list. The items of the list are vectors, all of the same type.

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

Along-Axis K of A: An operation that, for an array 4 with non-zero rank IV, produces Z, an
array-of-vectors of rank N -1 such that the shape-list of Z is the shape-list of 4 with item K
omitted. Each item of the ravel-list of Z is a vector whose length is the same as axis X of 4.
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Note: Some operations on vectors extend to arrays of greater rank in a manner similar to scalar-extension. Along-axis is
an expository device used in the definition of these operations.

Vector-item I of 4: An operation that, for an array-of-vectors 4, returns item I of the ravel-list of
a.

Ravel-Along-Axis K of 4: An operation that, for an array 4 with non-zero rank N, produces an
array-of-vectors Z such that the shape-list of Z is the product-of the shape-list of 4 with item X
omitted, and the ravel-list of Z is the ravel-list of along-axis K of 4.

n4d: An one ion th or A

First-Scala dperatic atfc 3
type of| Z is the type of 4 and the ravel-lis

t of Z is the first-item in the ravel-list of 4.

Remainder-of A: An operation that, for 4 a non-empty vector, returns a vector Z such that the
type of| Z is the type of A4, the length of Z is negative-one plus the length of 4, and’the ravel-list
of Z is|the rest-of the ravel-list of 4.

Row I qf A: An operation that, for 4 an array of rank two and I a number.\returns vector-ifem
I along-axis two of 4. :

Number-¢f-Rows in 4: An operation that, for 4 an array of rank two/ returns item one of the
shape-]ist of 4.

Integer-Array-Nearest-to 4: An operation that, for 4 an array-having the property that each item
of the ravel-list of 4 is a near-integer, returns a numeric array Z such that the shape-list of |Z is
the same as the shape-list of A and each item of the ravel-list of Z is the integer-nearest-to|the
corresponding item of the ravel-list of 4.

Boolean-Array-Nearest-to A: An operation that, for'4d an array having the property that each|item
of the ravel-list of 4 is a near-Boolean, returns-the integer-array-nearest-to 4.
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5.3.3 Defined-Functions

Note: A defined-function represents a function defined by a user. The attributes of a deflned-function are given here.
Operations are described in the Defined Functions chapter.

Defined-Function: An object with the following attributes:
Canonical-Representation: A character array whose rank is two.

Stop-Vector: A numeric vector.

Trgce-Vector: A numeric vector.
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5.3.4 Tokens

30

Class-Names: A set containing the following members:

Assignment-Arrow Local-Name
Axis-Error Monadic-Operator
Branch Nil
Branch-Arrow Niladic-Defined-Function
Character-Literal Niladic-Defined-Function-Name
Clear-State-Indicator Niladic-System-Function-Name

—Colon Not-Copied
Command-Complete Not-Erased
Committed-Value Not-Found
Complete-Index-List Not-Saved
Constant Numeric-Literal
Defined-Function Partial-Index-List
Defined-Function-Name Primitive
Definition-Error Primitive-Function
Distinguished-ldentifier Rank-Error
Domain-Error Result-Name
Dyadic-Operator Right-Argument-Name
Elided-Index-Marker Right-Axis-Bracket
Escape Right-End-of-Statement
implicit-Error Right-Index-Bracket
Incorrect-Command Right-Parenthesis

* Index-Error Semicolon
Index-Separator Shared-Variable
Interrupt Shared-Variable-Name
Label Simple-ldentifier
Label-Name Small-Circle
Left-Argument-Name Syntax-Error
Left-Axis-Bracket System-Function-Name
Left-End-of-Statement System-Variable-Name
Left-Index-Bracket Unwind
Left-Parenthesis Value-Error
Length-Error Variable
Limit-Error Variable-Name

Token: A object with the“following attributes:

Classt A member.ofthe set Class-Names.

Content: A number, a character, or an object, according to the class of the token, as indic

in Table«2.

Note: Tokens-represent the internal objects manipulated by an implementation of APL.

ated

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 resuit name. Note that class-names is an

enumerated set. This means that nil has no definition other than its literal appearance on this page. lIts significance, like

the significance of APL characters in this document, lies in the use of its name in evaluation sequences.

The content of a token varies with the class of the token. If specified, the content is a character, a list of characters, a list
of numbers, an array, an index-list, a shared-variable, or a defined-function.
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Table 2 — Relationship between Class-Name and Content

Class-Name Content Class-Name Content
Assignment-Arrow Local-Name A list of characters
Axis-Error Monadic-Operator A character
Branch An array Nil

Branch-Arrow Niladic-Defined-Function A defined-function
Character-Literal A list of characters Niladic-Defined-Function-Name| A list of characters
Clear-State-indicator Niladic-System-Function-Name| A list of characters
Coion Not-Copied

Command-Complete Not-Erased

Commi Vatue An-array Not-Found

Complete-index-List An index-list Not-Saved

Constant An array Numeric-Literal A list of numbers
Defined-Function A defined-function Partial-index-List An index-list
Defined-Fupction-Name A list of characters Primitive A character
Definition-Error Primitive-Function A character
Distinguished-Identifier A list of characters Rank-Error

Domain-Erfor Result-Name A list of characters
Dyadic-Operator A character Right-Argument-Name A list of characters
Elided-index-Marker Right-Axis-Bracket

Escape Right-End-of-Statement

Implicit-Ergor Right-Index-Bracket

Incorrect-Gommand Right-Parenthesis

Index-Errof Semicolon

Index-Separator Shared-Variable A shared-variable
Interrupt Shared-Variable-Name A list of characters
Label An array Simple-identifier A list of characters
Label-Na A list of characters Smali-Circle

Left-Argument-Name A list of characters Syntax-Error

Left-Axis-Hracket System-Function-Name A list of characters
Left-E -Statement System-Variable-Name A list of characters
Left-index{Bracket Unwind

Left-Parenthesis Value-Error

Length-Error Variable An array
Limit-Errof Variable-Name A list of characters

5. Deﬂniiions
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5.3.4.1 Metaclasses

Note: Metaclasses are subsets of the enumerated set class-names. They are used to shorten evaluation sequences by
abstracting a sequence of tests on the class of a token into a single test for membership in a metaclass. “If B is an error,” is
equivalent to “If the class of B is in the metaclass error.”

Metaclass: A subset of the enumerated set class-names.
Identifier: A metaclass containing simple-identifier and distinguished-identifier.

Literal: A metaclass containing character-literal and numeric-literal.

nit: A metaclass containing primitive, literal, and identifier.
mefaclass containing committed-value and constant.

A metaclass containing primitive-function, branch-arrow, assignment-arrow,
-of-statement, right-end-of-statement, left-index-bracket, right-index-bracket,
ndex-marker, left-axis-bracket, right-axis-bracket, left-parenthesis, right-parenthesis,
ircle, and semicolon.
ame: A metaclass containing shared-variable-name, variable-name,
-function-name, niladic-defined-function-name, result-name, left-argument-name,
ument-name, label-name, and local-name.

ame: A metaclass containing system-variable-name, system-function-name, and
system-function-name.

-Name: A metaclass containing the members of system-name and defined-name.
Syntactig-Unit: A metaclass containing the members of classified-name and delimiter.

Error: A|metaclass containing axis-error, domain-error, implicit-error, index-error, length-errar
limit-efror, rank-error, syntax-error, value-error, and interrupt.

Note: This|metaciass includes only errors that'occur in the evaluation of APL statements.

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

Exceptioh: 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.
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5.3.4.2 Index-List

Index-List: A (possibly empty) list consisting of tokens whose class is either constant or
elided-index-marker.

5.3.5 Symbols

Symbol: An object with the following attributes:

Nate: A list of characters.

Referent-List: A list of tokens.
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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-i:e: A list of characters.
Current-Statement: A list of tokens.
Current-Function: If mode is defined-function, a defined-function; otherwise undefined.

Current-Liine-Number: If mode is defined-function, an index; otherwise undefined.

5.3.7 Workspaces

Note: The work$pace is the basic organisational unit in an APL system. A workspateé.contains data, programs, execution
and environmental information.

Workspace:

Workspac¢e-Presence: An enumerated set containing absent and present.

n object with the following attributes:

Owner: A user-identification.
Workspa¢e-Name: A list of characters.
Symbol-Table: A list of all symbols whose names are unique.
State-Indjcator: A list of contexts.

Existentidl-Property: A member/of the enumerated set workspace-presence.

Clear-Workspace: A workspace with the following values:

34

Owner: this-owner.

Workspace-Name: The clear-workspace-identifier.

able: A list of all symbols whose names are unique and whose referent-lists each

status,

State-Indicator: An empty list of contexts.

Existential-Property: absent.
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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 sequences in the standard.

The attributes of a session are given here.
Session-ldentification: Either a number or a list of characters, depending upon the

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

Iod-keboa'rd i

Sessign: An object with the following attributes:
Active-Workspace: A workspace.
This-Session: A session-identification.

This-Owner: A user-identification.

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

iote-Quad-Prompt: A character vector.

Q
Current-Context: The first-item in the state-indicator of the active-wor’kspace.
Current-Stack: The stack of the current-context.

S

'mbol-Named-By 7: The symbol- in the symbol-table of the active-workspace whosge name is
the same as the content of the token T

irrent-Referent of 7: The first-item in the referent-list of the symbol-named-by T'.

urrent-Class of 7:CThe class of the current-referent of 7.

pmparisans:Tolerance: The current-content of JCT'.

ndom-Link: The current-content of ORL.
PW- cision: = :

Index-Origin: The current-content of 0I0.

c
c
Chrrent-Contenf'of T: The content of the current-referent of I
c
R

Latent-Expression: The current-content of JLX.

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.
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5.3.9 Shared-Variables -

Note: A shared-variable is 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.
Session-B: A session-identification.

Session-E -Active: A Boolean.

Session-B-ACV: A Boolean vector of length four.
Shared-N me: An identifief.

Shared-V[

lue: A token, either a constant or nil.

State: An integer, either zero, one, or two.

Note: The operations in the chapter Shared Variables use the shared-variabie (@ttributes as follows:
Session-A: | The session-identification of the first session to offer the shared-variable.

Session-A-Active: A Boolean; one if session-A is currently sharingthis shared-variable, zero if not.

Session-A-ACV: The contribution of session-A to the ACV:

Session-B: | The session-identification of the session-with which session-A offered to share the shared-variable; this mpay be
the genegrai-offer while state is one. .

Session-B-Active: A Boolean; one if session-B is\currently sharing this shared-variable, zero if not.
Session-B-ACV: The contribution of session-B to the ACV.

Shared-Name: An identifler, the name session-A designated for this shared-variable.
Shared-Value: A token of class\constant or nil; the current value of this shared-variable.

State: An integer, either\zero, one, or two, used in combination with the ACYV to determine which operations must e
delayed.
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5.3.10 Systems

Note: A system represents a 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 workspace-name occurs exactly once.

Active-Users: A list of sessions.

Srjared-Variable-List: A list of shared-variables.
P

lementation-Parameters: The following quantities, referred to in this standard-by n
values are implementation-defined:

ame, whose

Atomic-Vector: An implementation-defined character vector containing'€very memper of the

character-set exactly once.

Initial-Comparison-Tolerance: A member of the internal-value-set-for comparison-t
that is the value of comparison-tolerance in a clear-workspace.

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

plerance

value of

Initial-Latent-Expression: A member of the internal-value-set for latent-expression {hat is the

value of latent-expression in a clear-workspace:

Initial-Print-Precision: A member of the internal-value-set for print-precision that i§ the value

of print-precision in a clear-workspace,

Initial-Random-Link: A member of the internal-value-set for random-link that is the
randome-link in a clear-workspace:

Clear-Workspace-ldentifier: A list of characters.
Positive-Number-Limit: (The number greater-than all other numbers.
Negative-Number-Limit: The number less-than all other numbers.

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

value of

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

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

Kimum value

Count-Limit: An index not greater than index-limit that specifies the maximum value for the

count of an array, ignoring storage limitations.

Rank-Limit: An index not greater than count-limit that specifies the maximum value for the

rank of any array, ignoring storage limitations.

Workspace-Name-Length-Limit: A positive-counting-number that specifies the maximum

number of characters in a workspace-name.

Identifier-Length-Limit: A positive-counting-number not greater than count-limit that specifies

the maximum number of characters in 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.
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Comparison-Tolerance-Limit. The largest number permitted by the implementation for the
system parameter comparison-tolerance .

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

Full-Print-Precision: The smallest positive-counting-number which, when used as the value of
print-precision , causes numeric-output-conversion to produce a unique
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: int-precision-limit must be at least full-print-precision if every unique number is to have a unique decima
represeptation.

Expongnt-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;

Sessign-ldentification-Type: A member of the enumerated set array-typé; either character for
numeric.

User-ldentification-Type: A member of the enumerated set array-type, either character or
nunjeric.

Indent-Prompt: A list of characters used to indicate to theiuser that the session is in
immediate-execution mode.

rompt: A list of characters used to indicate to the user that the session is in quad-input
Functipn-Definition-Prompt: A list of characters used to indicate to the user that the sessign is
mit: A positive-counting-number that specifies the maximum number of lines permitted

defined function, ignoring storage limitations.

Definifion-Line-Limit: A positive-number that specifies the maximum value of a line numbdr in

impjementation-parameter is required only if the optional-facility shared-variable-protocol is
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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 evaluation 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 ana B are vectors; the
“otherwi§e™ clause is evaluated only It at Teast one of A oF B 15 ot 3 Vector.

If | 4 is a vector and B is a vector,

If A isemptyand ...

Oth[rwise, return ...

Expreslsions in APL are used in evaluation sequences. A given evaluation.sequence uses pnly APL
operat{ons that have been specified earlier in the standard. Where indices are generated ¢r used by
APL expressions in evaluation sequences, they are evaluated with origin one. The APL relational
operatfons are never used in evaluation sequences unless they are‘qualified with the valug to be
used for comparison-tolerance .

5.4.1 Evaluation Sequence Phrases

Note: The following phrases are used in evaluation sequences(’They are not set in bold type nor cross-referencefd when
employdd in evaluation sequences.

For all A, C: An evaluation sequence phrase used to specify that the action or condition
specified by the consequent C is to'be performed or checked for every value in the gntecedent
1.

Example:
Forall I inthe index-set of &4,

Set item I of the ravel-list of 4 to zero.
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For form

For pattern

F,C:

F, C:

An evaluation sequence phrase used to specify that the actions listed in the consequent C are

to be performed only if the pattern or form F is the one that caused this evaluation sequence to
be selected.
Example:
Forform A ¢ B
If | Bis a scalar ...
Forform A © B
If..

If A, {: An evaluation sequence phrase used to specify that the actions listed in the
consequent C are to be performed only if the value of the antecedent 4 Cis one.

Iif Tisan|mc, C: For T a token and mc a metaclass, an evaluation sequence phrase equivalent
to "If thg class of T' is in the metaclass mc, C.”

Let A stand for B: An evaluation sequence phrase used to indicate that the name 4 is to be
an abbreviation for the phrase B in subsequent evaluation sequence lines.

Otherwise| C: An evaluation sequence phrase used to indicate that the actions listed in
conseqyent C are to be performed only if the antecedent in the immediately preceding if
phrase yas zero. If a consequent is an indented paragraph, the immediately preceding if
statemept is the one at the same level of indention as the otherwise phrase.

Repeat: An evaluation sequence phrase used(to indicate that the block of text indented after tHe
repeat ig to be executed repeatedly until'a'return or signal phrase is encountered. The end |of
a repealed block is indicated by the parenthetic remark “(End of repeated block).”

Return X: |An evaluation sequence phrase used to specify that evaluation of this evaluation
sequende is to stop and that a token is to be returned to the caller of the evaluation sequente.
If X is a(token, then X is returned; if X is an array, a token of class constant and content X is
returneq.

Set A4t B: An eyaluation sequence phrase used to specify that the referent of 4 is to be
assigned the valueB:

Signal  X: An evaluation sequence phrase used to specify that evaluation of this evaluation
sequende is(to stop and that a token whose class is X, where X is an error, is to be returned,

Using O, T AR evaluation sequence phrase used to indicate that the consequent C is to be
evaluated against the specific object 0. This construct is used, for example, in the description
of shared variables to indicate which shared variable is to be changed.

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

Note: Diagrams are used in this standard to indicate permissible sequences of characters or of tokens.
Character-Diagram: A graph that designates a subset of the set of all lists of characters.
Token-Diagram: A graph that designates a subset of the set of all lists of tokens.

Thread D with A: 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 a list 4.

item in the list, and a diagram-cursor to the arrow-tail ’>>—', in the diagram, the
progressing along paths in the diagram to the arrow-head '—>>’. The diagram-c
advances to the left only through a left rectifier '—<—’.

just passed a right rectifier '—>—' or a left rectifier '—<—’. Otherwise, the.diagram

It advances upward-.only afi

the first

ursor
er it has
cursor

advances only rightward and downward. At a junction, any unlabelled path may be taken only

if all labelled paths have already been tried.

For the diagram-cursor to advance along a path labelled with a‘graphic symbol sug

that graphic symbol must be pointed to by the list-cursor, which then also advance

diagram-cursor to advance along a path labelled with a diagram name, that diagra

th as +,
. For the
must

itself be threaded, using the same list-cursor and a new,/diagram-cursor. If in eithgr 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-c
at the arrow-tail, the diagram cannot be threaded with the list.

If a route is found through a diagram for a given list of characters, it is unique. In
the diagram can be rethreaded, following the same route without entering blind all
example, characters are collected into identifier tokens through actions performed
character-diagram is being rethreaded:

Token-diagrams are threaded exactly like character-diagrams, except that the item
by the list-cursor are tokens and-are matched either by their class or by both their
their content.

Rethread D with 4: An)evaluation sequence phrase used to indicate that the rot
a previous threaded._phrase is to be threaded again, in order to effect certain ac
through when phrases.

When 4, C: An“evaluation sequence phrase used during a rethread phrase to indic
when thehantecedent A is true, the consequent C is to be performed.

A Matches D: An operation that, for diagram D and list 4, is true if 4 is a member
of lists designated by D, and false otherwise.

rsor is now

his case,
pys. For
while a

5 pointed to
class and

te found by
tions

tate that

of the set

A list matches a diagram if it can be threaded in such a way that there are no items

remaining tn the list when the final exit patn Is taken.

Note: The question of whether a list matches a diagram is 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
aigits in a number, for example, the digit diagram removes only one digit at a time from a list of characters.
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5.5 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, pince the result placed in B is the scalar 2; further, since indexed assignment is specified to be atomic;\n
change to A wil occur if the indexed assignment fails with, for example, an index error.
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6 SYNTAX AND EVALUATION

6.1 INTRODUCTION

Note: This chapter specifies the rules for evaluating lines. These ruies 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 d3ata structures and procedures used to describe syntax and evaluation in this standalj:! are

strictly expository devices; they are not intended to represent required or desirable implementation
techniques. The order of reporting errors implied by the diagram-matching actions jn-the model is
not required.

6.1.1 |[Evaluate-Line
Form: | Evaluate-Line
Informjal Description: Evaluate-line is the principal procedure.in the evaluation of APL line

decomposes the list of characters named current-line‘into lexical-units according to th
character-diagram named line.

[

line has been threaded, the rethreading pass.is'used to gather certain character sequences
(dfagrams ending in two asterisks), and either create tokens (diagrams ending in one asterisk) or
discard the character sequences gathered-(diagrams ending in three asterisks).

Sdme diagrams referred to in line have their exit paths flagged with asterisks. Once %he diagram

Evaluate-line calls evaluate-statementto convert the lexical-units into a resuit.

Nate that the result can be a constant (from, for example, 2 +2), committed-value (from 4<1), nil
(e|* '), branch (¢ ' >3 '), escape (*), unwind (), error (2 -), clear-state-indicator (from )SIC ) or
interrupt (from signal-intefrupt).

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

Evalugte-line is called from evaluation sequences in the subsections defined-function-contnol, execute,
immediate-execution, and quad-input. If the optional-facility statement-separator-facility is
implefnented, evaluate-line evaluates successive statements in current-line beginning with the
leftmgst statemént and continuing until evaluation produces an exception or the rightmost|statement
has bg¢enevaluated.
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Evaluation Sequence:

44

Set C to the empty-list of characters.

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

Thread line with current-line; if current-line does not match line, signal syntax-error.
Rethread line with current-line, taking the following actions:

When a character-diagram ending in —% %% >>’ is recognised, set C to the empty-list of

characters.
When a character-diagram ending in —% % >>" is recognised, append to C as a new last item
the i sed: .

When|a character-diagram ending in —%>>’is recognised,

Append to current-statement as a new last item a token with class given by thexnamg of
he character-diagram and with content C.

Set C to the empty-list of characters.

When|the optional-facility statement-separator-facility is implemented and._the
chanacter-diagram statement-separator is recognised,

Set  Z to evaluate-statement.

If| Z is an exception, return Z.

If| Z is a constant, display Z.

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

When| the character-diagram line is matched,

Set  Z to evaluate-statement.
Return Z.
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6.1.2 Character-Diagrams

The diagrams in this subsection hare character-diagrams: the APL Graphic Symbols such as V in
these character-diagrams match corresponding characters in the required-character-set.

Line
) ~N
— identifier —>— — comment —-S—f——>>
‘“— numeric >—
—literal
——<— primitive ——<—
——<— character —0—<—
—literal
——<— space —m<—
<— statement <
—separator
Identifier
> > >—- simple—identifier —mm >
>— distinguished—identifier —> >>
Simplg-ldentifier
D> >—— letter — > %x>>
—<— letter
—<— digit

‘—<— underbar —

Distinguished-ldentifier

> quote—quad —>

—— quad — x>>

<— letter —

<= digit —
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Numeric-Literal

>> > numeric >—
—scalar
—literal
e <— blank —< < x>>
Numeric-Scal3r-Literal
d stands fqr digit.
e stands fgr exponent-marker.
m stands fQr overbar.
p stands fgr dot.
> >—r—m
d 7 >"
— d——p—>7—d—7—>1
e L_.<_
> ———————p—>71—>d > >—
e —e—[m
>:kd—‘
< >>
Example:

T12.34567E7 890

Character-Literal

>> >— quote -— L_ >‘J >— quote —> *>>
<— nonquote —<

< <
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Comment
>> lamp |_ > xX¥%X>>
<— any —
Any
>> quote >—|
nonquote — >>
Primitive
>>— ideogram —%>>
Space
>
blank
%% %> >
Nonqugte
> > ~, ~N
ideogram (digit blank letter lamp
del del—tilde quad quote—quad

diamond

>>
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Statement-Separator

>

diamond
>>
Letter
” |
ABCDEFGHIJKLMNOPQRSTUV.WXY T A
AEQQEEQHI:ZZ{LMNQEQE§ZQZ&/XZZIAI
L] I ]| | | 0 T
Digit

*%>>
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ldeogram

{ )Y F4 3 |

x %> >

Quote Exponent-Marker

>> >

* %> >

* %> >
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Dot Del-Tilde
> >>
. 8y
%*%>> %%>>
Underbar tamp
>> | >
- A
L—* %x>> %%>>
Overbar Quad
> >
N 0
xX%XD>> xX%>>
Blank Quote-Quad
> >
]
%3050 xX%>>
Del Diamond
> >
A4
xX%X>> l——* x>>
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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 6]x3.45E4,p'ABC' ACOMMENT

current-statement looks like this:

Identification Content Class
o1 '4ABC'! simple-identifier
ro2 et primitive
r03 'FN'! simple-identifier
Tou g distinguished-identifier
705 ! primitive
T06 vt primitive
ro7 e numeric-literal
o8 LE R primitive
709 Q! numeric-literal
T10 v]e primitive
711 'DEF! simple-identifier
T12 vt primitive
13 ’ r1 numeric-literal
Ty ts!t primitive
T15 'S5 6! numeric-literal
r1e6 t] primitive
r17 I x! primitive
T18 '3.45Ey! numeric-literal
Tig9 ! primitive
720 ip! primitive
T21 VYABC!''? character-literal

Each token has a content, which is a list of characters,"and a class, which is in the metaclass lexical-unit. The tgkens produced
are numbered TO01 to T21 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, charactef-literals, or
primitives. 1 ABC'A" isaline,\, 1ABC'A" is not. No such separation rule applies to primitive function symbois.
1p YAB"' is a line.

The sequence 3 + . Y 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 a line or alone on a line.

The sfatement:separator-facility is an optional-facility.

Parsing an identifier token signals a limit-error if the number-of-items in the list of characters is
greatgrithan identifier-length-limit.
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6.1.3 Evaluate-Statement )

Evaluate-Statement

Informal Description: Evaluate-statement is performed on current-statement, a list of tokens found in
the current-context.

It uses bind-token-class to convert identifiers to classified-names and constants.
It uses literal-conversion to convert literals to constants.
It uses the token-dlagram named statement to verlfy that the statement is properly formed and to

Evaluate-statement is called by evaluate-line.

Evaluation Sequence:

For every| index I in the index-set of current-statement,

Let |7 stand for item I of current-statement.

If Tlis an identifier, set @ to bind-token-class of 7'
If Tlis a literal, set @ to the literal-conversion of 7.
If Tlis a primitive, set @ to T.

If @ is an exception, return Q.

Otherwise, set T to @.

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 ‘—%>>" is threaded,

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

Append td current-statement as a_new first item a left-end-of-statement token.
Append td current-statement as)a new last item a right-end-of-statement token.

Set Z tp reduce-statement.

If mode |is defined-function and current-line-number is in current-trace-vector, set Z to
trace-display of Z.
Return |Z.

