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ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 8485 was prepared by Technical Committee ISO/TC 97, 
lnforma tion processing s ys tems. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

Annexes A and B are for information only. 

0 ISO 1989 
All rights reserved. No part of this publication may be reproduced or utilized in any form or by any 
means, electronie or mechanical, including photocopying and microfilm, without Permission in 
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0 INTRODUCTION 

APL Stands for A Programming Language. It is a notation invented by K. E. iverson in the late 1950s 
for the description of algorithms, and expanded on and made into the programming System 
APL\3 6 0 by Iverson and his colleagues Adin Falkoff, Larry Breed, Dick Lathwell, and Roger Moore 
in the mid4960s. 

Throughout this document 

- the term “this Standard” is understood to mean “this International Standard”; 

- the words “chapter”, ’ 
su belause”, respectively. 

“section ” and ’ ‘subsection ” are understood to “clause”, ’ ‘su belause” and “su b- 

0. lntroduction 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. 

lt also specifies requirements for conformance to this Standard, including the publication of values 
and characteristics of implementation properties so that conforming impiementations tan be 
meaningfully compared. . 

This Standard does not specify: 

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

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

the data structures used to represent APL objects; 

the facilities available through shared variables. 

1. Scope and Field of Application 5 
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2 REFERENCES 

ISO 2375 : 1985, Data processing - Procedure for regis tra tion 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 werkspace-presence. 

Diagrams are directed graphs used to designate syntactic forms. 

Evaluation sequences are formal procedures that operate on finite Sets, diagrams, other evaluation 
sequences and objects defined in the Standard. 

Objects are entities consisting of enumerated set members and other objects. The objects are iist, 
array, defined-function, token, Symbol, context, workspace, Session, shared-variable, and System. 

Esch Object has attributes describing its state. The attributes of an array, for example, are its typical 
element, its shape, and its ravel. 

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

3.1 FORM OF DEFINITIONS 

Defined terms in this Standard are always set in bold and indexed. The index entry begins with the 
page number of the definition followed by the page numbers of all references to the term. If the 
definition and a use of a term occur on the Same Page, that page number will occur twice in the 
Index. 

The following terms occu 
class, item, and number. 

r throughout the document and are not cross-indexe d . . Character, content, 

Note: Terms in this document include 00th phrases such as implemenbüon-parameter and words such as nil. 

Esch 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 of 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, such as 2 + 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 additionabrequirements, 
if any. 

Examples, which show effects of the procedure specified by the evaluation sequence. 
Examples are considered commentar)P 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 NAMED ARRAYS IN EXAMPLES 

In the examples in this Standard, APL identifiers beginning with N, such as IV234 , represent 
numeric arrays whose shape and content are specified by the digits in the identifier. Esch digit in the 
identifier specifies an element of the shape vector; each element of the array, when broken down into 
digits, gives the index of that element- 

For exampla, 
N4 

1234 
N23 

11 12 13 
21 22 23 

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

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

N23'+[2;3;1] 
231 

3.3 NOTES 

This Standard contains notes that comment on the text of the Standard, pointing out the significance of 
definitions, noting relationships between definitions, and otherwise making the text approachable. 
These notes are set in a different type style than the text of the Standard, and are prefixed with 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 Iike definitions: the 
page on tihich a subsection begins is aiways 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 inciude 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. 

No& An implementation is an instance of the Object systwn specrfied by this sbndard. 

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

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

OptionabFacility: A facility fully specified in this Standard and designated optional. 

htplementation-Definedlfacility: A facility not fully specified by this Standard that is 
designated implementation-defined. 

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

3. Form of the Standard 11 
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4 COMPLIANCE 

4.1 CONFORMING IlVlPLEMENTATIONS 

An APL implementation conform 
behavio ur and documentation. 

s to this Standard if it meets the following requi reme nts for both 

4.1 .l Required Behaviour for Conforming Implementations 

A conforming-implementation shall provide all defined-facilities and implementation-defined-facilities. 
Esch 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 optionalfacility that is not provided shall 
Cause the conforming-implementation to Signal an error. A conforming-implementation shail not 
replace the error signalled by a missing optional-facility with other behaviour. 

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

A conforming-implementation shall use algorithms that produce resuits that are the Same as those 
produced by the evaluation sequences. Mathematical function algorithms shall have at least the 
accuracy that the algorithms given in the evaluation sequences would produce. 

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

The errors produced by the absence of an optional-fadlity cannot be replaced by consistent-extensions in a 
conhrming-implemenbtion, since this would affect the behaviour of conforming-programs that use the optional-facility. 