Additional Requirement:

This standard

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 evaluate monadic rho before discovering that plus is used monadically.

Note: The distinction can be observed only through side effects.
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6.1.4 Bind-Token-Class
Bind-Token-Class of 7'

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 (as it would for example in F OEX'F!, assuming F were initially a defined-function), the
change will be detected and reported as a syntax-error in the appropriate phrase-evaluator.

This prebinding limits the standard to defining the meaning of statements only when the syntax

cl i S may, of

copurse, relax these rules. Conforming-programs must abide by them.

Evaluation Sequence:

Let f stand for the content of T'.
If | T is a simple-identifier,

If the current-class of 7' is

defined-function, return a token of class defined-function-name and content f.

niladic-defined-function, return a token of class niladic-defined-function-name |and content
f

nil. or variable, return a token of class variable-name and content f.
shared-variable, return a token of class shared-variable-name and content f.
label, return a token of class constant and content the current-content of 7.

Note:' Other cases cannot occur.
If | T is a distinguished-identifier,

If both forms Z <« fand Z <.f < B occurin the form-table, return a token of ¢lass
system-variable-name and content {.

ifthe form Z <« f occurs-in the form-table, but the form
Z <« f <« B does not, return a token of class niladic-system-function-name and| content f.

If eitherform Z <« #\BorformZ <« A f B occurs in the form-table, return a|token of
class system-function-name with content f.

Otherwise, signal”syntax-error.
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6.1.5 Literal-Conversion
Literal-Conversion of 7.

Informal Description: Literal-conversion converts T, a token of class literal, to a token of class
constant. The content of such a token is converted from a list of characters to an array.

Evaluation Sequence:

If T is a character-literal, generate Z, a character vector such that the ravel-list of Z is the

content ; adjacent quotes in
replacedq by a single quote.

If T is 4 numeric-literal, generate Z, a numeric vector such that the ravel-list of Z is.a\list of
numbers, each of which is obtained by calling the implementation-algorithm
numericrinput-conversion for the corresponding numeric-scalar-literal in the nurneéric-literal.

, return first-scalar in 2.

Note: A quote character is represented in a character-literal by two adjacent quote characters. A single character betij

quotes is a scalaf. All other cases are character vector literals. For example, the character literal ' ' is the empty cha
vector literal and the character literal ' ' ' ! is the character scalar “quote”.

A numeric literal| containing a single number is a scalar. A numeric literal containing.two or more numbers is a vector.
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6.1.6 Statement-Analysis Token-Diagrams

Paths containing ideograms such as @ in these token-diagrams match tokens whose class is primitive
and whose content is the ideogram. Paths containing the word token, such as shared-variable-name
token in operand, match tokens with the given class.

Statement
>>— > branmch—arrow >
>— expression ———>—-|
L‘ >>
Expression
<—operation—< _I <
l——)
> > operand —>»5 >>
Operation
> >— assignment —~——mmm>—
—>— defined—function >—
—name—<token
—>— system—function >—
~name—token
L>~“"derived—function >>
Assignment
> >— variable —>
—name—token
—>— system >—
—variable
—name—token
‘—>— shared
—variable
—name—token ‘—>— index —>——— assignment—arrow —>>
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Derived-Function

>>—[: small—circle ——>:1_
primitive —>—> >— dyadic

>— primitive >
—function —operator —function
—>— monadic —>—
—operator
— >— axis—specification =
Axis-Specification
>>— left > expression > right >>
—axils—bracket —axis—btacket
Operand
>>=71— leflt ————>— expression —>—_ right
—parenthesis : —parenthesis
—— constant—token
—— variable—name—token
—— shared—variable—name—=token >
—— sVstem—variable~name—token
—— nilladic—system—function—name—token —>
—— niladic—defined—function—name—token —
'— index
Index
>>— left —> >—r— expression —>
—index
—bracket
>
<{—— index <— right >>
—separator —index

—bracket
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Primitive-Function

*x>>

Dyadig-Operator

* > 2>

Monadic-Operator

>> I
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Left-Parenthesis Right-Parenthesis
>> >
( )
%x>> x*>>
Left-Axis-Brafket Right-AXis-Bracket
> > ~
C ]
%*¥>> x>>
Branch-Arrow Assignment-Arrow
>> >
> <
*>> %>>
Left-Index-Bracket Right-index-Bracket
>> >
L ]
¥ ‘ x>>
Index-Separator Small-Circle
> >
; o
*>> x>>
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Exampie

From the list of characters in current-line,

ABC<«FN 0¢[1+0] DEF[1;5 61x3.u45FEu4,p'4ABC' ACOMMENT

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

. ldentification Content Class
66 left-end-of-statement———
T01 'ABC! variable-name
02 assignment-arrow
T03 'FN! defined-function-name
Tou g system-variable-name
T05 o primitive-function
T06 left-axis-bracket
To7 1 constant
08 14! primitive-function
049 0 constant
T10 right-axis-bracket
Tr11 'DEF! variable-name
T12 left-index=bracket
Tr13 1 constant
T1y . index-separator
T15 5 6 constant
716 right-index-bracket
r17 tx! primitive-function
ris 34500 constant
T19 ! primitive-function
T20 'p! primitive-function
r21 'ABC! constant
r22 right-end-of-statement

[he new list, shown above, begins with a léft-end-of-statement token and ends with a right-end-of-statement token. Old
identifier tokens have a new class and the same content ; old literal tokens are now constants whose cgntent is an
hppropriate array; old primitive tokens. are now either primitive-functions whose content is the character identifying the
brimitive function, or are grouping\signs such as right-axis-bracket with no specified content.
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6.2 REDUCE-STATEMENT
Reduce-Statement

Informal Description: Reduce-statement converts current-statement, a list of syntactic-units, to a resulit
by decomposing it into shorter lists of syntactic-units called phrases, then calling procedures
termed phrase-evaluators to convert these phrases into tokens.

The letters  Z, K, and J in this evaluation sequence refer to the graphic symbols found in the
resultant-prefix column of Table 3.

Evaluation juence:
Set current-stack to the empty-list of tokens.

Repeat:

Find the first entry in the phrase-table whose pattern matches a prefix of current-stack.
If therle is no matching entry,

If | current-statement is empty, signal syntax-error.
Otherwise,

Remove the last token from current-statement.
Append it to current-stack as a new first item.

If thene is a 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 s stand for the phrase-evaluator of the entry.

Call s and set y to the token it returns.

If| s is process-end-of-statement, return'y.
If|y is an exception, return y.

Otherwise, replace p with r in which y has been substituted for Z, K or J according to
whether y is a result, a complete-index-list or a partial-index-list.

{End of repeated block)
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Table 3 — The Phrase Table

Pattern Phrase Evaluator Resuitant-Prefix
( B) Remove-Parentheses z
N Evaluate-Niladic-Function Z
X F B Evaluate-Monadic-Function X Z
XF [LCIJ1B Evaluate-Monadic-Function X Z
X ENDBD Evaluate-Monadic-Operator X Z
XIFML[LCI1B Evaluate-Monadic-Operator X Z
A|F B Evaluate-Dyadic-Function A
AlF [ C B Evaluate-Dyadic-Function Z
AlF D GB Evaluate-Dyadic-Operator Z
Ale D G B Evaluate-Dyadic-Operator Z
All K ] Evaluate-Indexed-Reference Z
VI[L K1 «B Evaluate-Indexed-Assignment Z
Vi<« B Evaluate-Assignment Z
1’4 Evaluate-Variable Z
] Build-index-List J 1]
s| L Build-Index-List J
s|B T Build-index-List J
C| I Build-Index-List [ K
(|B I Build-Index-List [ K
LR Process-End-of-Statement -
LB R Process-End-of-Statement -
L|»- B R Process-End-of-Statement
Ll> R Process-End-of-Statement
Legend:
4 ,H,Z match resuit. X matches assignment-arrow,
D mptches dyadic-operator. branch-arrow, defined-function-name,
F, @ match defined-function-name, index-separator, left-axis-bracket, j
primitive-function, or left-end-of-statement, left-index-bracKet,
system-function-name. left-parenthesis, primitive-function,
I, match partial-indexsjist. system-function-name, or
C , § match complete-index-list. right-axis-bracket.
L mptches left-end-of-Statement. ( matches left-parenthesis.
M mptches monadic-operator. ) matches right-parenthesis.
N mptches niladic-defined-function-name [ matches left-axis-bracket or
or [niladic-system-function-name. left-index-bracket.
R mptches right-end-of-statement. ] matches right-axis-bracket or
V mptches variable-name, right-index-bracket.
system-variable-name, or matches small-circle.
sh i matches index-separator |

matches assignment-arrow.
matches branch-arrow.

¢ 4490 0

The graphic symbols in the Pattern and Resultant-Prefix columns of Table 3 designate lists of
syntactic-units. Each graphic symbol matches tokens of the designated classes or metaclasses.

Note: The graphic symbols employed are chosen to be suggestive of the list of characters that give rise to such phrases.
The build-index-list entries are called with B bound to a value and I bound to an partial-index-list ; they return either another

partial-index-list (J) or a complete-index-list (K). Brackets are not passed as arguments or returned by build-index-list ; they
are preserved by reduce-statement to make the patterns more obvious.
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Example

This example is continued from evaluate-statement.

The line being evaluated is

ABC < FN
YO
T TT
0 00
1 23

0¢é¢C1+01DEF[C13; 56 1 x 34500 , p 'ABC!
+ 4 A 4 A 4 4 4 > 4+ 4 4 r> 4 4 + 4+ 4
TTTTTTTT TTTT TTT TTT
0000O0O0T11 1111 111 12 2
4567 89 01 2 345 6 7 8 9 01

T00 is ieft-end

The tokens T'0
of the pattern orj

Consider step 5:
because , is aj

because ' AB(

concerned with

tof-statement, and T'2 2 is right-end-of-statement.

) through T'2 2 initially form the columns of Figure 1. The rows of the figure show the actions-taken be
lack of pattern in current-stack.

the line fragment ,p ' ABC' matches the phrase X F B as follows: X matches token T'19
primitive-function.  F matches token T'2 0 because p is a primitive-function. B (matches token T'2 1

! is a constant. Token T'2 2, right-end-of-statement, is not considered because the pattern X F B is
pnly the first three tokens in current-stack.

primitive functiop, searches the form-table for 7 < p B, and calls the corresponding évaluation sequence, shape. S

The phrase-evaEJator associated with X F B is evaluate-monadic-function. This phrase-evaluator, seeing that p is a

returns a constant, the one-element-vector containing three.

This becomes Z
(constant; ,3

in the resultant-prefix column for X F B. Current-stack now, holds three tokens: (primitive-function; |

and (right-end-of-statement ; ). Since no entry in the phrasé=table has an entry whose pattern matchesar
ches

prefix of currenti{stack, the token 71 8 (constant ; 34 500) is added to eurrent-stack. A prefix of current-stack now m

a pattern (A F
phrase-evaluato

B matches (constant; 34 500), (primitive-function’; ), (constant; , 3)), so the corresponding
(evaluate-dyadic-function) is called.

tause

hape

)
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1 GET NEXT TOKEN T22 Q)
2 GET NEXT TOKEN T21 (R)
3 GET NEXT TOKEN T20 (B R)
U4 GET NEXT TOKEN T19 (F B R)
5 EVALUATE MONADIC FUNCTION (<X F B>R)
6 GET NEXT TOKEN T18 (<X 2> R)
7 EVALUATE DYADIC FUNCTION (<4 F B> R)
8 GET_NEXT TOKEN T17 (z R)
9 GEY NEXT TOKEN T16 (F B R)
10 BUYLD INDEX LIST (<1>F B R0
11 GET NEXT TOKEN T15 (J 1 FB R)
12 GET NEXT TOKEN T1u (BIJ]FGB R)
13 BUJLD INDEX LIST (<; B I>] F B R)
14 GEY NEXT TOKEN T13 (7 1 FB R)
15 GEY NEXT TOKEN T12 (B I ] FB R)
16 BUJLD INDEX LIST (<C B I> ] F\B R)
17 GE[" NEXT TOKEN T11 (C K 1CF B R)
18 EVALUATE VARIABLE (<V>[ K 1] F B R)
19 EVALUATE INDEXED REFERENCE (<4 [ K 1>F B R)
20 EVALUATE DYADIC FUNCTION (<4 F B> R)
21 GEI NEXT TOKEN T10 (Z R)
22 BU[ILD INDEX LIST (<1>B R)
23 GEI NEXT TOKEN TO09 (I 1 B R)
24 GEI' NEXT TOKEN TO08 (B I 1B R)
25 GE[l NEXT TOKEN To7 (F B I 1 B R)
26 EVALUATE DYADIC (<4 F B>I 1HB FUNCTION R)
27 GEI' NEXT (z LT B TOKEN TO06 R)
28 BU[LD INDEX (<L B 7>] B LIST R)
29 GE[l NEXT (L c 1B TOKEN TO5 R)
30 GE[ NEXT (FLC 1B TOKEN TOu R)
31 EVALUATE (<V>F [(C 1B VARIABLE R)
32 EVALUATE (<4 F C,C 1l B> DYADIC FUNCTION R)
33 GE[ NEXT (z TOKEN TO03 R)
34 (F B GET NEXT TOKEN TO02 R)
35 (<X EB> EVALUATE MONADIC FUNCTION R)
36 (X2 GET NEXT TOKEN TO1 R)
37 (<V % B> EVALUATE ASSIGNMENT R)
38 Z GET NEXT TOKEN TO0O R)
39 x | (<L B END OF STATEMENT R>)

Figure 1 — Statement Evaluation

Extent of current-stack shown by ( and ). Prefix (when matched) shown by < and >.

6.3 THE PHRASE EVALUATORS

Informal Description: Each phrase-evaluator takes a phrase and reduces it to a single token. The
form-table used by the phrase-evaluators is given as Table 4.
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6.3.1 Diagrams

Primitive-Monadic-Scalar-Function

~ o0 x [ L

Primitive-Dyadic-Scalar-Function

L

>>

>>
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6.3.2 Remove-Parentheses
Pattern ( B )
Evaluation Sequence:

If B is nil, signal value-error.

If B is a branch, signal value-error.
Otherwise, return B.

Note: (@77 )ang (@ 7>3 7 ) rail with a value-error. (A<3)and (@"4<«3 " ) donot display,-sipce the token
returnedl by remove-parentheses is a committed-value, not a constant ; for the same reason, (D<—3 ) displays [the value three
only onge. ('>3 ) fails with a syntax-error in evaluate-statement.

(=) dso fails in evaluate-statement, but (@ '>"' ) succeeds; evaluate-statement threads line_ Stccessfully, #nd
removeiparentheses receives and returns an escape token.

6.3.3 |Evaluate-Niladic-Function

Pattern N
Evalugdtion Sequence:

Lgt n stand for the content of N.
If| N is a niladic-defined-function-name,

If the current-class of N is niladic-defined-function,

Search the form-table for Z.:..< DFN.

Call the corresponding evaluation sequence, passing n as the value of DFN.
Return the token it returns.

Otherwise, signal syntax-error.
If| N is a niladic-system-function-name,

Search the form-table for Z < n.

If it is not found, signal syntax-error.

Otherwisei-call the corresponding evaluation sequence.
Returni\the token it returns.

Note: This phrase evaluator checks for a change in syntax class.
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6.3.4 Evaluate-Monadic-Function

Pattern X

Pattern X

F B
F[C] B

Evaluation Sequence:

66

If B is not a value, signal value-error.

Let f stangdforthe content of F.
For patterh X F B

If F i a defined-function-name,

If

Otherwise, signal syntax-error.

If F i$ a primitive-function or a system-function-name,

If

Otherwise,

the current-class of F is defined-function,

Search the form-table for Z « DFN B.

Call the corresponding evaluation sequence, passing f as the'value of DFN.
Return the token it returns.

F matches primitive-monadic-scalar-function‘and B is not a scalar, perform
monadic-scalar-extension as follows:

Return a numeric array Z such that‘the shape-list of Z is the shape-list of B and
all I in the index-set of the ravel:list of Z, item I of the ravel-list of Z is f (item I
the ravel-list of B).

Search the form-tablefor Z <« f B.

If it is not found, signal syntax-error.

Otherwise, call th€)corresponding evaluation sequence.
Return the token'it returns.

for
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For pattern X F[C] B

If F is not a primitive-function, signal syntax-error.

If index-origin is nil, signal implicit-error.

Let (1 stand for the first-item in the index-list C.

If C1 is not a scalar or one-element-vector, signal axis-error.

If any item of the ravel-list of C1 is not a number, signal axis-error.
Set K to C1 plus (one minus index-origin ).

Search the form-table for Z <f[K] B.

If it is not found, signal syntax-error.

Additic

The or|
specifi

If any

evaluate-monadic-function.

Note: T|

Otherwise, call the corresponding evaluation sequence and return the token it retu
nal Requirements:

Her in which the individual items of Z are produced during monadic-scalar-extension
ed by this standard.

tall of f signals an error during monadic-scalar-extension, that error.is returned as tf

his phrase evaluator checks for a change in syntax class.

ns.

is not

e result of
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6.3.5 Evaluate-Monadic-Operator

Pattern X F M B
Pattern X F M[C] B
Evaluation Sequence:
If B is not a value, signal value-error.

68

Let m stand-for-the-econtentof}-

hd for the content of F.

y .
P

n
" D

Ny

v
N

s not a primitive-function, signal syntax-error.
'wise,

Iflit is not found, signal syntax-error.

For patte

If F

If index-origin is nil, signal implicit-error.

Let

If (@1 is not a scalar or one-element-vector,-signal axis-error.
If any item of the ravel-list of C1 is not a:number, axis-error.

Set
Sear

If it i3 not found, signal syntax-error.
'wise, call the corresponding evaluation sequence, passing token F as the value of f

Othe
Retu

earch the form-table for Z «fm B.

therwise, call the corresponding evaluation sequence, passing token F as the value
eturn the token it returns.

n X F M[C] B
s not a primitive-function, signal syntax-error.

C1 stand for the first-item in the index-list .

K to C1 plus (one minus index-origin ).
ch the form-table for Z <« fm[X] B.

'n the token it returns.

of f.
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6.3.6 Evaluate-Dyadic-Function
Pattern A F B
Pattern A4 F[C] B
Evaluation Sequence:
If 4 is not a value, signal value-error.

If B is not a value, signal value-error.
Let f stand for the content of .

For pattern 4 F B
If F is a defined-function-name,
If the current-class of F is defined-function,

Search the form-tablefor Z <« 4 DFN B.

Call the corresponding evaluation sequence, passing f'as the value of DFN.
Return the token it returns.

Otherwise, signal syntax-error.
If F is a primitive-function or a system-function“name,

If F matches primitive-dyadic-scalar-function and 4 and B are not both scalars, perform
dyadic-scalar-extension as follows: :

If the rank of 4 differs from, the rank of B,

If A is a scalar or one-element-vector and B is not a scalar, return ((pB)pd)
f B.

If B is a scalar or one-element-vector, return 4 f (p4 )pB.
Otherwise,-signal rank-error.

If the shape-list of 4 differs from the shape-list of B, signal length-error.

Return~\Z, an array such that the shape-list of Z is the same as the shape-list of 4,
thectype of Z is numeric, and the ravel-list of Z is such that, for all I in the index-set
of.the ravel-list of Z, item I of the ravel-list of Z is (item I of the ravel-list of 4) f
(item I of the ravel-list of B).

Otherwise, search the form-tablefor Z <« A f B.
If it is not found, signal syntax-error.
Call 1t . ) | ref he tal .

For pattern A4 F[C] B

If F is not a primitive-function, signal syntax-error.

If index-origin is nil, signal implicit-error.

Let (C1 stand for the first-item in the index-list C.

If C1 is not a scalar or one-element-vector, signal axis-error.

If any item of the ravel-list of C1 is not a number, signal axis-error.
Set K to C1 plus (one minus index-origin ).

Search the form-table for Z <« A4 f[K] B.

If it is not found, signal syntax-error.

Otherwise, call the corresponding evaluation sequence, passing token F as the value of f.
Return the token it returns.
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Additional Requirements:

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

The order in which the individual items of Z are produced during dyadic-scalar-extension is not
specified by this standard.

If any call of f signals an error during dyadic-scalar-extension, that error is returned as the result of
evaluate-dyadic-function. ’

Note: Dyadic-scalar-extension is intentionally stricter than it is in existing systems. For example, ( 1 ip1 )+ 13 signdls a
rank-error and 2 + ,1 signals a length-error.

This phrase evalyator checks for a change in syntax class.
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6.3.7 Evaluate-Dyadic-Operator
Pattern A F D G B
Pattern A4 o D G B
Evaluation Sequence:
If A4 is not a value, signal value-error.

If B is not a value, signal value-error.
Lel d stand for the content of D.

For pattern A F D G B

If F or G is not a primitive-function, signal syntax-error.
Otherwise,

Search the form-tablefor Z <« Afdg B.

If it is not found, signal syntax-error.

If it is found, call the corresponding evaluation sequencepassing token f as the value of
F and token g as the value of G.

Return the token it returns.

Fogrpattern 4 o D G B

If G is not a primitive-function, signal syntax-error.
Otherwise,

Search the form-tablefor Z <« 4 °dg B.

If it is not found, signal syntax-error.

If it is found, call the corresponding evaluation sequence, passing token g as the value of
G.

Return the token it returns:
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6.3.8 Evaluate-Indexed-Reference

Pattern A[KX]

Evaluation Sequence:

If A is not a value, signal value-error.
If index-origin is nil, signal implicit-error.

If the number-of-items in the index-list K differs from the rank of 4, signal rank-error.

If the rank of 4 is greater-than one,

Search the form-table for Z <« A[I].

Call the corresponding evaluation sequence, passing X as the value of I.
Returp the token it returns.

Otherwise,

If first-item in X is an elided-index-marker, return 4.
Otherwise,

S¢t X to first-item in the index-list K.

Iflany item of the ravel-list of X is not a near-integer, - sSignal domain-error.

Generate X1, a numeric array with the shape-list of X such that each item.of the
avel-list of X1 is (one minus index-origin ) plus<the integer-nearest-to  X.

Iflany item of the ravel-list of X1 is not in the index-set of A, signal index-error.

Return  Z, an array with the type of 4 and the shape-list of X1, such that for each

nteger I in the index-set of Z, item Z-of the ravel-list of Z is item ¢/ of the ravel-ligt of

4. where J is item I of the ravel-list of X1.

Note: Since an index-list will never have zero items, indexing will always signal a rank-error when argument A is a scalar.
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6.3.9 Evaluate-Assignment

Pattern V <« B

Evaluation Sequence:

If B is not a value, signal value-error.
If V is a shared-variable-name,

If the current-class of V is shared-variable,

Search the form-table for Z « SHV <« B.
Call the corresponding evaluation sequence, passing token U as the malue ¢of SHV.
Return the token it returns.

Otherwise, signal syntax-error.

If |V is a system-variable-name,

Search the form-table for Z <« q < B, where q is the content of V.

If it is not found, signal syntax-error.

Otherwise,

Call the corresponding evaluation sequence
Return the token it returns

If |V is a variable-name,
If the current-class of I/ is nil or variable,

Set the current-referent of V. to;a token whose class is variable and whose coptent is the
content of B.
Return a token whose class is committed-value and whose content is B.

Otherwise, signal syntax-error.

Note: The phrase ABC <@ ' >3 ')yields value-error.

The phiase V<[SVR 'V “where V was a shared-variable yields syntax-error.
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6.3.10 Evaluate-Indexed-Assignment
Pattern VI[K] <« B

Evaluation Sequence:

If B is not a value, signal value-error.
If VU is a shared-variable-name,
If the| current-class of V is shared-variable,
Search the form-table for Z « SHV[I] <« B.
Qall the corresponding evaluation sequence, passing token V as the value®{-SHV, and K
as the value of I.
Return the token it returns.
Othefwise, signal syntax-error.
If V is|a system-variable-name,
Searph the form-table for Z < q[I] <« B, where q is the content of V.
If it i$ not found, signal syntax-error.
. Othefwise,
CGall the corresponding evaluation sequence, passing K as the value of I,
Return the token it returns.
If V is|a variable-name,
If the current-class of V is nil, signal value-error.
If theg current-class of V is a variable;
Search the form-table for 2 v« V[I] <« B.
CGall the corresponding evaluation sequence, passing K as the value of I.
Return the token it returns.
Otherwise, signal syntax-error.
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6.3.11 Evaluate-Variable
Pattern V

Evaluation Sequence:
If VUV is a shared-variable-name,

if the current-class of V is shared-variable,

Search the form-table for Z <« SHV.
Call the corresponding evaluation sequence, passing token V as the valueCof*$HV.

Return the token it returns.
Otherwise, signal syntax-error.
If] V is a system-variable-name,
Search the form-table for Z < q, where q is the content of IZ.
Call the corresponding evaluation sequence.
Return the token it returns.
If| V is a variable-name,
If the current-class of I is nil, signal value-erro¢’

If the current-class of V/ is variable, return the_current-content of V.
Otherwise, signal syntax-error.
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6.3.12 Build-Index-List i

Pattern ]
Pattern
Pattern
Pattern [
Pattern [

~N

N W

J>1

L

Evaluation S¢quence:

For patte

sl

For pattepn

Retu

n

For pattern

Retu
and

N

J, a partial-index-list with content Z, an index-list such'that the first-item in Z i$ an
elided-index-marker and the rest-of Z is I.

s B I

J, a partial-index-list with content Z, an index-list such that the first-item in Z is

the rest-of Z is 7.

For pattern

Retu

Retu

n

an I
For pattern

n

LI

J, a complete-index-list with content Z, an index-list such that the first-item in

lided-index-marker and the rest-of-Z is I. ‘

(L BI

J, a complete-index-list with content Z, an index-list such that the first-item in

B and the rest-of Z is I
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6.3.13 Process-End-of-Statement
Pattern L R

Pattern L A R

Pattern L > R

Pattern >L > 4 R

1SO 8485 : 1989

Evalupfion Sequence:

For pattern L R

Return a token whose class is nil.

-n

br pattern L A R

Return A.

-n

pr pattern L > R

Return a token whose class is escape.

-mn

br pattern L > 4 R

_If the rank of 4 is greater-than one, signal.rank-error.
If A is empty, return a token whose class is nil.
Otherwise, set 41 to the first-scalar in 4.

If A1 is not a near-integer, signal domain-error.

the integer-nearest-to A1.

Return a token whose class is branch and whose content is the numeric-scalar with value

6. Syntax and Evaluation
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6.4 THE FORM TABLE

The form-table is the list of all 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.

A given ideogram, such as @, matches a primitive-function token that contains it.

A given
system-function-name token that contains it.

The behaviour of operations in the form-table that do not create new contexts is atomic.

This behavioyr is observable only for those operations that have side-effects. For example, if any|of
the elements|of an argument array is not in the domain of roll, the value of the system parameter]
random-link fpllowing execution will be as it was when roll was called.
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Table 4 — The Form Table
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Form Operation Name Page
Z « + B Conjugate 84
Z « - B Negative 84
Z <« x B Signum 85
Z <« + B Reciprocal 85
Z 41T B Floor 86
Z 4 T B Ceiling 86
Z ¢« *x B Exponential 87
Z 4 ® B Natural Logarithm 87
Z 9 | B Magnitude 88
Z ¢4 ! B Factorial 88
Z ¢4 o B Pi times 89
Z ¢ ~ B Not 89
Z €4 4 + B Plus 91
Z A4 - B Minus 91
Z A x B Times g2
y/ 4 + B Divide 92
Z ATl B Maximum 93
Z AL B Minimum a3
Z 4 x B Power 94
Z A ® B Logarithm 94
Z A | B Residue a5
Z 4 ' B Binomial 96
Z 4 o B Circular_Functions 97
Z A A B And ag
Z A v B Or 99
YA A ~ B Nand 100
Z 4 ~ B Nor 100
VA A = B Equal 101
VA 4 < B Less than 103
Z A < B Less than or equal to 103
Z 4 =2 B Not equal 104
VA 4 > B Greater than or equal to 104
Z A > B Greater than 105
A , B Ravel 107
VA p B Shape 108
Z w B Index Generator 109
VA A 'p B Reshape 110
Z <« 4, B Join 111
Z <« f/ B Reduction 114
Z <« f/[K] B Reduction 114
Z <« £ B Reduction 114
Z <« fA[K] B Reduction 114
Z <« f\ B Scan 116
Z <« f\[K] B Scan 116
Z <« fx B Scan 116
Z <« f\N[K] B Scan 116
Z « A4 o ., fB Outer Product 117
Z « Af.g8B Inner Product 118
Z « ? B Roll 119
Z <« A B Grade Up 121
Z « VB Grade Down 122
Z « ¢ B Reverse 123
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Table 4 — The Form Table (continued)

80 APL Standard

Form Operation Name

Z « B Reverse

Z « ¢[K]1 B Reverse

Z « o[K] B Reverse

Z « 8§ B Monadic Transpose
Z « Matrix-lnverse

Z <« Execute

Z <« ,[LK] B Join Along an Axis
Z « 1 B Index of

Z <« € B Member of

Z « ? B Deal

Z <« / B Compress

Z « # B Compress

Z < /CK] B Compress

Z « #[K] B Compress

Z < \ B Expand

Z « X\ B Expand

Z « \[KX] B Expand

Z <« \[K] B Expand

Z < ¢ B Rotate

Z < e B Rotate

Z <« ¢CK] B Rotate

Z <« o[K] B Rotate

Z « 1 B Base Value

Z < T B Represéntation

Z <« ] B Dyadic Transpose
Z <« 4 B Take

Z « v B Drop -

Z <« g B Matrix Divide

Z « |A(I] Indexed Reference
Z « |V[I] <« B Indexed Assignment
Z <« 0TS Time Stamp

Z <« DAV Atomic Vector

Z « [QdLC Line Counter

Z <« [ODL B Delay

Z « [ONC B Name Class

Z <« [OEXB Expunge

Z <« [ONL.'B Name List

Z <« [O8TOQP B Query Stop

Z « 0OTRACFE B Query Trace

Z « A ONL B Name List

Z « A 0OSTOP B Set Stop

Z <« A OTRACE B Set Trace

Z <« OCT <« B Comparison Tolerance
Z <« 0Ocr Comparison Tolerance
Z « ORL <« B Random Link

Z <« 0ORL Random Link

Z « OPP <« B Print Precision

Z <« 0OPP Print Precision

Z « 0I0 « B Index Origin

Z <« 0I0 Index Origin

Z « OLX « B Latent Expression
Z <« 0OLX Latent Expression
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Table 4 — The Form Table (continued)

Form Operation Name Page
Z <« OLX[I] <« B Latent Expression 166
Z <« DFN Call-Defined-Function 174
Z <« DFN B Call-Defined-Function 174
Z « 4 DFN B Call-Defined-Function 174
Z g 0FX B Function Fix 76
7Z « OCR B Character Representation 77
Z <« SHV Shared Variable Reference 189
7 <« SHV <« B Shared Variable Assignment 189
Z € SHV[I] <« B Shared Variable Indexed 190
Assignment
Z « OSVC B Shared Variable Access 191
Control Inquiry
Z 4 0Sve B . Shared Variable Query 192
Z « OSVO B Shared Variable Degree of 193
Coupling
Z 9 4 0OSsvo B Shared Variable Offer 194
Z 4 OSVR B Shared Variable Retraction, 195
Z 9 4 OSvec B Shared Variable Access 196
Control Set
72 4 ® B Monadic Format 203
Z 4 4 & B Dyadic Format 006
Z ¢ 0 Quad Input 213
Z ¢ [ Quote Quad Input 214
7 40 <«B Quad Output 4 ' R14
Z ¢ [N « B Quote Quad Output 215
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7 SCALAR FUNCTIONS

Note: The primitive functions described in this chapter are cailed scalar-functions. All scalar-functions have uniform behaviour
with respect to the structure of their argument arrays. The shape of the resuit 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
description by the expository device of an implicit operator, called the scalar-extension-operator.

this informal

If the argument to a monadic scalar function is not a scalar, a monadic scalar _function exten;ion operator can be thought of as

argumept array, producing a resuit array of the sa;ne shape as the argument. The order in which the elements

of the
df the argument

. array ale presented to the monadic scalar function is not specified by this standard. Monadic scalar functions-peyer signal

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 scalars to the scalar function,as follows:

The dy3dic scalar extension operator first tests whether the two argument arrays have the same 'shape. Arguments to a dyadic

scalar
argum

t of lesser rank is reshaped to the shape of the argument of greater rank.

nction must have the same shape. If they do not, and the argument of lesser rank is'a scalar or one-element vector, the

If the afguments cannot be made to have the same shape, the dyadic scalar extension-operator signais a rank-erfor if the

argumdnts are of different ranks and a length-error otherwise.

When the dyadic scalar extension operator succeeds, it produces a derived function which generates a scalar for|each position
in its resuit array by applying the subject scalar-function to pairs of scalars selécted from corresponding positiong in the
argumdnt arrays. The order in which the elements of the resuit array are produced is not specified by this standard.

Becausp the derived function produced by either scalar extension operator never calls its scalar-function argument for empty

arrays,|domain-error can never be signailed for empty array arguments’or for arrays reshaped by scalar extensi

qn to empty.

The tyde of all empty resuits produced by the functions derived.from monadic and dyadic scalar extension is a pfoperty of the
functiof argument to scalar extension. Since all scalar functions specified in this standard produce numeric resuits, the type of

all empgty results produced by scalar extension is specified as numeric.

Forexample, ' 'AS and -'"' return empty numeric resuits rather than signalling an error.
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7.1 MONADIC SCALAR FUNCTIONS

Note: The definitions in this section cover only scalar arguments. The phrase-evaluator evaluate-monadic-function handles
non-scalar cases.

Note that, in this

All scalar-functions yield scalar results when applied to scalar arguments.

standard, roll is not a scalar-function.

7.1.1 Conjugate

Z €« +

Informal Desg¢ription:

Evaluation S
If
Return

Example:

4

3 40

Note: This opera

7.1.2 Negat
Z <«

Informal Desc
Evaluation Se

If Bis

Example:

84

Z is B.

uence:

B is not a number, signal domain-error.

B.

3
0.5

"4 0 0.5

tion is named “conjugate” in accordance with its intended use‘in complex arithmetic.

ve
B
ription: Z is the negation of B.

Qquence:

t a number, signal-domain-error.

10
Return zero minus B.
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7.1.3 Signum
Z « x B

Informal Description: Z is ~— 1, 0, or 1, according to whether B is negative, zero, or positive,
respectively.

Evaluation Sequence:

If B is not a number, signal domain-error.
If[ B is zero, return zero.

If| B is greater-than zero, return one.

If| B is less-than zero, return negative-one.

Example:

x 1 7,5 .33 0 "1E20

7.1.4| Reciprocal
Z|l « ¢+ B
Informal Description: Z is 1+B.

Evaluption Sequence:

Iff B is not a number, signal domain-error.
If| B is zero, signal domain-error.
Return one divided-by B.

Examples:

2 7,255 1 2 "y
"4 2 1 0.5 _~0.25
:0
dorhain-error.
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7.1.5 Floor
Z « L B

Informal Description: Z is the greatest integer tolerantly less than or equal to B. Uses
comparison-tolerance .

Evaluation Sequence:

If comparison-tolerance is nil, signal implicit-error.

If B is jota number, signal domain-error.
Return the tolerant-floor of B within comparison-tolerance .

Example:
In the folloying, comparison-tolerance is 1E~ 10.

f “3.1416 3.1416 .99999999999 5E20 ~0.5E” 10
4 3 1|5E20 O

7.1.6 Ceiling

Z « [ B

Informal Description: Z is the least integer tolerantly_greater than or equal to B. Uses
comparispn-tolerance .

Evaluation S¢quence:
If comparison-tolerance is nil, signal implicit-error.

If B is hot a number, signal domain-error.
Return [-L-B.

Example:
In the following, comparison-tolerance is 1E~ 10.

~3.1416 3.1416 5.00000000001
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7.1.7 Exponential

Z « % B

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

Evaluation Sequence:

If B is not a number, signal domain-error.
Return the exponential of B.

Examples:

*x "1E50 "2 "1 0 1 2

0 0.135335 0.367879 1 2.71828 7.38906
* .6931u47

2

7.1.8 Natural Logarithm
Z «|® B

Informal [Description:  Z is the natural logarithm of B,

Evaluation Sequence:

If B is not a positive-number, signal domain-error.
Retufn the natural-logarithm of B.

Examples:

® 2.718281828%53045 2 1E 50 1ES50
1 0J693147 ~115.,129 115.129

®*x1
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7.1.9 Magnitude
Z <« | B

Informal Description: Z is the absolute value of B.

Evaluation Sequence:

If B is not a number, signal domain-error.
Return the absolute-value of B.

Example:

1 70.5 0.33 70.25 0 1E"20
1 0.5 (0.33 0.25 0 1E720

7.1.10 Factorial
Z « !B

Informal Desgription: Z is the gamma-function of B+1. If B is<a‘nonnegative-integer, this is
factorial B.

Evaluation S¢quence:

If B is pot a number, signal domain-error.

If B is p negative-integer, signal domain-error.
Set B1J to B plus one.

Return gamma-function of B1.

Examples:

01234 567 838
112 24 120 7205040 40320 362880

.5
1.7724
1 pnW - 1.502 1.503 1.504 1.505 1.506
T3.5uu4p1
T3.5u466
T3.5u446L
T3.54466
T3.5u4yu7

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 Pi times
Z « oB

Informal Description: Z is n times B.

Evaluation Sequence:

If B is not a number, signal domain-error.
Return pi-times B.

Example:

o 1 10 100
14159 31.4159 314,159

w
)

7.1.12| Not
Z|l« ~B

Informpl Description: Z is the Boolean complement of B!

Evaluation Sequence:

If | B is not near-Boolean, signal domain-error:

If the integer-nearest-to B is one, return zero.
Otherwise, return one.

ExampIe:

For fhe following, the impleméntation-parameter integer-tolerance is 1~ 10.

~ 0 1 1E711 .99999993999993
1 p1o
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7.2 DYADIC SCALAR FUNCTIONS

Note: The definitions in this section cover only scalar arguments. The phrase-evaluator evaluate-dyadic-function handles

Anlar amane ANy o
a

fion-scaiar cases. Aii scaiar-functions yieid scaiar resuits when appiied to scaiar 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

eac S, QiLNoJdgn NOL 30 COMpPaclly, 2y Sd

argument one at a time, starting from the leftmost, as left arguments to the scalar function.

For example,

G—3o=0—32
100
010
is equivalent to
Q=012
100
1 =012
010

90 APL Standard


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

7.2.1 Plus
Z « A + B
Informal Description: Z is 4 plus B.

Evaluation Sequence:

If either of A or B is not a number, signal domain-error.

Return A plus B.

1ISO 8485 : 1989 (E)

Example:

7.2.2 |Minus

Z|« 4 - B
Informal Description: Z is 4 minus B.
EvalurI

tion Sequence:

|
Return 4 minus B.

-

Example:
2 "1 04 .- T2 7101
071 T2 73
11 0 71 72
211 0 71
31 2 1-\0

either of A4 or B is not a number, signal domain-error.
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7.2.3 Times

Z « 4 x B

Informal Description: Z is 4 times B.

Evaluation Sequence:

If either of

Return 4

4 or B is not a number, signal domain-error.
times B.

Example:

NON F
RORN
[cNeoReoNe)

7.2.4 Divide
Z <« A

Informal Desc

+ B

ription: Z is 4 divided by B.

Evaluation Se

If either o
If Bis
If Bis
Otherwise

Example:

FWNRPLO
NRRPROO

uence:

4 or B is not a number, signal . domain-error.
ro and A is not zero, signal domain-error.
ro and 4 is zero, return one,
, return A divided-by B.

1 234 00312 31U
0
.333333V0.25
.666666 0.5
; 0.75
33333 1

32 APL Standard.
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7.2.5 Maximum
Z « 4T B

Informal Description: Z is the larger of 4 and B.

Evaluation Sequence:

If either of A or B is not a number, signal domain-error.

If A is greater-than B, return 4.

1SO 8485 : 1989 (E)

Otfherwise, return B.

Example:

O N

7.2.6 [Minimum

Z|l« 4 L B

InforrIal Description: Z is the smaller of A and B.

Evaluation Sequence:

If either of 4 or B is not a number, signal domain-error.

If| A is greater-than B, returmB.
Otherwise, return 4.

Example:

AL DDA A
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7.2.7 Power

Z « A4 x B

Informal Description: Z is 4 raised to the Bth power.

Evaluation Sequence:

If either of A or B is not a number, signal domain-error.

If A is a negative-number and B is not an integer, signal domain-error.
ro and B is a negative-number, signal domain-error.

If A4is
If 4is
Return

Examples:

ro and B is zero, return one.
] to-the-power B.

In the following, print-precision is 12.

2[%x32
4294967296

Yx0,5
2 .

“8x+3

domain-error

Note: The disting
T8% %3 to havd

7.2.8 Logarithm

Z « A

Informal Des

B

iption:  Z is the.logarithm of B to the base A.

Evaluation Sequence:

If 4is
If Bis
If A4is

If Ais

ot a positive-number, signal domain-error.
ot a positive-number, signal domain-error.
ne_and B is one, return one.

tion made in some APL implementations between(rational and irrational powers (to permit expressions su
real results) has been eliminated in this standard to allow complex arithmetic to be a consistent-extensio

th as

Set A1 to the natural-logarithm of 4.
Set B1 to the natural-logarithm of B.

Return

Example:-

0.3010

94 APL S

B1 divided-by 41.

10 2 10 0.1 ® 2 65536 1FE15 1FE15
3 16 15 "15
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7.2.9 Residue

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

If comparison-tolerance is nil, signal implicit-error.
If either of 4 or B is not a number, signal domain-error.
Iff A is zero, return B.

Iff comparison-tolerance is not zero, and B divided-by A4 is integral-within comparisgn-tolerance ,
return zero.

Qtherwise set Z to B modulo 4.
Iff Zis A4, return zero.
Qtherwise, return Z.

Examples:

In {he following, print-precision is 16 and comparison-tolerance is 1E~ 10.

7 77 o.| 31 28 T30
B 0 5
40 T2
0.2.] 1.4 1.5 1.6
0olo0.1 0
1 | 1E30 1E~30 T1ET30 .999999939999
olo o o0

In the following, comparison-tolerance is zero.

1 | 1E30(2E~30 T1E730 .99999999999
0| 1E730 0 0.89993999999

Additional Requirements:

The fange ofesidue is the union of zero and the open-interval-between zero and 4, except when 4
is zeyo, in.Which case the range is the single number B.

Note: | The, implementation-algorithm P modulo @ provides an exact modulo operation. It evaluates

ReP= - ; = "

The definition of “moa” in the proposed IEEE standard for Binary Filoating-Point Arithmetic (P754) provides an example of this
exact evaluation.

Implementations should avoid signalling limit-error in residue. If the operation B divided-by A causes exponent-overflow,
return zero. If it causes exponent-underflow, and if A ana B have the same signs, return B. if they have different signs, return
Zero.
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7.2.10 Binomial
Z « A4 !B

Informal Description:

Zis (gamma(1+B) ) ((gamma(1+4))xgamma(1+B-4))

If A and B are nonnegative-integers, Z is the number of combinations of B things taken 4 at a time.

Evaluation Sequence:

Select thel appropriate case from the following table, where a one indicates that the corréspon

=ecITur.

4, B, and B-A is a negative-integer.

value is |a negative-integer and a zero indicates that it is not.

If either o
Determing if each of
Case
4 B
0. 0
0 0
0 1
0 1
1 O
1 0
1 1
1 1
Example:
44 -3 -
1 73
0 1
0 0
0 0
1 1
"y 73
10 6
7120 T10
35 15

Note: The APL expressions in the rule column indicate the result required, not the algorithm to be used. For example,
6U 165 shouid|be 65 even if L 65 signals limit-error.

RPOROROROW

NEWDNDNRPLRORLRNW

!
[

PR RPRVRRR R R

[y

OO0OO0OOHOOOO

N

OCOORrRrROQOOOo

w

OCORrRrNEKFEOOOOo

=

ORPRWWEFrROOOOo

Rule

Return (!1B)+(14)x!B-4,

Return zero.

Signal domain-error.

Return (T1x4 )xA!4A~BA1.

Return zero.

(Case cannot arise.)

Return (T 1%xB-A)X(|B+1)! (|4d+1).
Return zero.

o {4 4 73 "2 "1 01 2 3y

REOFROOOO
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7.2.11 Circular Functions

Z

« 4 o B

Informal Description: Z is the result of applying a function designated by 4 to B.

Evaluation Sequence:

If

e
1]

Sef 471 to the integer-nearest-to  Z.

If

If

A is not a near-integer, signal domain-error.
B is not a number, signai domain-error.

A1 is not in the closed-interval-between ~ 7 and 7, signal domain-error.
Alis "7,

If B is notin the open-interval-between negative-one and one, signal-domain-errg
Return the inverse-hyperboiic-tangent of B.

Alis 76,

If B is less-than one, signal domain-error.

Return Z, the principal value of the inverse-hyperbolic-Cosine of B, where Z is §
nonnegative-number.

A1 is 75, return the inverse-hyperbolic-sine of.B.

Alis 4,

If B is in the open-interval-between negative-one and one, signal domain-error.
Return Bx(1-Bx 2)x0.5.

A1l is "3, return Z, the principal value in radians of the inverse-tangent of B, whef
he open-interval-between -n/2 and n/2.

b

e Z isin

Alis "2,

If B is not in the closed-interval-between negative-one and one, signal domain-error.

Return  Z, the principal value in radians of the inverse-cosine of B, where Z is either zero or

a number in"the open-interval-between zero and x.

Alis 1

If  <Bis not in the closed-interval-between negative-one and one, signal domain-error.

Return Z, the principal value in radians of the inverse-sine of B, where Z is eithTr n/2, or a
|_-number in the open-intervai-between -n/2 and /2
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If A1is D0,

If B is notin the closed-interval-between negative-one and one, signal domain-error.
Return (1-B%x2)x0.5.

If A1 is 1, return the sine of B radians.

If A1 is 2, return the cosine of B radians.
If A41is 3,

If B is an odd multiple of n/2, signal domain-error.
Retufn the tangent of B radians.

If A1is 4, return (1+B*2)%0.5.

If A1 is 5, return the hyperbolic-sine of B.

If A1 {s 6, return the hyperbolic-cosine of B.
If A1 s 7, return the hyperbolic-tangent of B.

Examples:
2 o 10 .6
.8
2 o0
1
3 oo Y
1
6 o 0
1

Note: The APL|expressions used for 00X, ~ 40X, and 4 OX above indicate the result desired, not the algorithm to be| used.

The definition of ~ 4 OB has been changed to allow complex arithmetic to be a consistent-extension. The previous defifition
was (T1+4B42)%0.5.
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7.2.12 And

Z

< A A B

Informal Description: Z is the Boolean product of 4 and B.

Evaluation Sequence:

If either A4 or B is not near-Boolean, sighal domain-error.
Set 41 to the integer-nearest-to A.

1ISO 8485 : 1989 (E)

S¢t B1 to the integer-nearest-to B.

If
o)

Exam

7.2.11

Z

Inforrn

either 41 or Bl is zero, return zero.
herwise, return one.
ble:
01 o.A 01

0]

1
8 Or

« A v B
nhal Description: - Z is the Boolean sum of 4" and B.

Evaluption Sequence:

Ifleither A4 or B is not near-Boolean, signal domain-error.
Skt 41 to the integer-nearest-to 4.

Set B1 to the integer-nearest-to B.

_Iffleither A1 or B1 is one,-return one.

Qtherwise, return zero.

Example:
0. T~o,v 0 1
o1
111
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99


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

ISO 8485 : 1989 (E)

7.2.14 Nand

Z « 4 ~B

Informal Description:

Evaluation Sequence:

Example:

7.2.15 Nor

If either

(NN

Z is the Boolean compliement of the Boolean product of 4 and B.

A or B is not near-Boolean, signal domain-error.
Otherwise, return ~4AB.

O

Z « 4 % B

-Informal Desgription:

Evaluation Sefjuence:

Example:

100

If either
Otherwise

(o

[oNe]

Q1 oo~ 01

Z is the Boolean complement of the Boélean sum of 4 and B.

A or B is not near-Boolean, signal domain-error.
, return ~AvB.

q1 0. 01

APL Standard
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7.2.16 Equal
Z « A =8B
Informal Description: Z is one if A and B are considered equal and zero otherwise.

within comparison-tolerance . Uses comparison-tolerance .

Evaluation Sequence:

s
5
-
(1+]

If isomstot rsit—si Hmticits :
If the type of 4 is not the same as the type of B, return zero.
Ifpoth A4 and B are characters,

If A4 is the same character as B, return one.
Otherwise, return zero.

Ifpoth 4 and B are numbers,

If A4 is tolerantly-equal to B within comparison-tolerance {_return one.
Otherwise, return zero. '

Example:
1 2 3 o,=1 2 3
110 O
0|1 ©
0|0 1

In the following, comparison-tolerance.is 15~ 13.

4 = 4 + 5E"13.2E 13 T2E 13 TS5E 13
0

01 1

0 = T1E20)1E720 0
00 1

3 = A3
0|0

7. Scalar Functions

o

A and B are
equal if they are the same character, or if they are both numeric and 4 is tolerantly equal to B

101
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Note: Comparisons of numbers whose signs differ are not affected by comparison-tolerance .

For any vaiue of comparison-tolerance and any two values A and B exactly one of the expressions A<B,A=B,and A>B
is one.

Equal should not signal a limit-error. For example, the resuit 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 C to the larger of the absolute values of A and B.

set D to comparison-tolerance times C.
If exponent-underflow occurs,

set |41 to A divided-by C.
set |B1 to B dividea-by C.
Set [C1 to the absolute value of A1 minus B1.

If {1 is greater-than comparison-tolerance , return zero.
Otherwise, return one.

set E td the absolute value of A minus B.
If exponent-overflow occurs, return zero.
If exponent-underflow occurs,

set |A1 to A dividea-by C.
set |B1 to B divided-by C.
Set |C1 to the absolute vaiue of A1 minus B1.

if {1 is greater-than comparison-tolerance , return zero.
Otherwise, return one.

if  E is fot greater-than D, return one.
Otherwise, |return Zero.
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7.2.17 Less than
Z « 4 < B

Informal Description: Z is one if A is tolerantly less-than B, and zero otherwise.
Uses comparison-tolerance .

Evaluation Sequence:

If comparison-tolerance is nil, signal implicit-error.
Ifleither of A or B is not a number, signal domain-error.
Iff A=B, evaluated with the current value of comparison-tolerance , is one, return-zero.

Ifl A is less-than B, return one.
Otherwise, return zero.