4. Compliance 
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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 optionalfacilities, implementation-defined-facilities, and 
consistent-extensions: 

4.1.2.1 Documentation of Optional-Facilities 

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

Shared-Variable-Pmtocol. 
autonomous Sessions. 

A mechanism that permits one Session to exchange data with other 

Statement-Separater-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 functions. 

4.1.2.2 Documentation of Implementation-Defined-Facilities 

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

A description of the Character-Set. This shall include a table showing the correspondence 
between index positions in the atomic-vector and the members of the required-Character-Set. If 
the graphic Symbols used in a conforming-implementation are dissimilar to those in Table 1, the 
correspondence between the graphic Symbols used in the implementation and those in Table 1 
shall be given. 

A description of the numbers. This shall include a characterisation of the internai representation 
used for numbers. 

Descriptions of the characteristics of each implementation-algorithm. 

The value of each implementation-Parameter. 

A description of each internal-value-set. 

4.1.2.3 Consistent Extensions 

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

Note: Implementers of conforming-implernentations should, in general, be wary of replacing limit-errors with 
consistent-extensions, since these errors are the only safeguards a conibrming-mram has when attempting to operate in a 
Conforming-implemenbtion whose implemenbtion-parameters are inadequate t0 SUppOti it. 

For example, if the Limit-error on identifier-length-Limit were not signalled, a conforming-pqram with identifiers langer than the 
lOca/ identifier-length-Limit would malfunctron without warning. 

14 APL Standard 
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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 conforming-program shal 
conforming-implementation. 

I not depend on the signalling of any error by a 

Note: Confbrming-programs 
conbrming-implemenbtions. 

cannot depend on error beha viour, since consiste&extwrsis that replace errors are permitted in 

4.2.2 Required Documentation for Conforming Programs 

A conforming-program shall document which optional-facilities it requires. 

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

No@: A conbrming-program may or may not work, and may or may not produce identical results on all 
confbrming-imptemenbtions, because of inherent dependencies on implemenbtion-parameters or implementation-algorithms 
such as the algorithm used for matrix inversion. 

lt is suggested that conforming-programs provide documentation detailing the values of implementation-parametws they require 
so that their surtability for a grven conlbrming-implementation tan 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. 

Required-Character-Set: An enumerated set whose members are designated by the graphic 
Symbols in Table 1. The Character-Set provided by a conforming-implementation shall contain 
all members of the required-Character-Set. 

Additional Requirement: . 

Members of the required-Character-Set are represented in this Standard by graphic Symbols in a 
particular typeface, as shown in Table 1. The graphic Symbols associated with the 
required-Character-Set in a conforming-implementation are implementation-defined. 

Note: There are conformance requirements associated with the mquirechharactset A confarming-implementtion must 
publish, as part of its required documentation, a table giving the correspondence between the graphic Symbols rn Table ? and 
the atomic-vectw. Where the graphic Symbols provided are not simiiar in appearance to those used in this Standard, the 
correspondence between the graphic Symbols in this Standard and those provided by the imptementation must also be provrded. 

Some of the graphic symbols given in Table 1 are not used to designate APL constructs in this Standard. They are present 20 
provide all keys on common terminal keyboards with corresponding Symbols. 

5. Definitions 17 
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Table 1 - The Required Character Set 

Alphabetic Characters 

ABCDEFGHIJKLMNOPQRSTUVUXYZ 
ABCDEFGHIJKLMNOPQRSTVVUXYZ -------------w-w v----w--- 

Numeric Characters 

0123456789 

Special Characters 

l a alpha 
+ down arrow 
+ left arrow 
+ right arrow 
+ up arrow 
- bar 

blank 
C IeR brate 
1 right brate 
[ IefI bracket 
1 right bracket 

. v down caret 
w down caret tilde 
< left caret 
> right caret 
A up caret 
* up caret tilde 
0 circle 
Q circle backslash 
9 circle bar 
63 circle star 
@ circle Stile 
: colon 
y comma 
0 del 
v del Stile 

f? del tilde 
& delta 
4 delta Stile 
0 delta underbar 
l o diaeresis 
0 diamond 
S divide 
$ dollar sign 
0 dot 
E epsilon 
= equal 
2 greater-than or equal 
i iota 
0 jot 
I less-than or equal 
x multiply 
z not equal 
- overbar 
( left parenthesis 
) right parenthesis 
+ plus 
0 quad 
8 quad divide 
? query 
T quote 
! quote dot 

c1 quote quad 
p rho 
; semicolon 
u down shoe 
c left shoe 
1 right shoe 
n up shoe 
a up shoe jot 
/ slash 
\ back slash 
f slash bar 
t back slash bar 
* star 
1 Stile 
L down Stile 
r up Stile 
L down tack 
@ down tack jot 

t left tack 
d right tack 
T up tack 
@ up tack jot 
h, tilde 
- underbar 
w Omega 

The names in Table 1 are not to be considered part of this Standard. 