Examples:

1 2 3 o0.,< 123

01 . 01

7.2.1B Less than or equal to

4 « A < B

al Description: Z is one if. 4 is less than or tolerantly equal to B, and zero otherpise. Uses
mparison-tolerance .

comparison-tolerance is nil, signal implicit-error.
If either of A<©nB is not a number, signal domain-error.
A =B, evaltated with the current value of comparison-tolerance , is one, return one.
If 4 is less=than B, return one.
therwise,return zero.

123 90,2123

o
ey
PP
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7.2.19 Not equal
Z « A =B

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

Evaluation Sequence:

If comparison-tolerance is nil, signal implicit-error.
Return ~&A=Bevaluated-withthe currentvatueof comparison-tolerance—

Examples:
1A' =2 41
1
1 2 3 o,21 2 3
011
101
110
0 1 o.2 0 1
01
10

7.2.20 Gredter than or equal to

Z « 4|2 B

Informal Description: Z is one if 4 is greater than or tolerantly equal to B, and zero otherwise.

Uses comparison-telerance .

Evaluation Sequence:

If comparison-tolerance is‘nil, signal implicit-error.
If either of A or B is net-a number, signal domain-error.

If A=H, evaluated with’the current value of comparison-tolerance , is one, return one.

If 4 is greater-than. 5, return one.
Otherwige, return’zero.

Examples:

[N
[y
P OO

(I
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7.2.21 Greater than

Z « 4 > B

&2

Informal Description: Z is one if 4 is tolerantly greater than B, and zero otherwise. Uses
comparison-tolerance .

Evaluation Sequence:

if comparison-toierance is nii, signal implicit-error.
iffeither of 4 or B is not a number, signal domain-error.
Iff A=B, evaluated with the current vaiue of comparison-tolerance , is one, returfi’zero.
If|A is greater-than B, return one.
Otherwise, return zero.

123 0.1 2 3

R o
» oo
o

01 o.>0 1
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8 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 here

to avoid

forward references.

8.2 MIONADIC STRUCTURAL PRIMITIVE FUNCTIONS

8.2.1
Z

Inform

Ravel
é

» B

al Description: Z is a vector containing the elements of B\in row-major order.

Evaluadtion Sequence:

Re
t
q

he same as the the type of B, and the shape-listof Z is a list of length one containin
f B as its only item.

Examples:
SN22
111 12 21 22
JN222
111 112 121 122 214)212 221 222
,N2221
1111 1121 121149221 2111 2121 2211 2221

Note: §

avel always produces.a vector result. The expressions ravel-list of Z, type of Z, and shape-list of Z refg

of an afray object.

turn Z, a vector such that the ravel-list of Z is the,same as the ravel-list of B, the type of Z is

g the count

br to attributes
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8.2.2 Shape
Z « p B

Informal Description:  Z is a numeric vector containing the shape of the array B.

Evaluation Sequence:

Return Z, an array such that the type of Z is numeric, the ravel-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-items in the shape-list of B.

Examples:

oN

A,V
1

ApN
0

aN3
3

ApN3
1

gN3u
3 u

Note: Shape always produces a vector resuit. The expression shape-list of Z refers to an attribute of an array object.
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8.2.3 Index Generator
Z « 1 B

Informal Description: Z is a numeric vector of B consecutive ascending integers, the first of which
is index-origin . Uses index-origin .

Evaluation Sequence:

If index-origin is nil, signal implicit-error.

If . _ i

If the count of B is not one, signal length-error.
If| B is not a near-integer, signal domain-error.

S¢t B1 to the integer-nearest-to B.

If| B1 is not a nonnegative-integer, signal domain-error.
If| B1 is zero, return an empty numeric vector.
Ggenerate a numeric vector Z1 of length B1 such that the ravel-list of Z1 consists of the
{ntegers in the closed-interval-between one and B1 in ascending. order.
Gpnerate Z, a numeric array with the shape-list of Z1 such that each item of the ravel-list of Z

s (index-origin minus one) plus the corresponding element of Z1.
Return  Z.

Examples:
In the following, index-origin is zero.

14
Ol1 2 3

In the following, index-origin is one.

14
112 3 4
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8.3 DYADIC STRUCTURAL PRIMITIVE FUNCTIONS

8.3.1 Reshape

Z «ApB

Informal Description:

repeaied cyciicaiiy as required.

Evaluation Se

juence:

if the ranI; of 4 is greater-than one, signal rank-error.

If any ite
Set A1
if any ite
signal d
Let RA

of the ravel-list of 4 is not a near-integer, signal domain-error.
to the integer-array-nearest-to , 4.

of the ravel-list of 41 is not a nonnegative-counting-number,
main-error.
stand for the product-of the ravel-list of 41.

Let CB
If RAi
Return a

same ag the ravel-list of 41, and the ravel-list of Z is a list with.* R4 items such that for all ]

the inde|

Examples:

2
111 112
212 213

A
0

)2
A
1E7 1E7

Note: For any X
first-scalar in X.

stand for the count of B.
not zero and CB is zero, signal length-error.

Z is an array of shape ,A whose elements are taken sequentially from ,B

array Z such that the type of Z is the same as the type-of B, the shape-list of Z is the

-set of Z, item I of the ravel-list of Z is item 1+CB N -1 of the ravel-list of B.

YpN213

113 211

111 112

Op'ABCD!

< 1E7 1E7 1E7 O 1E7 1E7 1E7 p u2
B

1E7 0 1E7 1E7\1E7

that is not empty, ®1'pX ana (10 )p X produce the same resuit a scalar whose vaiue is that of the

110 APL S
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8.3.2 Join

Z « 4 , B

Informal Description: If 4 and B are scalars or vectors, Z is the vector of length (p,4)+p,B
whose first p ,4 elements are ,4 and whose last p , B elements are ,B.

If either 4 or B has rank greater thanone, Zis 4, [ (ppA )l ppB1B, as defined under Join
Along an Axis.

Evalthion Sequence:

If| A is a scalar and B is a scalar, return (,4),,B.
If| 4 is ascalar and B is a vector, return ( ,4),B.

If| A4 is a vector and B is a scalar, return 4, ,B.

If| 4 is a vector and B is a vector,

If A is empty and B is empty and the type of 4 differs from the type of B, signal
domain-error.

If B is empty, return 4.

If A4 is empty, return B.

If the type of 4 differs from the type of B, signal domain-error.

Otherwise, return a vector Z, such that the shape-list of Z is (pA4 )+pB, the ravel-list of Z is
a list whose first p4 items are the ravel-list:of "4 and whose last pB items are the ravel-list
of B, and the type of Z is the same as the\type of 4.

Otherwise, return A4,[(ppd ) ppBlB.

Example:

1t o0
0
Note: [his subsection intentionally.contains a forward reference to Join Along an Axis. Join and Join Along an Axis are defined

separalely because the description of Join Along an Axis requires APL operations that depend for their definitions in turn upon
Join.
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9 OPERATORS

9.1 INTRODUCTION

Note: The forms in this chapter are referred to as operators.

Operators take scalar functions as arguments and produce functions, called derived functions, as resuits. For example, the
operator reduction takes a single dyadic scalar-function as an argument and produces a monadic function as a resuit.

Becausq f is restricted to scalar functions, the derived functions produced by scan and reduction may be viewed kither as being

applied petween subarrays of rank or 1 +pp B oras being repeated on vector subarrays. As an expository|device, the
evaluatipn sequences in this document use the vector definition.
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9.2 MONADIC OPERATORS

9.2.1

f/
f/LC
f#
AL

O I

NNNN

Informal Des

between
how the s

Evaluation Sequence:

If fis not
For form

If B

Othen

For form

If B

Othen

For forms

If K
Othen
If B

If 4
If {

If

iption:
j.ubarrays of B and evaluating the resuiting expression. The axis designated determi

Reduction

B
K]l B
B
Kl B

Z is the value produced by placing the primitive scalar dyadic function f

ibarrays are chosen. Uses index-origin .

a primitive-dyadic-scalar-function, signal syntax-error.
f/B

is a scalar, return B.

vise, return f/[ppB] B evaluated with index-origin Set fo one.

f/B

is a scalar, return B.
vise, return f/[1] B  evaluated with index-origin set to one.
f/EK] B and f#(K] B

is not a valid-axis for B, signal axis-error.
vise, set K1 to the integer-nearest-to X.
is a vector,

he length of B is zero, take the action designated in Table 5 for f.
he length of B is one;. return a scalar Z such that the type of Z is the type of B and {
vel-list of Z is thecravel-list of B.
he length of B is"greater-than one,

Set B1 to'the first-scalar in B.
Set B2'to the remainder-of B.
Return\'B1 ff/B2.

If the
sha

an item of Z and B3 is the corresponding vector-item along-axis K1 of B, then Z1 is f/

Examples:
+
X

114

nes

rank-of B is greater-than one, return an array Z such that the shape-list of Z is the

/1 2 3
/1 2
/A
/1AA"

/rAAd!
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0
Additional Requirements:

If Z is empty, the type of Z is determined by the argument function f; since f is a scalar function in this
standard, the type of Z when empty is always numeric.

The scalar-function f may signal domain-error.

When applied to a rank N array, the derived function produces a result array of rank 0[ N-1. When
applied along an empty axis in an array, reduction produces an array whose shape is that pf the

argument array with the designated axis deleted. The elements of the array, if any, are,determined
by the grgument function and Table 5. In some cases, an error is signalled.

For example,
+/2 0 p5.1

p+/2 0p5.1

Table 5 — Actions for the Reduction of,an Empty Vector

Dyadic Function Action

Plus + Return zero.

Minus - Returnzero.

Times X Return one.

Divide < Réturn one.

Residue | Return zero.
Minimum L Return positive-number-limit.
Maximum [ Return negative-number-limit.
Power ) Return one.
Logarithm ® Signal domain-error.
Circular o Signal domain-error.
Binomiatl ! Return one.

And A Return one.

Or \ Return zero.

Nand »~ Signal domain-error.
Nor w Signal domain-error.
Less < Return zero.

Not greater < Return one.

Equal = Return one.

Not less 2 Return one.

Greater > Return zero.

Not equal z Return zero.

9. Operators
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9.2.2

NNNN

4 4 4 4

Informal Description:

Scan

f\ B
f\[K] B
f\ B
f\[X] B

Z is an array having the same shape as B and containing the results

produced by f reduction over all prefixes of a designated axis of B. Uses index-origin .

Evaluation Seqiuence:

If

f is not|a primitive-dyadic-scalar-function, signal syntax-error.

For form [f\B

If B|is a scalar, return B.
Otheryise, return f\[ppB] B evaluated with index-origin set to one!

For form ff\x B

For forms

Examples:

+\1 11

12 3
ANIEZ1 1 0 0 0 1 1 1

111000000

. -\'4

A
:\!AB!

domain-error

Additional Requirements:

If B|is a scalar, return B.
Otherwise, return f\[1] B evaluated with index-origin set'to one.

If K]is not a valid-axis for B, signal axis-error.

Otherwise, set

f\[KIB and f\[K]B

K1 to the integer-nearest-to X.

If Blis a vector,

if the count of B is less-than two, (feturn B.

If the type of B differs from the type of f/B[12], signal domain-error.

Otherwise return  Z, a vector:such that the type of Z is the type of f/B[12], the
shape-list of Z is the shape-list of B, and the ravel-list of Z is such that item I of the
ravel-list of Z is f/B[1F] for all I in the index-set of the ravel-list of B.

If the (rank of B is greater-than one, each vector-item along-axis K1 of Z is f\B1, where
is the corresponding,vector-item along-axis K1 of B.

B1

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

The evaluatibn sequence above describes a quadratic algorithm for scan. If the function f is
associative, scan may be implemented with a linear algorithm.

Note: Various error checks have been performed on K by the phrase evaluators, and index-origin is one, before this evaluation
sequence Is called.
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9.3 DYADIC OPERATORS

9.3.1

Z

Informal Description:

Outer Product

« 4 o ., fB

Z is an array of shape (p4),pB. The elements of Z are the result of

applying the primitive-dyadic-scalar-function f to every possible combination of scalar arguments

w

Z

th
it]ms of I are the index-list that would select from B the element used asithe right ar

Evalu

If
R

Exam

11
2]
31

Addit

If the

Note:

fere the left argument is an element of 4 and the right an element of B.

is such that if T is an index-list that selects a single element of Z, the first p4 items$ of I are

b index-list that would select from 4 the element used as the left argumentto f and

tion Sequence:

f is not a primitive-dyadic-scalar-function, signal syntax-error.
turn  Z, an array such that the type of Z is numeric, the shape-listof Z is (p4)
he ravel-list of Z has the following property:

Let I stand for an item of the index-set of the ravel-list of 4.
Let o stand for an item of the index-set of the ravel-list of B.
Let X stand for item I of the ravel-list of 4.

Let Y stand for item J of the ravel-list of B.

Let N stand for the count of B.

Let P standforJ+(Nx(I-1)).

Then, item P of the ravel-list of ZVis- X f Y.

ble:

10 20 30 o +1 2 3
12 13
22 23
32 33

onal Requirements:

scalar-function f signals an error, outer product returns the resulting error token.

The’type of the result of outer product is numeric only because all permitted argument functions return ng

the last pB
gument to f.

b pB, and

meric results.
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9.3.2 Inner Product
Z «Af .gB

Informal Description:  Z is an array of shape (pA)[107 "1+ppA], (pB)[1+107 "1+ppBl.
The elements of Z are the results obtained from evaluating the expression f/XgY for all possible

combinations of X and Y, where X is a vector-item along-axis pp4 of 4 and Y a vector-item
along-axis one of B.

Evaluation Sequence:

If either f pr g is not a primitive-dyadic-scalar-function, signal syntax-error.

If A is a|scalar or one-element-vector and B is not, set 41 to (1ppB )p4.
If A and|B are scalars or one-element-vectors, set 41 to , 4.
Otherwise|set 41 to A.

If B is a|scalar or one-element-vector and 4 is not, set B1to (pd)[ppdIpB.
If A and|B are scalars or one-element-vectors, set B1 to , B.
Otherwise| set B1 to B.

If the lastjitem in the shape-list of 41 is not the same as the first-item in the shape-list of B1,
signal length-error.

If A1 and B1 are both vectors, returnf/4A1 g B1. :
Otherwise| return Z, an array such that the type of Z is numeéric, the shape-list of Z is

(pA1)[107M "1+ppA1],(pB1)[1+10 " 1+ppB1] and the ravel-list of Z has the
following property:

Let [T stand for an item of the index-set of .the ravel-along-axis (pp41) of A41.
Let [X stand for vector-item I of the ravelsalong-axis (pp41) of A1.

Let |/ stand for an item of the index-set.of the ravel-along-axis one of B1.

Let [Y stand for vector-item ./ of the ‘ravel-along-axis one of B1.

Let [V stand for the number-of-items in the ravel-along-axis one of B1.

Let [P stand for (Nx(I-1))%d.

Then, |item P of the ravel-listofy)Z isf/ X g Y.

Examples:

4 2 1+.x1¢0 1
5
N22+.x08V1
12 22
M22+.x1 O

11 21

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

Additional Requirements:

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

Note: The evaluation sequence rule for when A1 and B1 are vectors hoias if 41 or B1 is the empty vector. The result
returnea is f/ 1 0.

The type of the result of inner product is numeric only because all permitted argument functions return numeric resuits.
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10 MIXED FUNCTIONS

10.1 MONADIC MIXED FUNCTIONS

10.1.1

Roll

Z

lnformtl Description: Z, for B a scalar integer, is index-origin plus K, where R is anintef
cted pseudorandomly from the set of all nonnegative integers less than B Each integer in the

sel
sef]

Evaluat

If {ndex-origin is nil, signal implicit-error.

If
Lef
If
q

-

If
Se
If
Se

<« ? B

has an equal chance of being selected. Uses index-origin . Uses and sets random

ion Sequence:

fandom-link is nil, signal implicit-error.
J stand for item I of the ravel-list of B.

r all I in the index-set of the ravel-list of Z, item I of.the ravel-list of Z is ?J.
B is not a near-integer, signal domain-error.

B1 to the integer-nearest-to B.
B1 is not a positive-integer, signal domain-error.

the implementation-algorithm pseudorandom-number-generator whose only inputs a
random-link .
R

urn  ZO0 plus index-origin .

jer

tlink .

is not scalar, return a numeric array Z such that the shape-list of Z is the shape-list of B and,

Z0 to a nonnegative-integer less-than B1 and set random-link to a new value resuting from

e B1 and

Examples:

271 1 1

111
S<0RL
?24p1E30

1.p9584E28°.2.5949F29 5,.38382E29 8.3827u4FE29
ORL<S
4p1E30

1.69584E29 2.5949F29 5.38382FE29 8.3827u4FE29

0.

(?1E20 1E20)%1E20
2189549 0.678865
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Additional Requirements:

The operation of roll is atomic: If roll signals an error, random-link shall be unchanged.
The result of 2B, where B is an array, shall be reproducible.

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

Note: One class of appropriate algorithms is Lehmer's linear congruential method, described in Knuth, D. E., Seminumerical
Algorithms, page 9.

Roll is often conjdered a scalar function. However, it does not have the property that the elements of its resuit array can _pe
produced in pardliel.
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10.1.2 Grade Up

Z « A B

Informal Description: Z is, for B a vector, a permutation of 1 pB for which B[Z] is a monotone

increasing sequence. The indices of identical elements of B occur in Z in ascending order. Uses
index-origin .

Evaluation Sequence:

If = i ; = ;
If the rank of B is not one, signal rank-error.

B is one, return a one-element-vector Z such that the type of Z is numeri¢)and the ravel-list of
4 contains index-origin .
therwise, generate Z1, a permutation of 1 pB such that for I and ¢, @nbitrary elements of 1pB
for which I is less-than JJ,

BLZ1C[I11] is not greater-than B[Z1[J1] and
BLZ1[I]] equals B[Z1[J]] implies that Z1[I]<is less-than Z1[J].

Ggnerate Z, a numeric array with the shape-list of Z1"such that each item of the rayel-list of Z
i$ (index-origin minus one) plus the corresponding-élement of Z1.
Raturn  Z.

Examples:

AV « 1,1 3.1 1.1.02.1 5.1
1B 4 25

ANV
1235

VLAV]
1.0 1.1 2.1 3.1,58.1

In the following, index-origin is zero.

AV
02 3 1M

Additipnal, Requirements:
The sIstem-garameter comparison-tolerance is not an implicit argument of grade up.
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10.1.3 Grade Down

Z « VB

Informal Description: Z is, for a vector B, a permutation of 1 pB for which B[ ZJ] is a monotone

decreasing sequence. The indices of identical elements of B occur in Z in ascending order. Uses

index-origin .

Evaluation Sequence:

If index-grigin 15 nil, Ssignal implicit-error.

If the rank of B is not one, signal rank-error.
Return |A-B.

Examples:
«1.1 3.1 1.1 2.1 5.1
4

5 2 4 3
vl

5.1 3.1 2.1 1.1 1.1

In the following, index-origin is zero.

4
4 1 3 2

Additional Requirements:

The system-garameter comparison-tolerance is-not an implicit argument of grade down.

Note: Grade up|and grade down are stable sort algorithms because they preserve the relative order of identical elementy

One appropriatg algorithm for grade up and downappears in Woodrum, L. J., Internal Sorting with Minimal Comparing, IB

System Journal,|Vol. 8, No. 3, p.189, 1969.
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10.1.4 Reverse

¢ B
e B
¢[K] B
e[K] B

NNNN

+ 4 4 4

Informal Description: Z is an array whose elements are those of B taken in reverse order along a
specified axis. Uses index-origin .

Evaluation Sequence:
For form ¢B

If B is scalar, return B.
Otherwise, return ¢ [ppBl B, evaluated with index-origin set to one.

Fgr form ©B

If B is scalar, return B.
Otherwise, return ¢ [1] B, evaluated with index-origin)set to one.

Fdr forms ¢[K] Band e[K] B

If K is not a valid-axis for B, signal axis-error.
Otherwise, set K1 to the integer-nearest-to XK.
If B is avector, return B[ (1+pB)-1pB], evaluated with index-origin set to o%e

Otherwise, return an array Z, such that the type of Z is the type of B, the shape-list of Z is
the shape-list of B, and the ravel-list.of Z has the property that each vector-item along-axis
K1 of Zis ¢ applied to the corrésponding vector-item along-axis K1 of B.

Examples:

¢N23

13 12 11

29 22 21

¢[2] N2y

121422 123 124
141 112 113 114

221 222 223 224
211 212 213 214

Note: Various error checks have been performed on K by the phrase evaluators, and index-origin is one, before this evaluation
sequence is called.
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10.1.5 Monadic Transpose
Z « 8B

Informal Description: Z is B with the order of the axes reversed.

Evaluation Sequence:

Return ($1ppB)YB, evaluated with index-origin set to one.

Examples:

plp 83

N23
11 21
12 22
13 23

N23u
111 21
121 22
131 23

112 21
122 22
132 23

113 21
123 22
133 23

114 21
124 22
134 23

Note: This subsgction contains a forward reference to dyadic transpose.
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10.1.6 Matrix Inverse
Z « B B

Informal Description:  Z is the result of applying a generalisation of the matrix inverse function to B.
Matrix inverse is matrix divide with an appropriate identity matrix as a left argument.

Evaluation Sequence:

If the rank of B is greater-than two, signal rank-error.
Refurn ((2p1ppB)lpl1, (1ppB)p0) H B.

Note: This subsection contains a forward reference to matrix divide.

The folloying article, Martir, G. A., The Solutions of Linear Systems in APL : Towards An Extension of Matrix‘Divide APL80 Noordwi-
Jkerhout June 24-26, 1980 — Published by Gijsbert van der Linden, North-Holland Publishing Company Amstérdam. New Ylork. Ox-
ford, desg¢ribes the motivation for matrix inverse and an acceptable algorithm.

The following document also deals with this subject: Jenkins, M. A., Domino — An APL Primitive-Function for Matrix Invérsion —
Its Implerpentation and Applications. APL Quote-Quad Vol Ill No. 4, February 1972, pp. 4-15.
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10.1.7 Execute

Z <« ¢ B

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

Evaluation Sequence:

If the rank of B is greater-than one, signal rank-error.
If any item of the ravel-list of B is not a character, signal domain-error.

Generate i

is execute,

t-line is the ravel-list of B,

t-functionis 0 Op' ',

t-line-number is one.

t-statement is the empty list of tokens, and
stack [is the empty list of tokens.

Append the new context to the state-indicator of the active-workspace as'a new first item.

Set Z tp evaluate-line.
Remove the first context from the state-indicator.

Return (2.

Examples:
gq'T<3"

7
3
Oeo'T<3!
3
Aeo'!
value-error

Note: If an error|is signalled during execute,\the user should be able to determine from information provided by the systen
where the error pccurred in the argument of-execute as well as where the failing execute primitive occurred in the

immediate-execution or defined-function.line.

1
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10.2 DYADIC MIXED FUNCTIONS

10.2.1 Join Along an Axis
2 « A ,[K] B

Informal Description: Z is formed by joining A and B along a designated axis. There are two
suboperations, catenate and laminate. The catenate suboperation joins the arrays along an
exfisting axis, the laminate suboperation along a new axis. The choice of axis and the|choice of

oferation is determined by K: if K is a near-integer, the operation is catenate andcthe|axis is X; if
K [is not a near-integer, the operation is laminate, the new axis is [ K, and the axes greater than
orlequal to [ K are renumbered. Uses index-origin .

Evalugtion Sequence:
If| Kisnota neér-integer,

If A is ascalar, set 41 to (pB)pA.
Otherwise, set A1 to A.

If B is ascalar, set B1 to (p4)pB.
Otherwise, set B1 to B.

If the rank of 41 differs from the rank of B, signal rank-error.

If K is not in the open-interval-between zero and (one plus the rank of 41), signal
axis-error.

If the shape-list of 41 differs from the shape-list of B1, signal length-error.
Set Tto (1,pd1)[AK,1ppAll].

Set A2to TpAl.

Set B2 toTpB1.

Return A2, [[XJ} B2, evaluated with index-arigin set to one and with
comparison-tolerance set to integer-tolerance.
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10.2 DYADIC MIXED FUNCTIONS

10.2.1 Join Along an Axis

Z <« A ,[K] B

Informal Description:

Z is formed by joining A and B along a designated axis. There are two

suboperations, catenate and laminate. The catenate suboperation joins the arrays along an

existi
operd

K is rjot a near-integer, the operation is laminate, the new axis is [ K, and the axes great
or equal to [ K are renumbered. Uses index-origin .

Evaluatiop Sequence:

If

K is not a near-integer,

A is a scalar, set 41 to (pB)pA.
therwise, set A1 to 4.

O =

fl B is ascalar, set B1 to (p4)pB.
therwise, set B1 to B.

@)

flthe rank of 41 differs from the rank of B1,-Signal rank-error.

Iff K is not in the open-interval-between-zero and (one plus the rank of 41), signal
axis-error.

sy

the shape-list of 41 differs from the shape-list of B1, signal length-error.
et Tto (1,pA1)[AK,1ppAl].

et A2toTpA1l.

et B2toTpB1.

(N (0 n

w1

eturn A2, [lKXKJ} B2, evaluated with index-arigin set to one and with
comparison-tolerance set to integer-tolerance.

ice of
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Examples:

AAA
AAA

O«Me2 3ptA?

O€«H<«3 3pto!

M,[1]H

1SO 8485 : 1989 (E)

O«L<«2 up'Qd’

amoo
amoa

M,L
AAA000O0
4440000

M,'+!
AdD+
AN+

M, '3y!
4443
Apou

M,[1]'3u5!
apn
A%A
345

12 3,[.5] 4 5.6
112 3
4[5 6

1 2 3,[14504 5 6
1|4
2|5
3|6

1_2~3,[1.5]u4
1|4
2|u
3|

(2 0ps5),'Aat
A
A

p3,(.51"
20

Note: Various error checks have been performed on K by the phrase evaluators, and index-origin is one, before this evaluation
sequence is called.
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10.2.2 Index of
Z « A1 B

Informal Description: Z is a numeric array of shape pB. Each element of Z is the least index in 4
of a value tolerantly-equal within comparison-tolerance to the corresponding item of B. Uses

index-origin and comparison-tolerance.

Evaluation Sequence:

on-tolerance is nil, signal implicit-error.
If A is npt a vector, signal rank-error.
Set Ztod+/A\Be .z, evaluated with the current value of comparison-tolerance .

q

Return  Z plus index-origin .

Examples:

Iin the following, index-origin is zero.

Od<«2 2p1.1 3.1 5.1 4.1
1.1 3.1
5.1 4.1
31 4.1 5.114
30
21
VABC'13
3

In the following, index-origin is one.
'1123ABC'"1'3BD!

1123ABC'13
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10.2.3 Member of
Z « 4 € B

Informal Description: Z is a Boolean array with the shape of 4. An element of Z is one if the
corresponding element of 4 is tolerantly-equal to some element of B; otherwise, it is zero. Uses

comparison-tolerance .

Evaluation Sequence:

If fson= - -
R v/40°,=,B, evaluated with the current value of comparison-tolerance .
Examples
J«B<2 2p1.1 3.1 5.1 4.1
1.0 3.1
5.1 4.1
3.1 5.1 7.1 € B
110
18e€'CLUB!
0]
'BE' ¢ 'BOP!
10
'NADA'e0
OpOO0oO
(lr/10)el /10
0

Note: If B is empty, the resuit of Ae B is (p4 )p0.
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10.2.4 Deal

Z « A ? B

Informal Description:

Z is index-origin plus R, where R is a vector of shape 4 obtained by making

A pseudorandom selections without replacement from the set of nonnegative integers less than

B. Uses i

ndex-origin . Uses and sets random-link .

Evaluation Sequence:

If index-ofigin-is—nil.—signat-implicit-error
If random:-link is nil, signal implicit-error.

If the ran
If either o
If either o

Set 41
Set B1

If either of

If A1lis
If A1lis

Using the
element
closed-i

kK of A or the rank of B is greater-than one, signal rank-error.
A or B is neither a scalar nor a one-element-vector, signal length-error.
A or B is not a near-integer, signal domain-error.

to the integer-nearest-to 4.
to the integer-nearest-to B.
A1l or B1 is not a nonnegative-number, signal domain-error:

greater-than B1, signal domain-error.
zero, return 10.

implementation-aigorithm deal, generate a numeric:vector Z0 of length 41 whose
are selected in a pseudorandom fashion without@uplication from the integers in th
terval-between zero and B1 minus one, then set random-link to a new value.

Return |Z0 plus index-origin .
Example:
127300
2 3 42 (94 70 105 215 9 110-298 201 5

Additional Re

The selection

fuirements:

of elements in 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 o
inputs are 41|, B1 and randomlink . The operation of deal is atomic: if deal signals an error,

random-link s

hall be unchanged. The resuit of A?B, where 4 and B are arrays, shall be reprodug

(4]

nly

ible.
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10.2.5 Compress

Y/
Z
Z
Z

Informal Description:

A/ B
A+ B
A /[K] B
A #[K] B

+ 4+ 4+ 4

Z is an array formed by selecting those subarrays, across a specified axis of

B, for which the corresponding element of the near-Boolean vector or scalar 4 is tolerantly equal
to one within integer-tolerance. Uses index-origin .

Evalultion Sequence:

if
o)
If
O

Fd

Fq

Fd

4 is a scalar, set 41 to ,A.
herwise, set 41 to 4.

B is a scalar, set B1 to (p41)pB.
herwise, set B1 to B.

rform A/B

Return A1/[ppB1] B1 evaluated with index-origin{set to one.
rform A#B

Return A1/[1] B1 evaluated with index-origin’set to one.
rforms A4/[K] Band 4#[K] B

If K is not a valid-axis for B1, signal axis-error.
Otherwise, set K1 to the integer-nearest-to K.

If the rank of A1 is greater-than one, signal rank-error.

If the countof A1 is one,set 42 to (pB1)[K11pA1l.

Otherwise, set 42 toA41.

If pA2is notthe-same as (pB1)[K1], signal length-error.

If any item of the_ravel-list of A2 is not a near-Boolean, signal domain-error.
Set A3 to the-Boolean-array-nearest-to A42.

If B1is a’ector, return BA[(+/43)pVA3].

Otherwise, return an array Z such that

The type of Z is the same as the type of B,

the shape-listof Z is ((K121ppB1)xpB1)+(K1=1ppB1)x+/43, evalu

ated with

—————comparison-tolerance-set-tozero—and

the ravel-list of Z has the property that if Z2 and B2 are corresponding vector-items

along-axis X1 of Z and B1 respectively, then Z2 is 43/B2.
\
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Examples:

1311

1611

2311

2611

1

1

101/123
1/123
101/ 2

0010010 /[2] N271u4
1312 1313 131u4

1*12 1613 1614

2312 2313 231y

2612 2613 2614
1/1

pp (,1)/2

Note: Various efror checks have been performed on K by the phrase evaluatorsj.and index-origin is one, before this eval,
sequence is callgd.
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10.2.6 Expand

A \B
A X B
A \[K] B
A X[K] B

NNNN
4 4+ 4 4

Informal Description:  Z is, for a near-Boolean scalar or vector 4, an array of the same type as B
containing subarrays of B along a specified axis.

F rvecfor B, Z is such that Z/A\B is B and, if P is the typical-elementof B, (~4)/A\B is
(F/~A)pP; similarly, A/[KJA\[K1Bis B, A#AXB is B, and (~4)/[K]A\ [K]H and
(4 )#ANB are arrays of the typical-element of B. Uses index-origin .

Evaluation Sequence:

Ifthe rank of 4 is greater-than one, signal rank-error.

Iffany item of the ravel-list of 4 is not a near-Boolean, signal domain-error.
Set A1 to the Boolean-array-nearest-to  ,A.

If| B is a scalar, set B1 to (+/41)pB.

Otherwise, set B1 to B.

For form A\B

Return 41\ [ppB1] B1 evaluated with index<origin set to one.
For form AXB

Return 41\ [1] B1 evaluated with(index-origin set to one.

For forms A\[K] B and AX[K}.B

If K is not a valid-axis for B1, signal axis-error.
Otherwise, set K1 to-the integer-nearest-to K.

If (pB1)[K1]differs from +/A1, signal length-error.
Return an array_Zsuch that

the typelof Z is the type of B,
the shape-list of Z is ((K1z1ppB1)xpB1)+(K1=1ppB1)xpA1, evaluafed with

comparison-tolerance set to zero, and
the ravel-list of Z has the property that 41/[K1]Zis B1 and (~A1)/[KQp1Zis an

array consisting entirely of the typical-element of B.
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Examples:
101\13
103
11101\ 'ABCD!
ABC D
10 1\ 2
2 0 2
1 0 1\[2] 2 2 p 'ABCD!
A B
cD
1 01 1\1 2 3
10 2 3 :
1 0 1 1\3
30 3 3
d1\31p 3.14 2E17 "u7
0 3.1Y4EO
0 2.0QF17
0 "4.7(QE1
1 0 1 0\[2] N22u4
111 112 113 11y
0 ( 0 0
121 122 123 124
0 e 0 0
211 212 213 21u
0 q 0 0
221 222 223 22y
0 ( 0 0

Note: Various efror checks have been performed on K by the phrase evaluators, and index-origin is one, before this evaldation
sequence is callgd.

|
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10.2.7 Rotate

NNNN

A ¢ B
A e B
A ¢[K] B
A eo[K] B

+ 4 4 4

Informal Description: Z is an 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 shift is controlled by A.
Uses index-origin .

Evalthion Sequence:

Fgrform A4 ¢ B

Fd

Fq

T3 D ic o cralaes armd N ic aitha
i D 15 d Stdldl dllu A 1D TlLhicT

if any item of the ravel-list of 4 is not a near-integer, signal domain-error.
Otherwise, return  B.

Otherwise, return A4 ¢[ppBl B evaluated with index-origin set to one.
br form 4 e B
If B is ascalar and 4 is either a scalar or a.vector of length one,

If any item of the ravel-list of 4 is not‘d near-integer, signal domain-error.
Otherwise, return B.

Otherwise, return A ¢[1] BCevaluated with index-origin set to one.
or forms A ¢[K] Band A 6[K] B

if K is not a valid-axis for B, signal axis-error.
Otherwise, set K1 ‘to'the integer-nearest-to X.

If Ais ascalar-setd1to ((K1z1ppB)/pB)pA, evaluated with comparisor-tolerance
set to zero:

Otherwise[set 41 to 4.

If A4.s a one-element-vector and B is a vector, set 12 to (10)pA1l.
Otherwise, set 42 to41.

If the rank of B minus the rank of 42 is not one, signal rank-error.

If the shape-list of A2 is not the same as the shape-list of B with axis K1 omitted, signal
length-error.

If any item of the ravel-list of 42 is not a near-integer, signal domain-error.

Set A3 to the integer-array-nearest-to A42.

If A3 is ascalar and B is a vector, return B[1+(pB)| 1+43+1pB] evaluated with
comparison-tolerance set to zero.

Otherwise return Z, an array such that the shape-list of Z is the same as the shape-list of B,
the type of Z is the same as the type of B, and the ravel-list of Z has the property that if Z0
is a vector-item along-axis K1 of Z, A0 is the corresponding item of 43, and BO is the
corresponding vector-item along-axis K1 of B, then Z0is A0 ¢ BO.
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Examples:

301 2 3 4 5
4 512 3

141 2 3 4 5
512 3y

“7¢'ABCDEF!
FABCDE

1eN33
21 22 23
31 32 33
11 12 13

$CL1IN33
21 22 23
31 32 33
11 12 13

2 3¢N3u
12 13 1u 11
23 24 21 22
34 31 32 33
23¢[2]N2u3

141 112 123
111 122 133
121 133 143
131 143 113
221 233 2u3
231 243 213
241 213 223
211 222 233

138
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10.2.8 Base Value
Z « 4 1 B

Informal Description: Z is, for 4 and B numeric vectors, a number produced by regarding B as
the representation of a number in the mixed radix number system specified by A.

If 4 or B is an array of rank greater than one, base value is like inner product: each vector-item
along the last axis of A is applied to each vector-item along the first axis of B.

Evaluation Sequence:

Set 40to 1pd1,pa.
Set BOto 1p(pB),1.
If| A0 differs from BO,

If A4 is a scalar or one-element-vector, return (BOpA4)1B.
If B is a scalar or one-element-vector, return A1L4A0pB.
Otherwise, signal length-error.

Iff A0 is the same as BO,

If any item of the ravel-list of 4 is not a number,, signal domain-error.
If any item of the ravel-list of B is not a number, ‘signal domain-error.
Return (o8 (dPpd)p8Rx\P4,1)+.xB.

Examples:’
1011 2 3
123
24 60 60 L 1 2 3
3723
O<«d<2 3p10 0,10 12 60 60
10 10 10
1P 60 60
OeB<«3 2p2 4 2 5 3 6
1|14
2|5
3| 6
ALB
123 456
3723.1u4706
—.001 10 1011 2 3
123
60 L 1 2 3
3723
'3
0
'4'110
0

Note: The shape requirements of A 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 A is one it be replicated to match the first axis of B, or that if
the first axis of B is one it be replicated to match the last axis of Aa.

The first element of each left argument has no actual effect on the resuit of base value, but permits use of the same left
argument for base value and representation. If A is a positive numeric vector and B a non-negative numeric scalar\such that

B<x/A, then ALATB is B.
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10.2.9 Representation

Z « A

T B

Informal Description: Z is the representation of B in mixed radix number system 4.

Evaluation Sequence:

140

If Ador
If any ite
If any ite
If 4dis
If 4is

B is empty, return ( (p4),pB)pO0.
m of the ravel-list of A is a character, signal domain-error.

alar, return 4 | B, evaluated with comparison-tolerance set to zero.
vector and B is a scalar,

ate two numeric vectors Z and C that satisfy the following constraints

THe length of Z is pA.
The lengthof Cis 1+p4.

[1+pA] is B.

Fgr ail scalar indices I in 1pA4:

ZLIlisALI]lTCLI+1].
If A[CI] iszero, CLI] is zero:
Otherwise, C[IJ]is (CCI+11-Z[I]):ALIN

Returp Z.

Otherwisg, return  Z1, an array such that the type of Z1 is numeric, the shape-list of Z1 is

(pd),

Let
Let
Let
Let
Let
Let

Then,

bB  and the ravel-list of Z1 has the following property:

I stand for an item of the index-set.of the ravel-along-axis one of 4.
A1 stand for vector-item I of tHe ravel-along-axis one of 4.

J stand for an item of the index-set of the ravel-list of B.

B1 stand for item o of the-ravel-list of B.

N stand for the count of B:

P stand for J+ (Nx ¢(F-=1)).

vector-item P of the ravel-list of Z1 along-axis one is 41TB1.

APL Standard
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Examples:

10 10 1071123
123

10 10 107123 456
u
2 5
6
A<11 3p10 16 2
'0123u567894ABCDEF'(8 14+AT1000 102u]
00{000001000

000000003 ES8
01111101000

00000001024
00j0o00000uH00
10000000000

2227171

111

02271 "1

111

01T 3.75 "3.75
3 y

0.75 0.25

Note: The shape of the resuit of representation is always (p&°) ,pB.

The system-parameter comparison-tolerance is not an implicit argument of representation.

10. Mixed Functions 141


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

1SO 8485 : 1989 (E)

10.2.10 Dyadic Transpose
Z<«A408B

Informal Description:  Z is an array formed by rearranging and possibly coalescing the axes of B
according to the vector 4. Each element of A corresponds to an axis of B by position and to an
axis of Z by value. The largest value in A determines the rank of Z. All axes of Z must be
present in A. If A contains no repeated elements, the shape of Z is (pB)[A4]. Repeated
elements in A select diagonals from B. The length of the corresponding axis of Z is the shortest
of the length i i igi

Evaluation Sequence:

If index-ofigin is nil, signal implicit-error.
If A is alscalar, set 41 to ,A.
Otherwiseset 41 to A.

If A1 is pot a vector, signal rank-error.

If the length of A1 is not the same as the rank of B, signal length-error.

If any ite;'} of the ravel-list of 41 is not a near-integer, signal domain<error.

Set A2 fo the integer-array-nearest-to A41.

Generate | A3, a numeric array with the shape-list of 42 such that each item of the ravel-list |of
A3 is (oje minus index-origin ) plus the corresponding elementof 42.

If A/A3le1l/0,43 evaluated with comparison-tolerance set to zero is not one, signal
domain-¢rror.

If A/(1f /0,43 )eA3 evaluated with comparison-tolerance set to zero is not one, signal
domain-€rror.

Return an|array Z having the following properties:

The rankof Zis [ /0,43.

The type of Z is the same as the type of B.

The shape-list of Z is such that for:all I in the index-set of the shape-list of Z, item I of the
shape-list of Z is L/ (A3=I1)/pB, evaluated with comparison-tolerance set to zero.

The rayel-list of Z is such that.-for all ¢ in the index-set of the ravel-list of Z, item o of the
ravelilist of Z is item 1+(pB )L ((pZ)TJ-1)[A3] of the ravel-list of B.

Examples:

1|3 28N23u4
111 121|131
112 122|132
113 123|133
114 124 13y

211 221 231
212 222 232
213 223 233
214 224y 23y

1 18N3u4
11 22 33
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3 1 28N23Y4
111 211
112 212
113 213
114 21y

121 221
122 222

123 223
124221

131 231
132 232
138 233
13% 23y

pp(10)85
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10.2.11 Take

Z « A

¢+ B

Informal Description:  Z is an array having shape , | 4. Informally, Z is a corner of B. The cho
of corner is based on the signs of the elements of 4. If the absolute values of elements of 4 are
greater than corresponding elements of pB, Z is padded with the typical-element of B.

Evaluation Sequence:

ice

If the rankof 2 is greater-than one, signal rank-error.

Set 41

to , 4.

If Bis I scalar, set B1 to ((p41)p1)pB.

Otherwis

,set B1toB.

If the shape-list of 41 does not match the rank of B1, signal length-error.
I

If any ite
Set 42

Return an
|42, arn

of the ravel-list of 41 is not a near-integer, signal domain-error:
to the integer-array-nearest-to A41.

array Z such that the type of Z is the same as the type of B, the shape-list of Z is
d the ravel-list of Z has the property that for each scalarZ in the index-set of the

ravel-list of Z, item I of the ravel-list of Z is determined as follows:

Let
set to
If eac]
elen
Other

Examples:

31 32
41 42

[ el 0 1

zero.

h element of ¢/ is in the open-interval-between negative-one and the corresponding
nent of pB1, item I of the ravel-list of Z is\"( ,B1)[1+(pB1)1J].
wise, item I of the ravel-list of Z is the(typical-element of B.

4+N5

T24N5

T2 64Nuy

3 34 00
3 44 0.0
Y489

J stand for ((|A2)7I-1)+(42<0)xA2+pBevaluated with comparison-tolerance

[eNeoNoNe]
[eNeoNoNe]

[eNeoNeoNo]
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- 10.2.12 Drop

Z « A4 v B

Informal Description: Z is a corner of B with shape Ol (pB)-|4. The choice of corner is based
on the signs of the elements of 4.

Evaluation Sequence:

If the rank of 4 is greater-than one, signal rank-error.
Set 41to ,A.

If| B is a scalar, set B1to ((p41)p1)pB.
Otherwise, set B1 to B.

Ifthe shape-list of 41 does not match the rank of B1, signal length-error.
Iflany item of the ravel-list of A1 is not a near-integer, near-integer, 'signal domain-error.
Set A2 to the integer-array-nearest-to A1.

Return  (((42<0)x0lA2+pB1)+(A220)x0LA2-pB1) "+ B1 evaluated with
comparison-tolerance set to zero.

Examples:
1+N5
2|13 4 5
2 T1vNuy
31 32 33
y1 42 y3
pl+5
0
pO+5
1
pl 2 3vuy
0(0 O
"{’5
5
pp'IAS
0
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10.2.13 Matrix Divide

Z « A

8 B

Informal Description:  Z is the least squares solution to a linear system specified by 4 and B.

Evaluation Sequence:

Additional Refjuirements:

The round-off|criterion discussed above is not specified by this standard.

Note: The followig article, Martin, G. A., The Solutions of Linear Systems ja)APL: Towards An Extension of Matrix Divide APL&(
Noordwijkerhout June 24-26, 1980 — Published by Gijsbert van der Linden;~North-Holland Publishing Company Amsterdam. New
York. Oxford, desgribes an acceptable algorithm for matrix division.

The following document also deals with this subject: Jenkins, M, @A;; Domino — An APL Primitive Function for Matrix Inversion —
Its Implementatior| and Applications. APL Quote-Quad Vol lll(Ng~4, February 1972, pp. 4-15.

146

If the rank of 4 or the rank of B is greater-than two, signal rank-error.
Set Alto (24(pd),1 1)pA.

Set Bilto (Z*(pBJ),1I 1J)pBE.

If 14p41 is notthe same as 1+4pB1, signal length-error.

If 14pB1islesssthan ~14pB1, signal length-error.

If any item of the ravel-list of 4 is not a number, signal domain-error.

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

Use the implementation-algorithm matrix-divide to generate an array Z, such thatthe type of }
numeric, the shape-listof Z is (T1+pB1), 14pA1, and the ravel-list of. Z has the proper

that for
+/ (41

If Z canjnot be uniquely determined within a reasonable round-off cfiterion by the above
constraipts, signal domain-error.

Return

pach scalar I in 1 14pA1, Z[;I] is such that it minimises
[sI]-B1+.xZ[3I])x%2.

((1+vpB),1+pd)pZ.

ty

APL Standard
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10.2.14 Indexed Reference
Z <« A[I]

Informal Description: Z is an array consisting of elements of the array 4 selected and structured
by the position and values of the arrays in the index-list I. Uses index-origin .

Evaluation Sequence:

If the number-of-items in the index-list I is not the same as the rank of 4, signal rank-error.
In|the following,

Let IX stand for (array) item X of I.
Let JX stand for (array) item X of .J.
Let LX stand for (array) item X of L.
Let LY stand for (array) item X+1 of L.

Gée¢nerate  J, an list of arrays having the count of I, such that for'€évery member X of the
dex-set of I,

If IXis an elided-index-marker, set JXto ~1+1(pAJLX].
Otherwise,

If any item of the ravel-list of IX is not a near-integer, signal domain-error.
Set JX to the integer-array-nearest-to ZX.

Set JX to JX minus index-origin .

If any element of JX is not an elementof ~1+1 (p4)[X], signal index-erfor.

Set JXtodX x x/ XvpA.
Generate L, a list of arrays with +ppA (array) items such that

item 1+ppd of L is one.
Forall Xini1ppd, LXVisJX o.+ LY.

Let K stand for first-item,in the list of arrays L.
Return  (,4) K]
Examples:

12 3[2]
2

N222[2 13:2]
212222
112 122

Note: Since an index-list can never have zero items, indexing will always signal rank-error when argument A4 is a scalar.

The vector indexing on which this subsection is 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 V
selected by the position and values of the arrays in the index-list I to corresponding elements
of B. Note that, at this stage, V is known to be a variable-name, not a value. Uses index-origin .

Evaluation Sequence:

If index-qrigin-isnil—si i fcits
Set A tp the current-content of V.

If the number-of-items in the index-list I does not match the rank of 4, signal rank-error.

In the follpbwing,

Let |IX stand for (array) item X of I.
Let [JX stand for (array) item X of J.
Let [LX stand for (array) item X of L.
Let |LY stand for (array) item X+1 of L.

Generate| ¢, an index-list having the same count as I such that for every item X of the
index-sét of I,

If X is an elided-index-marker, set JX to ~“1+1 (pd) [X].
Othenwise,

flany item of the ravel-list of IX is not a-near-integer, signal domain-error.

Spt JX to the integer-array-nearest-to - IX.

Spt JX to JX minus index-origin ...

flany element of JX is not an élement of ~1+1 (p4)[X], signal index-error.

Set |JXtoJdX x x/ XvpA.
Generate| L, an index-list with 1+ppA (array) items such that

Item L+ppd of L is one,
Forall Xini1ppdnLXisdX o.+ LY.

Let K stanpd for first-item in the list of arrays L.

Set K1ilto ((1%pK)/pK)pK evaluated with comparison-tolerance set to zero.
Set B1fto"((1zpB)/pB)pB evaluated with comparison-tolerance set to zero.

If B1is a scalar, set B2 to (pX1)pB1.
Otherwise, set B2 to B1.

If the rank of K1 is not the same as the rank of B2, signal rank-error.

If any item of the shape-list of K1 is not the same as the corresponding item of the shape-list of
B2, signal length-error.

If K1 is not empty and the type of 4 differs from the type of B, signal domain-error.

Set M to one.

Repeat:
If M is not greater-than the count of K1,

Let K2 stand for item M of the ravel-list of K1.
Set item K2 of the ravel-list of 4 to item M of the ravel-list of B.

Set M to M plus one.
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Set the current-referent of I/ to a token whose class is variable and whose content is 4.
Return a token whose class is committed-value and whose content is B.

(End of repeated block)

Examples:

Xe1l 2 3

PR NN e

Ry

1
pl
1
1
Additi

The e
has b

Index
V sha

Note:

UeX13 2]J€4 5
5
X
54
JeY<N222
11 112
21 122

11 212
21 222
O«¥Y[2 1;3;1]«N12121
1111
1121

2111
2121
Y
2111 112
2121 122

1111 212
1121 222

pnal Requirements:

baluation sequence requires that the value of A [ 1] after the statement 401 1 1

pen evaluated _be-3.

l«1 2 3

d assignmient exhibits atomic behaviour. If indexed assignment signals an error, the value of

| be unchanged.

$incé an index-list can never have zero items, indexing will always signal rank-error when argument 4 is r scalar.
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11 SYSTEM FUNCTIONS

111 INTRODUCTION

Note: System functions are primitive functions whose names are distinguished-identifiers 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| DEFINITION

Note: [Some system funct)‘ons take an argument which is treated as an identifier-array.

—
(o)

entifier-Array: A character array of rank two each of whose rows_matches the
character-diagram identifier-row.

11.3| DIAGRAM

Identjfier-Row

> > simple >
l_ —l idewtifier L _I
<—space <—space
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11.4 NILADIC SYSTEM FUNCTIONS

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 variable is that a niladic system function causes an error to be
signalied if its name is included in the list of locals of a defined function header.

11.4.1 Time Stamp

Z <« 0TS

Informal Des¢ription: Z is a seven-element numeric vector representing the current date @nd time

relative 19 an epoch and a time zone. The choice of epoch and time zone are not specifiéd by this
standard.

Evaluation Sequence:

Return thie seven-element numeric vector result of the implementation-algorithm time-stamp.

Example:

prs
1788 7|14 11 14 45 586.4

Additional Rdquirements:
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 epgch

and time zone. The hour corresponds to the numberof integral hours that have elapsed within the
current day.