18 APL 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 floatinppoint arithmetic quantities of an arbitrary 
Computer. 

5.2.1 Elementary Operations 

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

A Plus B. 

Note: Plus implernen@ addition. 

A Minus B. 

Nofe: Minus implements subtraction. 

A Times B. 

Note: Times implements multiplica tion. 

A Divided-by B. 

Note: Divided-by implements division. 

Note: fach elemenbry-operation is a mapping from the Cartesian product of the numbef-set with itself back onto the 
Union of the numher-set and the mebclass emw, as described in the subsection implemenbtion-AIgorithms. it is assumed 
that members of the mebclass error are returned by eIernMary-operations when reSUMs cannot be represented as 
numbers. in particular, exponent-oveflow is returned when the result of an elementary-Operation is too /arge in 
magnitude to be represented by a number, exponent-undertlow is returned when the result of an elementar)+Operation is 
non-Zero but too small in.magn/tude to be represented by a number other than LerD, and domain-error is returned by an 
elemenbry-oper&ion dled with arguments for whrch its mathematical counterpart is undefined, such as one divide&by 
zem. 

The treatment of ex~nent-overt7ow and expnent-underflow is not specified by this Standard, except as suggestions to the 
implementer. Implementers should avoid having exponen&overfJow and ex/WRWlt-underflow OCCU~ in the intermediate 
results of impiementation-algotitms wherever possible. In any case, exponent-underflow shouid not Cause a Limit-ern>r. 

The fact that these fundamental algorithms arc effectively undefined in the Standard is intentional. A definition general 
enough to cover all known and possible floating-Point Systems was felt to be less USefUl than the requirement that the 
internal representation for numbers in a conbrming-impiemenbtion be descfibed in the requi~documenbüon for the 
implementation. 

5. Definitions 19 
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5.2.2 Number Constants 

No@: The following numbers, used in this Standard, are defined here as terms to make clear the distinction between APL 

constant arfays represented as strings of APL digits, such as 1, and members of the the implemenbüo~dMned finite set 
containing numbers, such as one. 

These terms are always set in hold when they are used in this formal sense. They arc not Cross-indexed. 

Zero: A number such that, for gny number A, A plus zero is A. 

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

NegativeOne: Zero minus one. 

Two: One plus one. 

Three: Two plus one. 

Four: Three plus one. 

One-half: One divided-by two. 

20 APL Standard 
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52.3 Subsets of the Set of Numbers 

Note: The following subsets of the numbers arc used to define the domhins of operations. 

Booiean: zem Er one. 

Note: Fake is represented by LMD, true by one. 

No& A ccwnüng-numbw is a member of the subset of t??e numbers accessible under a successor functo’on. 

P ositive-Counting-Number: one 
a positive-counting-number. 

or any number that tan be generated by A plus one, where A is 

Negative-Counting-Number: 
plus negative-one, where 

The number negative-one or any number that tan be generated by N 
N is a negative-counting-number. 

Nonnegative-Counting-Number: A positive-counting-number or zem. 

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

Note: An in&geß is a member of the subset of the numben accessible from rero and om through addiüon and subtraction. 

Positive-Integer: A positive-counting-number or a number that tan be generated by A plus B, 
where a and B are positive-integers. 

Negative-integer: 
where A and B 

A negative-counting-number or a number that tan be generated by A plus B, 
are negati.ve-integers. 

Nonnegative-Integer: A positive-integer or zem. 

Integer: A negative-integer or a nonnegative-integer. 

Positive-Number: A positive-integer, or a number other than zem that tan be generated 
times B, by A divided-by B, or by A plus B, where A and B are positive-numbers. 

bY A 

Negative-Number: A negative-integer, or a number other than zero that tan be generated by A 
times B, by A divided-by El, or by C plus D, where A is a positive-number and B, C and 
D are negative-numbers. 

Nonnegative-Number: A positive-number or zem. 

Note= The numbers are assumed to comprise t&?e negaüv~numbers and the nonmzgative-numbers. 

5. Definitions 21 
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Example 

Consider a normalised base-2 floating Point number System with a two position exponent fieid and a two position mantissa field 
with the radix Point between the digits. The decimal values representable with this System and the categories into which each 
falls arc as foilows: 

Exponent 
in Base 2 

Man tissa 
in Base 2 

Value 
in Base 70 

Boolean Countinp 
Number 

Integer 

00 00 0 Y Y Y 
00 70 7 Y y y 
00 77 7.5 
07 70 2 Y Y 
07 . 77 3 Y Y 
70 70 4 Y Y 
70 77 6 Y 
77 70 8 Y 
77 77 72 Y 

As tan be seen in this example, cuunting-numbers 
a power of the numbet System base. 