The seventh jand last element is a quantity, .not necessarily integral, representing the milliseconds
that have elgpsed within the current second.

The accuracy, resolution, epoch, and time zone for time-stamp are not specified by this standard

152 APL Standard


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

11.4.2 Atomic Vector
Z <« [04v

Informal Description: Z is an implementation-defined character vector containing every element of
the character-set exactly once.

Evaluation Sequence:

Note: The elements of the atomic-vector are often ordered so that, in index-origin zero,
((r2pp0AV)p2)TOAV 1 ' X" gives the bit representation of ' X '. This behaviour is not required.

11.4.3] Line Counter
Z|<« 0OLC

Informal Description: Z is a vector of statement numbers of acfive functions ordered so|that the
most recently called function has the lowest index.

Evaluation Sequence:

Set Y to a numeric vector whose length is the same as the number-of-items in the
state-indicator, such that for every I in 1pY, Y.[.I] is the 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.
Segt M to a Boolean vector whose length is'the same as the number-of-items in the
tate-indicator, such that for every I in*tpM, M[I] is one if the mode of item I of the
tate-indicator is defined-function, and-zero otherwise.
Return M/Y.

Note: Tlhe operations that affect the value of OLC are agiscussed in the subsection defined-function-control.
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11.5 MONADIC SYSTEM FUNCTIONS

Note: Refer to the Defined Functions chapter for definitions of [JFX ana OCR.

11.5.1 Delay

Z « 0ODL B

Informal Des
ODL cau

Evaluation Se

Set T0O

If B is not a scalar, signal rank-error.

If Bisn

Set T1

Wait until

Return
To.

Note: B may

iption: Z is the time, in seconds, for completion of this operation. As a side effeqt
s a delay in execution of at least B seconds.

uence:

to current-time seconds.

ot a number, signal domain-error.
to 770 plus B.

current-time is not less-than 7'1.
7, a numeric scalar such that the first-item in the ravel:list of Z is current-time minus

be fractional or negative.
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11.5.2

Z

ISO 8485 : 1989 (E)

Name Class

< ONC B

Informal Description: Z is a vector of name classes giving the usage of the identifier in t
corresponding row of B. 0 means an identifier is available without current referent;

2-

a variable or a shared variable; 3, a defined function.

Evaluation Sequence:

he
1 a label;

he rank of B is greater-than two, signal rank-error.

If | Bis empty, return 10.

S Bito (7241 1,pB)pB.

If any row of B1 does not match identifier-row, signal domain-error.

Gé¢nerate Z, a numeric vector such that the length of Z is the same as the'-number-gf-rows in
1, and the ravel-list of Z has the property that for every I in 11+pB;the following holds:
Let ZI stand for item I of the ravel-list of Z.
Let NV stand for the token that matched the character-diagram-simple-identifier in the

identifier-row.

If the current-class of N is nil, ZI is zero.
If the current-class of NV is label, ZI is one.
If the current-class of N is variable or shared-variable, ZI is two.
If the current-class of N is defined-function or niladic-defined-function, ZI is three|
Otherwise, signal domain-error.

Return Z.

Example:
V Z<«TEST3;R03R21;R22;R313;R32
[1] R1:R21<«1 0OSVO 'R22!
2] Z<0OFX 1 3p'R31"
[3] Z<0OFX 1 Sp'R32 X!
Cu] Z<0ONC 6 3p'R0O R1 R21R22R31R32'"
v
TEST
0|1 2 2 323
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11.5.3 Expunge
Z « 0EX B

Informal Description: Z is a Boolean vector such that an element of Z is one if the identifier in the
corresponding row of B is available for use when the operation completes. Expunge changes the
current-referent of symbols whose current-class is variable, shared-variable, defined-function, or
niladic-defined-function to nil, making them available for redefinition. The symbols to be changed
are named by the rows of B, an identifier-array.

Evaluation Se[uence:

If the rank of B is greater-than two, signal rank-error.
Set Bi|to (T241 1,pB)pB .

For each |row J of B1,

If row J of B1 does not match identifier-row, signal domain-error.

Let [N stand for the token that matched the character-diagram simple-identifier in
identifier-row. )

If the | current-class of N is shared-variable, retract N.

If the jcurrent-class of N is variable, set the current-referent of N to a token whose class is [nil.

If the | current-class of NV is defined-function or niladic-defined-function, and if the

curlrnt-referent of N is locally-erasable, set the current-referent of N to a token whose class
is nil.

Return ~x[NC B.
Additional RTuirement:

The operatio
unchanged.

of Expunge is atomic: if Expunge.signals an error, current-referents shall be

Note: Because gf the gefinition of locally-erasable, a defined-function cannot be expunged by a conforming-program while it is
pendent or waitihg. This does not prevent a conforming-implementation from permitting such behaviour; it simply leaves the
consequences to a conforming-program undefined until some future standard.

11.5.4 Namep List
Z « ONL B
Informal Description: Z is an identifier-array. An identifier occurs in Z if its name-class is in B

Elements|of B can be: 1, for labels; 2, for variables or shared variables; 3, for user defined
functions

Evaluation Sequence:

If the rank of B is greater-than one, signal rank-error.

If any item of the ravel-list of B is not a near-integer, signal domain-error.

Set B1 to the integer-array-nearest-to B.

If B1 contains any numbers other than one, two, or three, signal domain-error.

Generate Z, an identifier-array consisting of the names of symbols whose current-class is label,
variable, shared-variable, niladic-defined-function, or defined-function. The symbol names are
left-justified in the rows of Z, and Z has no all-blank trailing columns.

Return ((ONC Z)eB1)#Z.

Note: The rank of Z is always two. If there are no symbols with a name-class designated in B, Z.is0 Op'"'.
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11.5.5 Query Stop

Z « 0OSTOP B

8485 : 1989 (E)

Informal Description: Z is an integer vector of line numbers in the function whose name is B that

have stop control set.

Evaluation Sequence:

If the rank of B is greater-than one, signal rank-error.

If|]B does not match identifier-row, signal domain-error.

Return the stop-vector of the current-content of N.
Additjonal Requirement:

Query Stop is part of the optional-facility Trace-and-Stop-Control.

Note: |Query Stop is not origin sensitive.

If no lihes have stop control set, the result is 10.

11.5.p Query Trace

4 <« OTRACE B

Let N stand for the token that matched the character-diagram simple-identifier in idLntiﬁer-row.
If[the current-class of N is not defined-function or niladic-defined-function, signal’‘domain-error.

Informal Description: Z is an integer vector/of line numbers in the function whose name is B that

are being traced.

Evalyation Sequence:

Iffthe rank of B is greater-than' one, signal rank-error.
| B does not match identifier-row, signal domain-error.
t N stand for the token that matched the character-diagram simple-identifier in i
Ifthe current-class©f)V is not defined-function or niladic-defined-function, signal do
eturn the trace‘vector of the current-content of N.

Additional Requirement:

Querly Trace-is’part of the optional-facility Trace-and-Stop-Control.

Note: |Quéry Trace is not origin sensitive.

:fntifier-row.
ain-error.

iIf no lines are being traced, the result s TU.
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11.6 DYADIC SYSTEM FUNCTIONS

11.6.1 Name List

Informal Description:

Z <« A ONL B

a letter in

a.

Z is an identifier-array of all names having a name-class in B that begin with

Evaluation Se

11.6.2 Set S

Informal Desdription:  Z is a numeric vector representing the stop controls in effect for the functi

Evaluation Se

" Ifthe cur

If the rank of 4 is greater-than one, signal rank-error.

If any ite
Set 2Z1
If OepZ
Return

Z <« A

whose na

controls for the function whose name is in B at lines specified by 4.

If the ran! of B is greater-than one, signal rank-error.

If B do
Let Ns

If the ran:\ of 4 is greater-than one, signal rank-error.

If any ite
Set A1
If any ite
Set Zt
Let Ms
Set the s
one.

uence:

of the ravel-list of 4 does not match letter, signal domain-error.
to ONL B.
1, return Z1.
(Z1[:11eA)#21.

top

1STOP B

me is in B before OSTOP began evaluation;, As a side effect, DSTOP sets stop

luence:

s not match identifier-row, signal domain-error.

of the ravel-list'of 4 is not a near-integer, signal domain-error.

to the integer-array-nearest-to 4.
of the raveklist of A1 is not a positive-integer, signal domain-error.
0STOPR B:

and for-the last-line-number of the current-content of N.

and for the token that matched the character-diagram simple-identifier in identifier-row.
Fent-class of N is not defined-function or niladic-defined-function, signal domain-errox.

fop-vector of the current-content of Nto ((1M)eAd1) /1M, evaluated with index-ori

Return

4.

Additional Requirement:

Set Stop is part of the optional-facility Trace-and-Stop-Control.

Note: Stop controls are an attribute of defined-function objects. USTOP affects the current-referent of B only.
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11.6.3 Set Trace

Informal Description:

Z

< A 0OTRACE B

Z is a numeric vector representing the lines being traced in the function

whose name is in B before OTRACFE began evaluation. As a side effect, JTRACE begins
tracing the lines specified by 4 in the function whose name is in B.

Evaluation Sequence:

Additjonal Requirement:

Set Tfrace is part of the optional-facility Trace-and-Stop-Control.

If
L
If

Return Z.

Note:

lfrhe rank of B is greater-than one, signal rank-error.

Iflany item of the ravel-list of 4 is not a near-integer, signal domain-error.

Skt the trace-vector of the current-content of N to ( (1M )ed1) /1M, evaluated with

B does not match identifier-row, signal domain-error.
the current-class of N is not defined-function or niladic-defined-function, signail do
the rank of 4 is greater-than one, signal rank-error.

bt A1 to the integer-array-nearest-to 4.

any item of the ravel-list of 41 is not a positive-integer, signal domain-error.
bt Z to OTRACE B.

bt M stand for the last-line-number of the current-contentof N.

Trace controls are an attribute of defined-function objects. [T RACE affects the current-referent of H

t N stand for the token that matched the character-diagram simple-identifier.in i:zltiﬁer-row.

in-error.

index-origin

only.
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12 SYSTEM VARIABLES

12.1 DEFINITIONS

System-Variable-Symbol: A symbol, having as its name a distinguished-identifier, and as its
referent-list a list of tokens representing the value assignhed to an associated system-parameter
in each context of the state-indicator.

Nate: System parameters are values used implicitly and set as side effects by primitive operations.

Internai-Value-Set: An implementation-defined set of values that the tokens in the referent-list of a
system-variable-symbol can take on.

Note: When a system-variable-symbol is localised the initial class of its associated system-parameter is nil. If|a primitive
operatipn is invoked that requires a system parameter whose class is currently nil, the primitive.operation signaly implicit-error.
Therefqre, a conforming-program that localises system-variable-symbols should assign themrvalues from their
interna{-value-set before calling primitive operations that require them.

The asgignment operation for a system variable rejects attempts to set its associated system parameter to a valug outside its
internal-value-set.
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12.2 EVALUATION SEQUENCES

12.2.1 Comparison Tolerance

Z « OCT <« B
Z <« 0Ocr

Informal Desc

The distan
of compari

r
Evaluation SeI:ence:

For form

Return

For form

If the
If the
Let
If
If

Additional Requirements:

The internal-v3lue-set for comparison-tolerance consists of nonnegative-numbers not greater than

implementatio

The initial vald
for comparisop-tolerance given by the implementation-parameter initial-comparison-tolerance.

Note: The followi

index of, less thar

162

B1
B1 is not in the internal-value-set of comparison-tolerance , sngnal limit-error.
Set c9

Return

ription: Z is the current value of comparison-tolerance .

ce within which numbers are to be considered equal by certain primitives is a functi
on-tolerance .

D

acr
comparison-tolerance .
OCT « B

rank of B is greater-than one, signal rank-error.
count of B is not one, signal length-error.

B1 be the first-scalar in B.

| is not a nonnegative-number, signal domain-error.

mparison-tolerance to B1.
a token whose class is committed-value and whose content is B.

h-parameter comparison-tolerance-limit.

e of comparison-tolerance in a clear-workspace is that member of the internal-value

hg subsections reference comparison-tolerance : ceiling, equal, floor, greater than or equal to, greater than
or equal to, less than, member of, not equal, and residue.

APL Standard.
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12.2.2 Random Link

Z « ORL « B
Z <« ORL

Informal Description: Z is the current value of random-link ; random-link is the current seed of the
pseudorandom number generator.

Evaluation Sequence:

For form URL
Return randbm-link .

Forform 0ORL <« B

If the rank of B is greater-than one, signal rank-error.

If the count of B is not one, signal length-error.

Set B1 to the first-scalar in B.

If B1 is not a near-integer, signal domain-error.

Set B2 to the integer-nearest-to B1.

If B2 is less-than one, signal domain-error.

If B2 is not in the internal-value-set for random-link.; signal limit-error.
Set random-link to B2.

Return a token whose class is committed-value and whose content is B.

Additipnal Requirements:
The ipternal-value-set of random-link is implementation-defined.

The initial value of random-link in a cleariworkspace is that member of the internal-value-get for
random-link given by the implementation-parameter initial-random-link.

Note: The system parameter random-link_iS\uséd and set by roll and deal. Roll gives a reference for a suitable ajgorithm.
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12.2.3 Print Precision

Z « OPP « B
Z <« 0OpP

Informal Description:  Z is the current value of print-precision , which controls the number of
significant positions in the output form produced by monadic format and
numeric-output-conversion.

Evaluation Sequence:

For form | OPP
Returh print-precision .
For form | OPP <« B

If the [rank of B is greater-than one, signal rank-error.

If the |count of B is not one, signal length-error.

If  Blis not near-integer, signal domain-error.

Set |B1 to the integer-nearest-to the first-scalar in B.

If Bj is less-than one, signal domain-error.

If B[l is not in the internal-value-set of print-precision , sighal'limit-error.
Set ;Iint-precision to B1.

Returp a token whose class is committed-value and whése content is B.

Additional Reqjuirements:

The internal-value-set of print-precision consists of the.integer scalars in the closed-interval-between
one and print{precision-limit.

The initial valpe of print-precision in a clear-workspace is that member of the internal-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-lim
should be greatef than or equal to full-print-precision.
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12.2.4 Index Origin

Z « 0I0 <« B
Z <« 010

Informal Description: Z is the current value of index-origin , which is the index associated with the
first position of any axis of non-zero length.

Evaluation Sequence:

Forform [0OIO0

Return index-origin .

n

br form [0I0 <« B

If the rank of B is greater-than one, signal rank-error.

If the count of B is not one, signal length-error.

If B is not a near-integer, signal domain-error.

Set B1 to the integer-nearest-to the first-scalar in B.

If B1is notin the internal-value-set of index-origin , signal limit-error.
Set index-origin to B1.

Return a token whose class is committed-value and \whose content is B.

Addit[:mal Requirements:

The ipternal-value-set for index-origin is the scalar-integer values zero and one.
The ipitial value of index-origin in a clear-workspace is that member of the internal-value-set for
index-origin given by the implementation-parameter initial-index-origin.

Note: |The following primitive operations refer to\index-origin : deal, dyadic transpose, grade down, grade up, index generator,
index pf, indexed assignment, indexed reference,/roll, and all functions that provide for axis specification when the form
contaifing an axis is used.
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12.2.5 Latent Expression

Z « OLX « B
Z « 0OLX
Z « OLX[I] <« B

Informal Description:

executed when a workspace is activated.

Evaluation Sequence:

For form

arx

Return latent-expression .

For form

If the
If any
If B

Retur

OLX <« B

rank of B is greater-than one, signal rank-error.
item of the ravel-list of B is not a character, signal domain-error:
is not in the internal-value-set of latent-expression , signal limit-error.

Set IItent-expression to , B.

For form

Set

Set |
Retur

Additional Re

The internal-

a token whose class is committed-value and whose content is B.

OLX[I] « B

LX to latent-expression .

tent-expression to L X.
a token whose class is committed-value and whose content is B.

EvaIU{te LX[I] <« B.

huirements:

lue-set for latent-expression, is .an implementation-defined subset of the set of all

character vectors which includes the empty vector. ‘

The initial valpe of latent-expression in’a clear-workspace is that member of the internal-value-set

latent-expres

ion given by the implementation-parameter initial-latent-expression.

|
|
i 166 APL Standard

Z is the current value of latent-expression , which is a character vector that is

for


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

ISO 8485 : 1989 (E)

13 DEFINED FUNCTIONS

13.1 INTRODUCTION

Note: Algorithms written in APL are called defined functions. A defined function consists of a header line and zero or more
body lines. The header line indicates the name and syntax class of the function and gives a list of names to be localised ana, 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 uniess a statement beginning with a right

i V-l

A defined function is established in a workspace by the system function grx , by actions in function definition mode, or by the

and stgp-vector. A defined-function is called when its name occurs in a prefix of the current-stack matching on¢ of the patterns

A defii function is called by the operation call-defined-function. This operation prefixes the’state-indicator with a new
context, localises and initialises any local names in the header-line, and calls the evaluation sequence in the supsection

A defll function ends the evaluation if defined-function-control finds current-line-pumber set to a value not in the

interval-between one and last-line-number. At this point, the first item of the state-indicator is discarded
suit is returned, via call-defined-function, to the phrase-evaluator that'called it.

If a ling in a defined-function signals an error, immediate-execution-is called to report the error and suspend the
function. Immediate-execution may return either a branch to indicate that evaluation of the defined-function should
. continge, or an escape or clear-state-indicator to indicate that'the defined-function context shouid be removed|from the

state-ipndicator.

|and a token of

' commana).
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13.2 DEFINITIONS

Note: The following term defines the subset of arrays that can be used to create defined-functions.
Proper-Defined-Function: An array A is a proper-defined-function if

The type of 4 is character.

The rank of 4 is two.

A has at least one row.

The first row of 4 matches the character-diagram header-line.

No i [¢] iS the distinguished-identifier J or [J or is a
system-function-name or niladic-system-function-name.

All rqws after the first in 4 match the character-diagram body-line.

Note: The followling definitions give properties of arrays that are proper-defined-functions.

Niladic: |4, an array that is a proper-defined-function, is niladic if the form of-thé’first row of 4
is niladjc-function-header.

Monadic:| A, an array that is a proper-defined-function, is monadic if the form of the first row of
A is monadic-function-header.

Dyadic: | A, an array that is a proper-defined-function, is dyadic.if the form of the first row of i is
dyadic-function-header.

Value-Returning: 4, an array that is a proper-defined-function, is value-returning if, when
headeriline is threaded with the first row of 4, the diagram result is threaded.

Note: The followling terms categorise defined-functions according to_their presence on or absence from the state-indicatof.

Suspended: N, a simple-identifier, is suspended if it is the function-name of a context that
immed|{ately follows an immediate-execution context.

Pendent: | N, a simple-identifier, is pendent if it is the function-name of a context that does not
immedi{ately follow an immediate-execution centext.

Waiting: | N, a simple-identifier, is’'waiting if a token whose class is defined-function-name and
whose fontent is the content. of N occurs in the stack of some context in the state-indicator |of
the active-workspace, and_ is not the first defined-function-name in that stack.

Note: For example, if F' ana)G.are defined function names, G is waiting during the evaluation of (F 2 ) in the line

(F 2) ¢ 3.

Editable: | N, a‘simple-identifier, is editable if the current-referent of N is nil, or if all the foliow ing
are true:

The current-class of IV is defined-function or niladic-defined-function.
The number-of-items in its referent-list is one.

N is neither pendent nor waiting.
N, if suspended, is suspended in only the current-context.

Note: This aefinition requires that a conforming-implementation be capable of editing the top function on the state
indicator as long as it has not been localised and occurs nowhere else on the state indicator. This minimal definition is
included to be certain that all conforming-implementations be capable of interactive program correction.

Globally-Erasable: Globally-Erasable is defined for N, a simple-identifier, as follows:

If no context of the state-indicator contains, in its current-statement, a defined-name with
content that of N, then N is globally-erasable.

Otherwise, let L be the last (most global) context in whose local-name-list N appears.

If there is no such context then IV is not globally-erasable.

Otherwise, let C be the last (most global) context in whose current-statement a defined-name
with content that of N appears.
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If the index of L is greater-than or equal to that of C then N is globally-erasable.
Note: informally, N is globaily-erasable if it was localised before it was made waiting or pendent.
Locally-Erasable: Locally-Erasable is defined for N, a simple-identifier, as follows:

if no context of the state-indicator contains, in its current-statement, a defined-name with
content that of N, then N is locally-erasable.

Otherwise, let L be the first (most local) context in whose local-name-list N appears.

if there is no such context then N is not iocaiiy-erasabie.

Otherwise, let C be the first (most local) context in whose current-statement a defined-name
with content that of N appears.

If the index of C is greater than that of L, then N is locally-erasable.

Q

lte: Informatly, N is locally-erasable if it has been localised since the last time it was made waiting or pg@ndent. This
inition is used in JEX to specify that the expression (OEX'F') F 1 bethesdmeas O F 1;|itis usedin
"X to specify that the expression (OFX 1 1p'F') F 1 signal a domain‘error.

]

Note: The following operations provide information about arrays that are proper-definéd-functions.

Fynction-Name of A: For A a proper-defined-function, the simple-identifier that matchls
function-name when the character-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 numbef-of-rows in
A.

Header-Name-List of 4: For A4 a proper-defined-function, a list of identifiers developed as follows:

Thread the character-diagram header-line with the first row of 4.
Return a list of tokens consisting of identifiers that matched any of the character-djagrams
local-name, result-name, left-argument-name, or right-argument-name.

Label-Name-List of 4: For 4 a proper-defined-function, a list of simple-identifiers developed as
follows:

Set Z to the empty-list of tokens.
For each index I in)the closed-interval-between one and last-line-number of 4,

Thread theZcharacter-diagram body-line with row I plus one of A.
If labelled-line was matched, append the simple-identifier token that matched|the
character-diagram label-name to Z as a new last item.

Return® Z.

Local-Name-List of A: For A a proper-defined-function, a list of identifiers consisting ¢f the
label-name-list followed by the header-name-list.

Identifier-Matching D in A: For A a proper-defined-function and D a character-diagram, a
simple-identifier token developed as follows:

Thread the character-diagram header-line with the first row of 4.

Return a token of class simple-identifier whose content is the list 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 a proper-defined-function, a list of characters developed as follows:

Thread the character-diagram body-line with row I plus one of 4.
Return the list of characters that matched the character-diagram line in body-line.

Note: The following operations affect symbols.
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170

Localise N:

Append a new first item, a token of class nil, to the referent-list of the symbol-named-by N.

Delocalise N:

If the current-class of IV is shared-variable, retract N.
Remove the first item from the referent-list of the symbol-named-by N.

Current-Canonical-Representation: The canonical-representation of the current-function of the
current- i f

Current-Function-Line I: Function-Line I of the current-canonical-representation.
Current-Last-Line-Number: The last-line-number of the current-canonical-representation.

Current-Stpp-Vector: The stop-vector of the current-function of the current-context in the

Current-Ldcal-Names: The local-name-list of the current-canonical-representation.

Current-Right-Argument-Name: The identifier-matching right-argument-name in the
current-tanonical-representation.

Current-Left-Argument-Name: The identifier-matching left-argument-name in the
current-canonical-representation.

Current-Ré¢sult-Name: The identifier-matching résult-name in the
current-canonical-representation.
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13.3 DIAGRAMS

In these diagrams,

b stands for permitted-bianks.
r stands for required-blanks.

Header-Line

>>—|b —— result —— b — form — b —— locals—list 1>

Example:

Z « 4 F Bsc;0I10

Note: [he header line indicates the name and syntactic class of the defined-function. It also gives a list of identifiers to be
localis@d when the defined-function is called.

This standard does not provide for end-of-line comments in header lines:

Result
>>———— result—name — b -~ assignment—arrow —>>
Result-Name
>>—1+— simple—identifier —>>
Form
> >~ niladic—function—header —>—
—>— monadic—function—header —>—
L—>— dyadic—function—header —>— >>

Niladic-Function-Header

>>————— function >>
—name

Monadic-Function-Header

>>———— function r — right ——>>
—name —argument

—name
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Dyadic-Function-Header

>>——— left ——— r — function
—argument —name
—name

Right-Argument-Name

r — right
—argument
—name

>>

>>———1 simple—identifier >>
Left-Argument-Name
>>—— simple—identifier >>
Locals-List
<
>>——|:>- local b — 1local b _] >>
—marker —name
Colon
>
>>
Local-Marker
>
>>
Function-Name
>>—— simple—identifier >>
Local-Name
>> identifier >>
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Label-Name
>> simple—identifier >>
Body-Line
>>—— b ——>— 1labelled—line —>— >>
—>———— line —>—
Labeljed-Line
>>—t—— label—name — b — colon — b — 1line >>
Permijtted-Blanks
>

L J >>
<— blank —<

Requjred-Blanks

>> >=— blank —>— >>

<
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13.4 OPERATIONS

13.4.1 Call-Defined-Function

Z
Z <« DFN B
Z « A DFN B

Informal Desgription:  Z is the value of the variable given as the result name in the header line. of
the defingd function whose name is DFN. If there is no result name, Z is nil.

Evaluation Sefqquence:
Generate|a new context in which

mode|is defined-function,

currept-line is the empty list of characters,
currept-function is the current-referent of DFN,
current-line-number is one,

current-statement is the empty list of tokens, and
stack|is the empty list of tokens.

Append the new context to the state-indicator of the active-workspace as a new first item.
Localise {he current-local-names.

Forform| Z « 4 DFN B

If cugrent-function is not dyadic, signal syntax-error.
Set tHe symbol-named-by current-left-argtment-name to A.
Set tHe symbol-named-by current-right-argument-name to B.

Forform| Z <« DFN B

If cugrent-function is not monadic, signal syntax-error.
Set tHe symbol-named-by current-right-argument-name to B.

For all indices I in the closed-interval-between one and current-last-line-number,

If row I plus one‘of- canonical-representation matches the diagram labelled-line, set the
cur?nt—referent of the simple-identifier that matches label-name to a token of class label and
content the-numeric-scalar with value I.

Set Z tpdefined-function-control.

Delocalise-the-current-local-names-

Remove the first-item in the state-indicator of the active-workspace.

If Z is escape, signal unwind.

Otherwise, return Z.

Note: Tokens of class escape are converted to tokens of class unwind 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

Form: Defined-Function-Control.

Informal Description: This procedure controls the execution of a user defined function.
Evaluation Sequence:

Set Z to a token whose class is nil.
Let I stand for current-line-number.
Set I to one.

Repeat:

If I is in the current-stop-vector, set attention-flag to one.
If Z is an error or attention-flag is one,

Set N to immediate-execution with Z.
If N is escape or clear-state-indicator, return N.
If N is branch, set I to the content of N.

If I is notin the 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, signal value-error.

Set Z to evaluate-line of current-function-line I.

If Z is escape, unwind, or clear-state-indicator, return Z.
If Z is branch, set I to the content of Z."

If Z is value or nil, set I to(Z)plus one.

P

Bnd of repeated block)
Note: |The attention-flag is reset by ‘the user facility enter.

The ciltss of the token returnéd-by evaluate-line for >1Q is nil, not branch.

The value-error signailed-from defined-function-control is signalled in the line that invoked the defined function; the error is
introdyced to prevent conforming-programs from exiting a defined-function with the current-class of the result-name set to
defineg-function, niladié-defined-function, or shared-variable.
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13.4.3 Function Fix
Z <« OFX B

Informal Description:  Z is, for B the canonical-representation of a defined function having
function-name N, a character vector holding N. As a side effect, the defined function that B

represents is established as the current referent of N. Rows of B that are all blanks give rise to
blank lines in the established function.

Evaluation Sequence:

If

Return a |character vector Z such that the length of. Z>is the number-of-items in the content of N
and the|ravel-list of Z is the content of V.
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13.4.4 Character Representation
Z « OCR B

Informal Description: Z is a character matrix representation of the defined function named by B.

Evaluation Sequence:

If the rank of B is greater-than one, signal rank-error.

If the length of B is zero, signal length-error.

If [ B does not match the character-diagram idenfifier-row, signal domain-error.

If {he current-class of B is not defined-function or niladic-defined-function, signal domain-error.

Otherwise return a token whose class is constant and whose content is the
anonical-representation of the current-content of B.

Additipnal Requirements:

The fdrmal model of APL used in this standard assumes that the internal.representation of a defined
functign is precisely the character matrix satisfying the requirementscfora proper-definedifunction

that wias supplied as an argument to function fix. Representation of defined functions in this way in
an implementation is neither required nor suggested.

The preservation of numeric literals and blanks as entered is desirable in the character
repregentation, but it is not required by this standard. [0CR Orx OCr OFX X shall be the
samelfas OCR OFX X, if X is a proper-defined-function;

If numeric-literals are stored as numbers in defined-functions, they are to be formatted with
print-precision set to full-print-precision.
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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 §.

Note: This subsedtion provides minimal facilities for the establishment and alteration of defined-functions.

An identifier can je edited by the function editing facilities only if it is is editable. The header line of a defined-function_tan be
altered only if thelmnction-name is locally-erasable.

In function-definifion mode, lines of the function being edited are temporarily associated with numbers in decimdl-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 dispiay of a fynction should be the same as the entries required to add the function to a clear-workspace.

This operation is ¢alled by immediate-execution when it recognises a function-definition-line.

Evaluation Sequence:

Thread opening-request with @Q; if @ does not match opening-request, signal definition-error.
Rethread (opening-request with @, taking the following actionst

When |creation-request is matched,

S G to the list of characters that matched.creation-request.

S N to the simple-identifier that matched function-name in G.

If the current-class of N is not nil and G'does not match identifier-row, signal
efinition-error.

When |change-request is matched,

S N to the simple-identifier'that matched the diagram subject-function in
hange-request.
S G to the list of characters that matched initial-request.

If the curgent-class of N isnil, set M to a new defined-function for which

Canonjcal-Representationis 0 Op' !
Stop-%ctor isa 0
Trace-Vectoris 1 0.

Otherwise

If N is not editable, signal definition-error.
Set M to the current-referent of N.

Generate a new context in which

mode is function-definition,
current-line is G,
current-function is M,
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current-line-number is the number-of-rows in the canonical-repreéentation of M,
current-statement is the empty list of tokens, and
stack is the empty list of tokens.

Append the context as a new first item to the state-indicator.
Repeat:

Set Z to evaluate-editing-request.
If Z is command-complete,

R Hre—firsteit - : - dicat 4 . I :
Return 2Z.

If Z is an error, display Z.
Set current-prompt to function-definition-prompt of current-line-number.
Set current-line to read-keyboard.

(End of repeated block)

Additipnal Requirements:

The prompt in definition mode is a line number enclosed in brackets. Line numbers are always

displayed in decimal-rational form. The line number of the header is always zero; it is not|affected by
index-prigin .
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13.5.2 Evaluate-Editing-Request

Evaluate-Editing-Request

Informal Description: This subsection acts on a singleiline of input to-the editor.

Evaluation Sequence:

Let C stand for the current-canonical-representation.
Let N stand for the simple-identifier that matches function-name in function-line.

Llet S
Let T

If
If
S

When

S
If

neral-request with current-line; if general-request does not match current-line,(8igng
-error.
, rethread general-request with current-line, taking the following actions:

positioning-request is threaded,

et L to the numeric-input-conversion of the list of characters that-matched line-nun
n positioning-request.

L is a negative-number, signal definition-error.

L is greater-than definition-line-limit, signal limit-error:
et current-line-number to L.

deletion-request is threaded,

et L to the numeric-input-conversion of the list of characters that matched line-nun
n deletion-request.

L is not a positive-number, signal definition-error.

L is greater-than definition-line-limit'signal limit-error.

et current-line-number to L.

elete from  C the row associated\with L, if it exists.

elete from S and T the item.associated with L, if it exists.

display-request is threaded; display function-dispiay of C.
function-line is threaded, if function-line does not match permitted-blanks,

current-line-number’is zero,

If function-line does not match header-line, signal definition-error.
If N is not locally-erasable, signal definition-error.

bt therpow of C associated with current-line-number to the list of characters that
matched function-line.

hber

hber

et

current-line-number is not an integer, or is greater-than current-last-line-number, sl

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

If
If

end-definition is matched,

C is not a proper-defined-function, signal definition-error.
identifiers are duplicated in the local-name-list of C, signal definition-error.

Set the current-referent of NV to a defined-function for which

Canonical-Representation is C.
Stop-Vector is S.
Trace-Vector is 7.

Return command-compiete.
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13.5.3 Diagrams
In these diagrams,

b stands for permitted-blanks.
r stands for required-blanks.

Opening-Request

>>—T— b —— del — creation—request —
change—request —mm——>>
Creation-Request
>>—+ header—line —>>
Change-Request
>>—1— b — subject — b — initiady —>>
—function —request

InitialtRequest

>>—— left >— any —> >>
—bracket | |
<<

General-Request

—<=% positioning —< —— function —
—request —line
>>—1b b

—>— deletion—request

—>— display—request

— end —2>>
—definition

Positioning-Request

>>— left — b — line ———— right >>

—bracket —number —bracket
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Deletion-Réquest

>>— left — b — delta — b — line ——— right >>
—bracket —number —bracket
Display-Request
>>— lef b guad b right
—bracket —bracket
Function-Line
>>— body—line —>>
End-Definition
>>>— b — del —@ b —>>
Line-Number
>>— decimal—rational — b —>>
Subject-Function
>>— simpgle—identifier —03
Delta Right-Bracket
>> >
A ]

>>
Left-Bracket
>

C
>>
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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-Variahle-Protacal is an aptional-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
prograqming language, that typically provides access to facilities in the underlying operating system, such as filg systems.

A shargd-variable can be shared by precisely two partners, each either a session or an auxiliary processor.
Conforrhing-programs that use the Shared-Variable-Protocol should document this fact, since the Shared-Variable-Protocol is not
a defing¢d-facility of this standard.
Operauons

There 3re conceptually four operations invoived in the Shared-Variable-Protocol: offer ‘retract, set, and reference.

Sharil
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 a shared-variable has been shared, assignments-«made to it in one session are visible {n the other

session.

In the @valuation sequences for the Shared-Variable-Protocol, sharing is’accomplished by appending tokens of class
sharedivariable to the shared-variabie-iist which-can be accessed by.all active-workspaces in the system.

Any Shared-Variable-Protocol operation may cause a session to-be delayed while another session changes a shared-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 apds a new

sharedtvariable to the shared-variable-list and returns the shared-variable to the offering session. The shared-variabie then
replaces the current-referent of the offered symbol.
There hre two forms of offers. A specific-offer identifies a particular session as the partner; the generai-offer dogs not.
Two offers match if both sessions use the.same shared-name and:

At least one of the offers is a speécific-offer.
Either specific-offer identifies the‘other session.

Consequently, two general-offérs) do not match.

Once Both sessions have'shared the shared-variable, the shared-variable is the current-referent of a symbol in poth
activeworkspaces, and)a.change made to the snared-variable by one session will be visible to the other session.

Note that two session's can share more than one shared-variable, that a given session can share shared-variables with more
that orle other session, and that each shared-variable can be shared by only two sessions.

Retracting

Two sessions, coupled by a sham&variable, decouple when either retracts the shared-variable. This leaves thq shared-variable
in the same state it would have been had Ine remaining Session made a specific-ofter to the-sessiom that retracted. If the
remaining session retracts, the shared-variable becomes inaccessible to the sessions.

Degree of Coupling

All symbols in the symbol-table of an active-workspace have a degree of coupling. This is zero if the current-referent is not a
shared-variable, one if the current-referent is a shared-variable that is offered to another session, and two if current-referent is
a shared-variable shared with another session.

Naming

For any session, there are two identifiers associated with a given shared-variable. The first is the name of the symbol whose
current-referent is the shared-variable; the second is the shared-name of the shared-variable. The shared-name is the name
used in matching offers to share.

Only the name of the symbol is required for invoking any of the Shared-Variable-Protocol system functions other than Shared-
Variable Offer.

14. Shared Variables 183


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

1ISO 8485 : 1989 (E)

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 operation shared-variabie-reference is called. A shared-variable is used when it is either
set or referenced. Both indexed assignment and indexed reference of shared-variables are possible.

Synchronisation

Synchronisation of sessions sharing a shared-variabie is achieved by access control. With each shared-variable is associated

an access-control-vector, which is designated here as the ACV. The ACV is a four element Boolean vector that is accessible
to a session through the Shared-Variable-Access-Controi-inquiry operation.

The order of the ¢lements in the ACV is reiative to the viewing session. When session A, sharing a shared-variable with

session B, views the ACV, its elements have the following meanings:

if  ACVU[|1] is one, once A has set the shared-variable B must use it before A can set it again.

ir  ACVI[|2] is one, once B has set the shared-variable A must use it before B can set it again.

if ACVI[3]is one, once A has used the shared-variable B must set it before A can reference it again.

if ACV[M] is one, once B has used the shared-variable A must set it before B can. réference it again.

If a session atterrpts to use a shared-variable when not permitted to by the above rules, it is\delayed until the partner has

performed the required intermediate operation.

The rules can be summarised in a three-state state diagram. Let A be the sessionthat made the initial offer. Then the stat|

are as follows:
State 0: The
State 1: The
State 2: The

State 0 is the stat
set to the shared-
when an offer is 1
transitions permit|
The column in wh

the ACV as seed

For example, if the state of a shared-variable is.0)and the ACV is O O 1 O, session A can assign a new value to the
1), but must wait until the variable is in state 2 to refer to it (REF by A).

variable (SET by

Note that all digits

blocked by the 4
a row.

by A must be zero.

shared-variable has been referenced by the partner of the 'session that last set it.
shared-variable was last set by A and has not been referenced by B since then.

shared-variable was last set by B and has not been referenced by A since then.

P entered when the shared-variable is initially.offeted. Note that only an explicit assignment is considered
variable. The act of transferring the currentscontent of a symbol to the shared-value of a shared-variable
Pade is not a set. The state is not affected by retraction and re-sharing. Figure 2 summarises the state

ed. In the figure, the action is always permitted if there is a + in the row corresponding to the input statg.
ich the + appears determines the output state. A digit in the row indicates that the corresponding eleme,

lie along the diagonal.in these matrices, indicating that only actions that do not change the state can be
CV. Thatis, the ACV can prevent only a given session from referencing or setting a shared-variable twi

bt in

ce in

nextistate: 012 012 012 012
cur— 0o ... .+ . .« . + 3 . . 4 . .
rent 1 ... .1 . . .+ . 3 . + . .
state 2 ... .+ . . . 2 + . . .
set set ref ref
action by by by by
attempted: a b a b
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Other Rules

Retraction of all 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 )COPY command, or, if it is local, when the function to which it is local terminates execution.

sharing

is not saved in a library workspace.

The state of

The shared variable mechanism must appear to the user to be consistent with one in which there exists a single copy of each
shared-variable. Specificaily, this means:

When a shared-variable is initially offered, its value, if any, becomes the shared-value of the shared-variable.

W

W

Note thpt, since there is conceptually a single copy across a period of sharing, no use is implied in the-above rul

the val

It mustjappear to the APL user that sessions communicating via shared-variables are independently scheduled.

synchrg

procedlires used to describe the Shared-Variable-Protocol are written as though synchronijsation conflicts do not
two sessions are accessing the shared-variable-list or the same shared-variable.

alue (if any) in the matcher's workspace.

en a shared-variable is retracted, its value in the retractor's workspace is the value last set by either-pa
retraction.

e of a shared-variable available.

nisation between the sessions must appear to be by means of the delays caused by.accessing shared-val

akes on the

[tner before the

ps for making

Any
iables. The
occur when

A limitprror may occur during the retraction of an active shared-variable if there is not enough room in a workspace for the

shared,
deloca

value of the shared-variable. When the expected system action is to ignore the variable (as in the case o
jsation), a limit-error is not signalled.

F JCLEAR or
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14.2 DEFINITIONS

Identifier-Pair-Array: A character array of rank.two in which each row matches the
character-diagram identifier-pair-row.

14.3 DIAGRAMS

In the following—b-stards—for-blank:

ldentifier-Pair-Row

l—>— b —>— identifier—row —->—]

>> > simple
_j —identifier L ‘J
—<—| b —< <— bi{—<

14.4 OPERATIONS

14.4.1 Primary-Name

Primary-Namlin A: For 4, a character vector that\matches identifier-pair-row, the first
simple-identifier matched in identifier-pair-row,

14.4.2 Surrogate-Name

Surrogate-Name in 4: For 4, a character vector that matches identifier-pair-row, the last
simple-identifier matched in identifier-pair-row.

14.4.3 Degree-of-Coupling

Degree-of-Coupling of N: For symbol N, a number defined as follows:

If the current-class of N is not shared-variable, zero.
Otherwise, using the current-referent of IV, the sum of session-A-active and session-B-active.

14.4.4 Access-Control-Vector
Access-Control-Vector of N: An operation that, for N a shared-variable, is defined as follows:
Using N,
Let ACVA stand for session-A-ACV and ACVB stand for session-B-ACV.

If this-session is session-A, return ACVAVvACVB.
If this-session is session-B, return (ACVAVACVB)[2 1 u 3].
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14.4.5 Offer

Offer S to P with value V: An operation defined as follows:
Let X stand for the item in the shared-variable-list with the smallest index such that

shared-name is S.

session-A is this-session or, if P is not general-offer, general-offer.
session-A-active is zero.

session-B is P.

session-B-active is one.

or

shared-name is S.

session-A is P.

session-A-active is one.

session-B is this-session or, if P is not general-offer, general-offer:
session-B-active is zero.

If such a shared-variable exists,
If shared-value is nil, set shared-value to V.
If session-A-active is zero,

Set session-A-active to one.
Set session-A to this-session.

If session-B-active is zero,

Set session-B-active to-one.
Set session-B to this-session.

Return X.
Otherwise, create a new, -shared-variable, Y, as follows:

shared-name is-S.

session-A is this-session.
session-A-active is one.
session-A-ACVis 0 0 0 O.
sessijon-B is P.
session-B-active is zero.
session-B-ACVis 0 0 0 O.
—shared=vatue-is V-

state is zero.

Append Y to the shared-variable-list as a new last item.
Return Y.
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14.4.6 Retract

Retract N: An operation that, for N a shared-variable, is defined as follows:

Using N,

If session-A is this-session, set session-A-active 1o zero.
If session-B is this-session, set session-B-active to zero.

14.4.7 Shareld-Variable-Reset

Shared-Variabje-Reset

For each item in the shared-variable-list,

If sesgion-A is this-session, set session-A-active to zero.
If session-B is this-session, set session-B-active to zero.

For each

|[symbol N of the symbol-table of the active-workspace,

For edch token 7 in the referent-list of N,

If

Note: In the model, a shared-variable is never reused. It is effectively discarded once session-A-active and session-B-actiy

are both zero.

T is a shared-variable, set T to a token whose class is nil.

e
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SHARED VARIABLE FORMS

Shared Variable Reference

< SHV

Informal Description: Return the value of a shared variable.

Evaludtion Sequence:

Uging the current-content of SHV,

Note: 1]
referent

14.5.2

Z

Let ACYV stand for access-control-vector.
Wait until at least one of the following is true:

ACV[3] is zero.
State is two and session-A is this-session.
State is one and session-B is this-session.

If either of the following is true, set State to zero:

State is two and session-A is this-session.
State is one and session-B is this-session.

Return Shared-Value.

his operation is all that is required for shared-variable-indexed-reference, since the phrase-evaluator callg
be with a value, not a name.

Shared Variable Assignment

< SHV <« B

Infor

Evaluation Sequence:

Using the current-content of SHV,

al Description: Z.is“B. As a side effect, the value B is assigned to the shared vari

Let>>ACV stand for access-control-vector.
Wait until at least one of the following is true:

indexed

able SHV.

ACV (1] is zero.
State is not one and session-A is this-session.
State is not two and session-B is this-session.

Set shared-value to B.

If session-A is this-session, set state to one.

If session-B is this-session, set state to two.

Return a token whose class is committed-value and whose content is B.

14. Shared Variables 189


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

1SO 8485 : 1989 (E)

14.5.3 Shared Variable Indexed Assignment
Z « SHV[I] <« B

Informal Description: Z is B. As a side effect, elements of the array SHV selected by the position
and values of the arrays in the index-list I are replaced by elements of the array B.

Evaluation Sequence:

Using the current-content of SHV,

Let CV stand for access-control-vector.
Wait until at least one of the following is true:

ACV[1] is zero.
session-A is this-session and state is not one.
session-B is this-session and state is not two.

If the |current-class of shared-value is nil, signal value-error.

Set |C to shared-value.

Search the form-table for Z « V[I] < B. )

Call the corresponding evaluation sequence, passing C as the'wvalue of V.
Set |Z to the token it returns.

If Zl|is an exception, return Z.
Otheryise,

S¢t shared-value to C.

If |session-A is this-session, set state to one.
If |session-B is this-session, set state toc two.

thu m 2
Note: Indexed assignment of a shared variable constitutes.a. set, not a reference, of the shared-variable.
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14.6 SHARED VARIABLE SYSTEM FUNCTIONS

14.6.1 Shared Variable Access Control Inquiry
Z <« 0OSvCc B

Informal Description: Each row of Z is the access-control-vector of the shared variable named by the
co ponding row of B

Evaluz[::: Sequence:
If the rank of B is greater-than two, signal rank-error.

Sf Bito (241 1,pB)pB.
If any item of the ravel-list of B1 is not a character, signal domain-error:

Set Zto ((1+4pB1),u4)p0.
Fgrevery I in 114pB1, evaluated with index-origin set toone,

Let B2 stand for row I of B1.
If B2 matches identifier-row,

Set N to the simple-identifier in B2.
If the current-class of N is shared-variable,

Set row I of Z to access-control-vector of the current-referent of N.

Otherwise, signal domain-error.

Return ((T1+pB),4)pZ.

14. Shared Va'riables 191


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

1SO 8485 : 1989 (E)

14.6.2 Shared Variable Query

Z <« 0OSvqQ B

Informal Description: Z is one of the following:

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-

Set
Using

If

Return

If session
If session

Set
Using

If

identification-type is character, and B is the general-offer,

Zto0O 0Op!
each item of the shared-variable-list,

session-A is this-session and
session-A-active is zero and
session-B-active is one,.

Set S to session-B

Set Zto ((pZ)Fo,pS),[11((T14pZ)['pS)+8S, evaluated with
index-origin set to one.

session-A-active is one and
session-B is this-session and
session-B-active is zero,

Set S to session-B

Set Zto ((pZ)l0,pS),[11((T14pZ)IpS)+S, evaluated with
index-origin set to one.

Z.

-identification-type\is numeric, and B is zero, signal domain-error.
-identification-type is numeric, and B is 10,

Zto10,
each jtem of the shared-variable-list,

b|.of the following are true,

ap

session-A is this-session
session-A-active is zero
session-B-active is one

pend session-B as a new last element to the vector Z.

If all of the following are true,

session-A-active is one
session-B is this-session
session-B-active is zero

append session-A as a new last element to the vector Z.
Return ((Z12Z2)=1pZ)/Z.
Otherwise,

192
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If B is not a session-identification, signal domain-error.
If B is this-session, sighal domain-error.

Set  Z to the empty character array of rank two.

Using each item of the shared-variable-list,

If all of the following are true,

session-A is this-session
session-A-active is zero
session-B is B

: OB T

append shared-name as a new last row to the identifier-array Z.

If all of the following are true,
session-A is B
session-A-active is one
session-B is this-session
session-B-active is zero

append shared-name as a new last row to the identifier-array Z.

Return Z.

14.6)3 Shared Variable Degree of Coupling
4 <« 0OSVo B

Informal Description: Z is a numeric \vector in which each element is the degree of coypling of the
qymbol named by the corresponding row of B.

Evaldiation Sequence:

If the rank of B is greater-than two, signal rank-error.

et Blto (T244H1,pB)pB.
If any item of thé-ravel-list of B1 is not a character, signal domain-error.
$et Zto (xMeB1)p0.

For everyt )'I in 114pB1,

Let B2 stand forrow I of B1.
If B2 matches identifier-row,

Set N to the primary-name in B2.
Set item I of the ravel-list of Z to degree-of-coupling of the symbol-named-by N.

Otherwise, signal domain-error.

Return 2.

Note: Degree-of-coupling is a property of symbols, not shared-variables.
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14.6.4 Shared Variable Offer

Z <« A 0OSvo B

Informal Description:  Z is a numeric 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 0SVO shares
variables with another session. B is an identifier-pair-array representing the names of variables

to be shared. A is a session-identification, representing the session with which the names in B
are to be shared.

Evaluation Se

If the rank of B is greater-than two, signal rank-error.
. If any item of the ravel-list of B is not a character, signal domain-error.

sion is 4, signal domain-error.
Set Bi|to (7241 1,pB)pB.
For every| I in114pB1,

Let |B2 stand for row I of B1.

If Bl2 does not match identifier-pair-row, signal domain-error.
Otherwise,

Set N to the primary-name in B2.
Se¢t S to the surrogate-name in B2.

If the current-class of N is neither shared-variable; variable nor nil, signal domain-errar.
If the current-class of NV is variable or nil,

Set V to the current-referent of NV.
Set Y to offer S to 4 with value.V/.
Set the current-referent of N to. Y.

Return [OSVO B.

Note: This opergtion does not allow for multiple session-identifications.
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Informal Description: Elements of Z hold the degree of coupling that the identifier represented in the
corresponding row of the identifier-array B had, before this retraction. As a side effect, OSVR

retracts any shared-variables named in B.

Evaluation Sequence:

If the rank of B is greater-than two, signal rank-error.
S¢t Bilto (7241 1,pB)pB.

Set Zto[SVO B1.

If| Z is an error, return Z.

Forevery I in114pB1,

Let B2 stand forrow I of B1.
If B2 matches identifier-row,

Set N to the simple-identifier in B2.
If the current-class of N is shared-variable,

Set SV to the current-referent of N.

Retract SV

Otherwise, signal domain-error.
Return Z.

Set the current-referent of N to shared-value of SV.
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14.6.6 Shared Variable Access Control Set

Z « 4 0OSve B

Informal Description:

the identifier-array B when [0SV C completes. As a side effect, SV sets to 4 the contribution
this session makes to the combined access control vector of the shared variables.

Evaluation Sequence:

186

If the rank of 4 is greater-than two, signal rank-error.

If the first item of (T 144 ,pd) is not four, signal length-error.

If A is ascalar or a vector, set 41 to ((14pB1),4 )pA.

Otherwis¢, set 41 to 4.

If 14pfl1is notthe same as 1+pB1, signal length-error.

If any item of the ravel-list of B1 is not a character, signal domain-error.

If any item of the ravel-list of A1 is not a near-Boolean, signal domain-érror.
Set A42|to the Boolean-array-nearest-to A41.

Forevery I in11+pB1,

Let |B2 stand for row I of B1.
If H2 matches identifier-row,

Othenwise, signal domain-error.

Return [(OSVC B.

Spt N to the simple-identifier in B2.
Ifthe current-class of N is shared-variable,

Let ACV stand for row I of 42.
Using the current-content of NV,

If session-A is this-session, set session-A-ACV to ACV.
If session-B is this-session, set session-B-ACVto ACV[2 1 u4 3].

Z is the access-control-vector of each of the shared variables represented by
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15 FORMATTING AND NUMERIC CONVERSION

151 INTRODUCTION

The mapping of arrays of numbers into arrays of characters is 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. Conforming-programs that depend upon a particular selection of formatting
parameters-shouig-employ-dyadie-format: .

15.2 NUMERIC CONVERSION

Note: Conversion involves the transformation of lists of characters to and from numbers. This conversion is perfofmed by the
implementation-algorithms numeric-input-conversion and numeric-output-conversion.

The accliracy and rounding properties of numeric-input-conversion and-numeric-output-conversion are
interdependent. The most significant property of these implementation-algorithms is the following:

For hny numeric scalar X, when print-precision is set to full-print-precision, X shall be the same
as|edX.
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15.2.1 Numeric-Input-Conversion

Numeric-Input-Conversion of C.

Informal Description: Numeric input conversion converts numeric values represented in decimal

notation

as lists of characters into equivalent numbers — numeric quantities whose format is

implementation-defined.

Evaluation Sequence:

Let L and ectively the
represernted by all numeric-scalar-literals producible by numeric-output-conversion for al|
numbelland all valid values of print-precision .

Let 7 be

abstract|numeric values lying in the closed interval between L and G.

If Cis

Otherwisdg,

rot an element of 7, signal limit-error.

Let c|stand for the abstract numeric value of C.

If ¢ ig the same as some number N, return N.

If cig greater than positive-number-limit, return positive-number-limit.

If ¢

Othen

sat

i less-than negative-number-limit, return negative-number-limit.

igfy the following property:

For any two numeric-scalar-literals.£1 and C2, if the abstract numeric value of C1 is

Examples:

1

0

han the abstract numeric vatue‘of C2, then numeric-input-conversion of C1 is not
greater-than numeric-input-conversion of C2.

1-1.000000000000000000000000000000000001
1-0.99939999999939999399939939999993999399939
d.00000000000000000001£20

gES99

e set of all lists of characters that match the diagram numeric-scalar-literal and have

vise, c lies between two numbers. Return one that permits numerlc-mput-conversmn to

ess

1E79899 = 0

2.5E4-25000

Note: In many programming languages, the syntactic form of a literal is used to determine the datatype of the corresponding
number. This is not so in APL. Therefore, it is important that the input conversion routine not make distinctions between

different forms of the same abstract numeric value. 2 . SEWY should produce the same number as 2 5000 does ana 00 2

should produce

the same number as 2 does.

Every number can be obtained by converting some numeric-scalar-literal.

The set T in the evaluation sequence above may include members with abstract numeric values less than
negative-number-limit or greater than positive-number-limit, due to rounding by numeric-output-conversion.

There is no number N for which the expression @B N signals a limit-error.
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Numeric-Output-Conversion

E Numeric-Output-Conversion of N.
E Numeric-Output-Conversion of V to P places.

Informal Description: Numeric output conversion converts numeric values represented as numbers —
numeric quantities whose format is implementation-defined -- into the same numeric quantities
represented in decimal notation as lists of characters.

For E a character-diagram, and NV and P numbers, numeric output conversion returns a

de
Evalua

If

Note: When P is not\specified, E is always minimal-decimal-exponential.

Fixed-df
results
aigits a

numericsscatar-titerat- that- matchesF-and-represents—the-abstract-numerie-vatue-of-A-¢

cimal places, if P is specified, or else to print-precision places.
ion Sequence: .
E is minimal-decimal-exponential,

Return a list of characters whose abstract numeric value is a good-approximation

Note: The choice of approximation is implementation-defined, but can be characterised as follows:

Let DS be the set whose members D are lists of characters that match minimal-decimai-expomn
have at most print-precision digits to the left of the exponent-marker.

Let DT be the subset of DS for which | N=@D is minimal.
Let DM be the subset of DT whose members have theifewest digits.
Choose the member of DM whose abstract numeric value has the largest magnitude.

E is fixed-decimal,

P digits to the right of the units digit,
Return a member D of DF for which | N-eD is minimal.

E is decimal-exponential,

Let DE be the set whose members are lists of characters that match diagram
decimal-exponential ( and have P digits to the left of the exponent-marker.

Select a member D of DE for which | N-2D is minimal.

Let W stand for-exponent-field-width.

Return (W4+DAi'E"' )+D.

beimal and.décimai-exponential cases are used only by dyadic format. They are permitted, but not requir
bf arbitrarily high precision. They should, however, return accurate results if no more than full-print-preci

[e requested.

ther to P

of N.

pntial and

Let DF be the set whose members are\lists of characters that match fixed-decimal and have

a, to return
kion significant

1583

DIAGRAMS

Note: The following character-diagrams characterise the outputs of both monadic and dyadic format as subsets of the set of

lists of

characters that match numeric-scalar-literal.
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Zero-Digit

>>

Nonzero-Digit

>>

>>

Sign

> >—[>—

overbar —>—]

Decimal-intege

-y

>>—[>— Zero—digit
>— d

Examples:

“yy 0 61

In the following diagrams,

stands for
stands for

NwD D33 0o

lank.
igit,

>>

$ign —>— nonzero —
—digit

P2 1066 1215 1415

>—|
>>

l—<— digit —--<—l

1685 1750 1776 1812 1867 18uu

stands for exponent-marker.
stands for decimal-integer.
stands for overbar.

stands for nonzero-digit.
stands for dot.

stands for sign.

stands for zero-digit.
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Decimal-Rational

> 1
p > n
—<— d —<—
m yd p n >2>
<= d —<—
Examples:

9g.6 212 ~2.001 0.00000000001

Decimal-Rational-Row

decimal > >>
L J —rational L J
<— b =< <= b —<

Minimal-Decimal-Exponential

> z —e — z
S >

——\n —/ Pp > —I n —e — i >>
Lewd

Examples:

1| 234567E78390 1E1 ~1.1111E1 1E 11111 0EO
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Decimal-Exponential

>> —— S —/™ n >]
p L d -I >—— e — 1 —
<——<
z > >]
p L z J >—— e — z — >
<—<
Examples:
~1.23456700000E830 0.00000000E0 ~1.0000E” 10
Decimal-Exponential-Row
>> > >— decimal - 2 >>
|_ _I —exponential L J
<— b —< <— b —<
Fixed-Decima
> i >—
z o] z >
<
—— S — n P d >—
—<— d —<— <
SR S — Z — p n ‘_l >>
—<— d —<— ' L <— d —<
Examples:

0 "1 12 0.00000000 12.30 0.1235 ~0.1235 0.1 ~0.00010000
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15.4 OPERATIONS

15.4.1 Monadic Format
Z « 3 B

Informal Description: Z is a character array. If B is a character array, then Z is B. IfBis a
numeric array. then Z is a character array arranged so that each row of Z is a decimal
representation of the corresponding row of B. The output form chosen for a column-of B is
dgtermined by print-precision and the values of elements in that column. Uses print-precision .

Evalugtion Sequence:

If |print-precision is nil, signal implicit-error.
If the type of B is character, return B.

If [ B is empty, return an array Z0 such that the type of ZO is character, the shape-list of Z0 is
fhe shape-list of B, and the ravel-list of Z0 is the empty-list.

If the rank of B is less-than two,
return ,3(" 241 1,pB)pB.

If the last item of the shape-list of B is not one,
return (8 (("1vpB),1)4B),' ',3((-ppB)+1)+B.

Otherwise, choose U, E, and W, and return -an array Z for which the type of Z is charagter, the
shape-list of Z is ("1+pB),W, and oné)of the following statements is true:

Every row of Z is the decimal-exponential-row equivalent of the minimal-decimal-pxponential
numeric-output-conversion ofthe corresponding row of B, and has its exponent4marker at
position E and its first 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 its units digit|at position
U.
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Note: The quantities W, U and E and the choice of formatting form are not standardised here, since this is currently
impractical. However, the following algorithm is recommended for all future implementations of APL:

204

If any of the following conditions holids for any element X of B

Xis greater-than positive-counting-number-limit.
X is less-than negative-counting-number-limit.

The decimal-rational equivalent of the minimai-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 equivaient of the minimal-decimal-exponential numeric-output-conversion 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.

then select imal-exponential form.

Otherwise, select decimai-rational form.

If decimail-exponential form is selecteq,

Let be one if any element of B is a negative-number.

Let M fe the maximum number of characters to the left of the exponent-marker in the minimal-decimal-exponential

numelric-output-conversion of any element of B.

Let N e the maximum number of characters to the right of the exponent-marker in thé.minimal-decimal-exponential

ic-output-conversion of any element of B.

Set to S+1.
Set to M+1.
set toM+1+N.
If decimail-rptional form is selected,
Let be the maximum number of characters to the left of the-units position in the decimal-rational equivalent]
the njinimal-decimal-exponential numeric-output-conversion.of any number in B.

Let N pe the maximum number of characters to the right-of the units position in the decimal-rational equivalent d
minirpal-decimal-exponential numeric-output-conversion” of any number in B.

set |UtoM+1.
set WtoM+1+N.

of

f the
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Examples:
0PP<«10
'|*,(3 5 "6 7 8 9 100.%15),'|"
| 5 2.5 1.666666667 1.25 1 |
|76 73 2 1.5 T1.2]
| 7 3.5 2.333333333 1.75 1.u4]
| 8 u 2.666666667 2 1.6]
| @ u.5 3 2.25 1.81
|10 s 3.333333333 2.5 2 |
D<«0.7 0.8 0.9, 7 8 9:10
3 D
07 0.8 0.9 0.7 0.8 0.9
D-¢% D
0|0 0 0 T1.387778781E°17 0
0PP<999
s D
0J7 0.8 0.9 0.7 0.7999999999999393939 0.9
D-o3 D
oloooooO
OPP<«u
M<0.78901x(10%x16)°.x1 1E510 1E76 0.01 0.1
s M
7/89E0 7.88E710 0.00000789 0.0789 7.89E"1
7/89E1 7.89E79 0.0000789 0.789 7.89E0
7|89E2 7.838E78 0.000789 7.89 7 .89E1
7|89E3 7.89E77 0.00789 78.9 7 .89E2
7|89E4 7.89E76 0.0789 789 7 .89E3
7]89E5 7.88E”5 0.789 7890 7 .89Eu
& SpM
7189 7.89E10.“0).00000789 0.0789 0.789
& 1 SpM

7}89 7.8SE7 Y0 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 fesuit produced
for N unique~and is unaffected by increases in the value of print-precision . At such settings of print-precision|, N is the same
as Q6|;V for_any numeric scalar N.
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15.4.2 Dyadic Format

Z « 4 3% B

Informal Description: Z is a character array representing the numbers in B formatted according to

Evaluation Se

206

the

specifications in 4. A consists of pairs of integers. One pair is associated with each column

of B. The first integer in the pair specifies the field width — the number of columns in the
character result - for the formatted numeric values.

If

A has only two elements then all elements of B are formatted according to 4.

A non-nedative second integer indicates that the field is to have fixed-decimal form and gives'the
number of digits to the right of the decimal point, with zero indicating no decimal places.'and n
decimal ppint. A negative second integer indicates that the field is to have decimal expanential

form; the Ebsolute value specifies the number of digits in the mantissa.

If the rank of 4 is greater-than one, signal rank-error.

If

If any item of the ravel-list of 4 is not a near-integer, signaldomain-error.
If any item of the ravel-list of B is not a number, signal domain-error.

Set
If

If
If

uence:

p,A{snot2x"141,pB

is two, return ((2x~14pB)pd )sB.
ise, signal length-error.

A1 fo the integer-array-nearest-to  A.
B is empty,

to+/((pA1)p1 0)/A41.
((T1vpB),W)pt .

PA1 is not two, return ((2441)3((T1+pB),1)4B),(2+v41)5((-ppB)+1)+B.
B is npt a scalar,

If AQL[1] is not a positive-integer, signal domain-error.

Returr) a character array Z_such that the shape-listof Z is (T1+pB),41[1] and the
ravellist of Z has the property that each vector-item along-axis ppZof Z isd1 & B 0,
where BO is the corrésponding (scalar) item of (T1vpB)pB.

B is a|scalar,

If A1[2].0snot less-than zero, set R to the
fixedrdecimal numeric-output-conversion of B to 41 [2] places.
ise, set R to the decimal-exponential numeric-output-conversion of B to |21 [ 2]

If A1[1] is less-than pR, signal domain-error.
Otherwise, return (-41[1])+R.

APL Standard


https://standardsiso.com/api/?name=9df79b742f55b5803cf8267e7dfc8d66

1ISO 8485 : 1989 (E)

Examples:

In the following examples, exponent-field-width is 3.

0 0.1 1 o.x 5p0.5

D <« "1 70.1 .

"|',(93 737 716 35130%3D),'|
|”5.00E71 ~S5E~1 T0.500 T0.5 "1}
|”5.00E”2 T5ET2 T0.050 T0.1 O]}
| 0.00E0 0EO 0.000 0.0 O}
| 5.00E”2 52 0.050 0.1 0]
| P.OOE™1 571 0.500 0.5 1]

p 102040 8 030 uUp1

0 LS

31 0 3 2%x100

1267650600228223401436703205376

31 20 & .07
0.07000000000000000666

4 1% .99 ".89 0 7.5 11.5
1.070.9 0.0 7.511.5

Note: Like other axis lengths, the field width A [ 1] is limited only by iridex-limit.
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16 INPUT 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 sequences in this standard.

The protocol for the use of a session takes the form of a dialogue: the user makes an entry and passes controi to the APL

response, and returns control to the user.

system. r

The usgr makes entries on a keyboard, and obtains responses by seeing them presented on a display-device: T!Je combination

of a keyboard and a display-device is intended to represent, abstractly, a terminal. This standard does notrequi

e the use of

any pafticular terminal, keyboard, dispilay or method of encoding characters. The ISO 2022.2 APL character encpding

reprodgced in Appendix A is widely used.

en to response are not specified by this standard, but certain desirable characteristics of these transfor
comments.

I responses.

token and
tions are

The syqtem obtains entries as tokens of class constant or interrupt by calling the sessionoperation read-keybo:£1. It presents

Because the dialogue protoco! described here aiternates between user and system, the session is always in one ¢f two logical

states, open-keyboard or locked-keyboard, depending upon whetheér'the user is making an entry or th

p system is

produclng a response. The user can request a change in keyboarda-state. from'locked-keyboard to open-keyboard by using the

signal-attention facility. In aadition, the user can force a change in keyboard-state by signalling interrupt.

16.2 | DEFINITIONS

16.2.1 User Facilities

A usdr should have the followingfacilities.

Edit-Actions: A collection-of implementation-defined facilities that permit the user to make entries.

Note: Typical edit-actions-include inserting, deleting, replacing and superimposing graphic symbols within the current

entry and combining display-lines from the presentation-space with the current entry.

the keyboard-state to locked-keyboard and returning to the caller of read-keyboard

Zero.

Epter: A facility--available to the user when the terminal is in open-keyboard state, for] changing

either an

interrupt.or a character vector. Enter sets the value of the session attribute attention-flag to

Sjgnal-Attention: A facility, available to the user when the terminal 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 all 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: Signal-interrupt can be issued in open-keyboard state and in locked-keyboard state, although the particular means of
invoking the operation may be different for the two states. Transmitting the superimposition of the graphics for O U ana

T is a typical means of signalling interrupt in open-keyboard state.
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16.2.2 Implementation Algorithms

210

Read-Keyboard: An operation, available to the system when the session is in locked-keyboard

state, that returns either an interrupt token or a token of class constant and content a character
vector.

Note: Read-keyboard should display current-prompt, then change the keyboard-state to open-keyboard to permit the user
to use edit-actions to enter a iist of characters or to signai an interrupt.

A concept long honoured in APL is that of visual fidelity: the graphic symbols that appear on the display as the resuit of
edit-actions should correspond exactly to those returned to the system as the resuit of read-keyboard.

Display T , available when the session 1s in locked-Keyboard state, for preseniing
the token 7' on the display-device. T is either a value or an error.

he fgiiowing is a suggested, but not required, evaiuation sequence for dispiay T:
If quoteiquad-prompt is not the empty character vector,

Append to the presentation-space as a new last item a display-line whose graphic symbols répresent the

gharacters in quote-quad-prompt.
Se{ quote-quad-prompt to the empty character vector.

If T s an error, append to the presentation-space as a new last item an indication of

The class of the error.
The point in current-line at which evaluation was stopped.
If the mode is defined-function, the function-name and current-line-number of the current-context.

if  T|s avalue,

Let A stand for the content of T'.

If | A is numeric, display $4.
Otherwise,

If | A is a scalar or vector, append to the presentation-space as a new last item a display-line whose graphic

symbols represent the characters in A.
Otherwise,

set I tozero.
set Mto ((x/"1vpA)s14pd)pA.
Repeat the foliowing 1 4 p'M times:

Set ITtwI+1.

Display row I of M.

Append  (“1+ppd )| +/A\0=¢P (T 1vpA )TI biank dispiay-iines to the end of the
presentation-space.

(End of repeated block)
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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, typically a vector of six blanks.

Quad-Prompt. An implementation-defined character array, whose first row typically begins with
'O: ' and whose second row is the indent-prompt.

Function-Definition-Prompt: An implementation-defined character array, typically a vector
beginai ith Canlwl . " L

16.3 |DIAGRAMS

System-Command-Line

right—parenthesis — L —l >>
<— any~—<

Function-Definition-Line

>>—1—— del

> L _J >>
<— any —<
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16.4 OPERATIONS

16.4.1 Immediate-Execution
Immediate-Execution with X.

Informal Description: Immediate-execution mode is the primal mode, the first 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 calls immediate-execution when an error or the attention-flag causes a deﬁLed
function fo be suspended. In this case, immediate-execution displays a status indication \befgre
prompting for input.

Evaluation Sequence:
Display X.
Repeat:

Set turrent-prompt to indent-prompt.
Set | E to read-keyboard.
If ¥ is a constant,

et @ stand for the content of E.
@ matches system-command-line, set T to evaluate-system-command Q.

L
|
| @ matches function-definition-line, set I’ to evaluate-function-definition-request Q.
Qtherwise, :

Generate a new context in which

mode is immediate-execution;

current-line is @,

current-function is 0_Qp'' ',
current-line-number-is one, .
current-statement’is"the empty list of tokens, and
stack is the 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\the first-item in the state-indicator of the active-workspace.

| Tis>a branch, a clear-state-indicator, or an escape and the state-indicator of the
active-workspace is not an empty-list, return 7.

=T is an error or a constant display 7
(End of repeated block)
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16.4.2 Quad Input
Z « 0

Informal Description: Z is an array provided by the user in response to a prompt.
Evaluation Sequence:

Repeat:

Set current-prompt 1o quad-prompt.
Set E to read-keyboard.

If FE is an interrupt, return E.

Let @ stand for the content of E.
If some element of @ is not blank,

Generate a new context in which

mode is quad-input,
current-line is ¢,
current-functionis 0 Op*' !
current-line-number is one,
current-statement is the empty list of tokens;and
stack is the empty list of tokens.

Append the new context to the state-indicator of the active-workspace as a new first
item.

Set Z to evaluate-line.

Remove the first-item in the state-indicator.

If Z is escape, signal unwind.

If Z is unwind or clear-state-indicator, return Z.

If Z is a value, return a foken with class constant and content that of Z.
If Z is an error, display 2.

Otherwise, display value-error. (see note)

(Bnd of repeated block)

Note: [he display value-erroc line in the above evaluation sequence is introduced to permit certain consistent-extensions. In

the evdluation sequence, errors are displayed rather than signalled, since signalling would terminate the Repeat|loop and force
Return

Quad-ihput returns onjy. tokens of class escape and unwind (from ->), clear-state-indicator (from )SIC ), constant (from

2% . %) and interrupt. It reports an error and reprompts for all other results. Note that it reprompts without ar| error report if
the inplut was émpty or all blank.
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16.4.3 Quote Quad Input
Z « [

Informal Description:  Z is a character vector. input in response to [1 is treated as a character

value. Z is a vector 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 curree[it—pfompt-b1mote=quad=prmnpt.
Set quoterquad-prompt to the empty character vector.

Set E tq read-keyboard.
Return

15

Note: The behaviour required here differs from that of some existing systems, in which a single charactercresponse to (4
returned as a scalar.

16.4.4 Quad|Output

Z « 0+ 8B
Informal Description:  Z is B. As a side effect, the array B is displayed on the terminal.
Evaluation Sequence:

Display B.
Return a committed-value with content B.
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16.4.5 Quote Quad Output

Z « [0 «B
Informal Description: . Z is B, and quote-quad-prompt is set to B.
Evaluation Sequence:

If any item of the ravel-list of B is not a character, signal domain-error.

If the rank of B is greater-than one, signal rank-error.

If the count of B is greater-than quote-quad-output-limit, signal limit-error.
If guote-quad-prompt is not empty, signal limit-error.

Sel quote-quad-prompt to B.

Return a committed-value with content B.

Examplle:

V Z<PROMPT X
[10 [OeXe,3X
(20 Z<(pX)+0O
v

PROMPT '1 CLEANSPACE DATE? !
1 CLEANSPACE DATE? 1966-11-27
1966-11-27

| in each|system, is heavily used. There is, however, sufficient. commonality to permit the inclusion of this restricted form of
quote-qliad output. Quote-quad output on a conforming-impiementation should support the prompt function shown in the
example. .

Note: Quote-quad output is difficuit to standardise because it isiimplemented in several different ways in existiniFystems, and,
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17 SYSTEM COMMANDS

17.1 INTRODUCTION

Note: Any line of input in immediate-execution whose first non-blank character is a right parenthesis is considered to be a
system command.

17.2| DEFINITIONS

Global-Referent of 7: For T a classified-name, the last-item in the referent-list of the
symbol-named-by 7. '

Global-Context: The last context in the state-indicator of the active=workspace.

Uibrary-Workspace-Named A: For workspace-identifier 4, the item of the library whope owner is
this-owner, and whose workspace-name is 4.

Already-Exists: A workspace already-exists if its existential-property is present.

Does-Not-Exist:. A workspace does-not-exist if its existential-property is absent.

Note: | The model of libraries used in this standard assumes that a workspace object exists in the library for all|possible
workspace-identifiers. Workspaces that have been dropped or.that have never been saved are distinguished fjom those that

have peen saved by the setting of their existential-property..thie existential-property of saved workspaces is present, while that
of undaved workspaces is absent.

Attempt-to-Erase A: For 4, a simple-identifier, an operation defined as follows:
If A is globally-erasable,

If the current-class-of 4 is shared-variable, retract 4.
Set A4 tonil
Return command-complete.

Otherwise, signal not-erased.

Copy A from({W: For simple-identifier A, and workspace-identifier i/, an operation defined as
follows:

Let-GA stand for the global-referent of A4 in the active-workspace.

Let GB stand for the global-referent of A in the library-workspace-named ¥.
L —Set—Z-to-attempt-to-erase-GA-

If Z is an exception, signal not-copied.

If GB is a shared-variable, set GA to the shared-value of GB.

Otherwise, set G4 to GB.

Return command-complete.
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17.3 DIAGRAMS

Workspace-ldentifier

>>— alphabetic — >>
—<— alphabetic —<—
—<— digit <—
Example:
CLEANSPACE
Alphabetic
>\
A B E GHIJKLMNOPQRSTUVWIXY?Z
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17.4 OPERATIONS

17.4.1 Evaluate-System-Command

Evaluate-System-Command @.

1SO 8485 : 1989 (E)

Note: The forms of system commands are not reqular enough to permit much generalisation. Therefore, the forms themselves

are used as the key to the evaluation sequences.

Evalugtion Sequence:

If ho such entry is found, signal incorrect-command.
Otherwise, call the corresponding evaluation sequence.
Return the token it returns.

Fiphd an entry that matches @ in the system-command evaluation sequences.
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17.5 DIAGRAMS AND EVALUATION SEQUENCES

In the following,

p stands for permitted-blanks,

r stands for required-blanks,

w stands for workspace-identifier, and
a stands for simple-identifier.

Clear Active Workspace

>>— ) — p — CLEAR —_p —>>

ed-Variable-Reset.
Set the 3ctive-workspace to the clear-workspace.

. Set comparison-tolerance to initial-comparison-tolerance.

Set index-origin to initial-index-origin.

Set latent-expression to initial-latent-expression.

Set printtprecision to initial-print-precision.

Set quote-quad-prompt to the empty character vector.
Set randpm-link to initial-random-link.

Return command-complete.

Copy Library(Workspace Object

>>— )| —p— COPY — r — w-—=1r — a—p —>>

If the library-workspace-named w does-not-exist,-signal not-found.

If the glgbal-referent of a in w is not a defined-function, niladic-defined-function, variable, or
shared-pariable, signal incorrect-command!

Set Z fo copy a from w.

Return |Z.

Copy Library|Workspace

>>—— ) — p — COPY — r — w — p —>>

220

If the library-workspace-named w does-not-exist, signal not-found.
For each| symbolS/of the library-workspace-named w

Let | A/stand for the name of S.

If the[ global-referent of 4 in w is a defined-function, niladic-defined-function, variable, or
shared-variable,

Set Z to copy 4 from w.
If Z is an exception, return Z.

Return command-complete.
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