A given number, such as a counüng-number, may have several hafdware representations. 
resources, these representations shouid be indistinguishable to a conforming-program. 

form a dense subset of the integers; the largest counting-number is typically 

Except for their efFect on System 

22 APL Standard 
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5.2.4 Implementation Algorithms 

An lmpiementation-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 
Function-Display 
Gamma-Function 
Hyperbolic-Cosine 
Hyperbolic-Sine 
Hyperbolic-Tangent 
Inverse-Cosine 
Inverse-Hyperbolic-Cosine 
Inverse-Hyperbolic-Sine 
Inverse-Hyperbolic-Tangent 
Inverse-Sine 
I nverse-Tangent 
Matrix-Divide 

. Minus 
Modulo 
NaturalmLogarithm 
Next-Definition-Line 
Numeric-Input-Conversion 
Numeric-Output-Conversion 
Pi-Times 
Plus 
Pseudorandom-Number-Generator 
Read-Keyboard 
Sine 
Tangent 
Times 
Time-Stamp 
To-the-Power 
Trace-Display 

The foilowing implementation-algorithms take a number as an argument and return either a number 
or an error: Cosine Exponential Gamma-Function Hyperbolic-Cosine Hyperbolic-Sine 
Hyperbolic-Tangent lnverse-Cosine lnverse-Hyperbolic-Cosine lnverse-Hyperbolic-Sine 
Inverse-Hyperbolic-Tangent lnverse-Sine Inverse-Tangent NaturalmLogarithm Pi-Times Sine 
Tangent. 

The following implementation-algorithms take two numbers as arguments and return either a number 
or an error: Divide6by Minus Modulo Plus Times To-the-Power. 

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

5. Definitions 23 
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5.2.5 Defined Operations 

d Equals B: An Operation that, for A and B numbers, returns one if A and B are the Same 
number, and zero otherwise. 

Sign of dz An Operation that, for W a number, returns one if A is a positive-number, zero if W is 
Zero, and negative-one if A is a negative-number. 

A is Greater-Than B: An Operation that, for A and B numbers, returns one if 2l, is a 
positive-number and B is a negative-number, returns one if A minus B is a positive-number, 
and returns zero otherwise. 

a is Less-Than B: An Operation that, for A and B numbers, returns E greater-than A. 

Negation sf d: An Operation that, for any number A, returns zwo minus d. 

Absolute-Value of A: An Operation that, for any nunaber A, returns A if A is a 
nonnegative-number, and the negation of A otherwise. 

Exact-Floor of A: An Operation that, for any number A, returns the highest integer E such that E 
equals A or E is less-than 8. 

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

hlote: The two preceding definitions assume that the highest and lowest numbers are integers (as is in pfactice the case in 
Computers). 

Open-IntervallBetween A and E: An Operation that, for any numbers A and E, returns a subset 
of the numbers as follows: if A is not greater-than E, the set of all numbers greater-than A and 
less-than E; otherwise, the open-interval-between E and A. 

Closed-Interval-Beween A and E: An Operation that, for any numbers A and E, returns a subset 
of the numbers consisting of A, E, and the open-interval-between A and E. 

Left-Neighbourhood of A Determined-by E: An Operation that, for any numbers A and E, 
returns the closed-interval-between A and A minus the absolute-value of (A times E). 

Distance-Between A and E: An Operation that, for any two numbers A and E, returns the 
absolute-value of A minus E. 

A is Tolerantly-Equal to E Within C: An Operation that, given three numbers A, E, and C, 
returns a Boolean 2 determined as follows: 

If A equals E, then 2 is one. 
If the sign of A differs from the sign of B, then 2 is zem. 
If the absolute-value of E is greater-than that of A, and the absolute-value of A is in the 

left-neighbourhood of the absolute-value of E determined-by C, then Z is one. 
if the absolute-value of A is greater-than that of E, and the absolute-value of E is in the 

left-neighbourhood of the absolute-value of d determined-by C, then Z is one. 
Othetwise, 2 is Zero. 

Tolerant-Floor of A Within E: An Operation that, for A a number and E a nonnegative-number, 
returns an integer 2 determined as follows: 

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

If C is less-than A, then Z is C. 
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-- Otherwise, 

If C is not zerq then 2 is C if A is tolerantly-equal to C within E, and 2 is C minus one 
otherwise. 

lf 6 is Zero, then 2 is zeto if A is in the closed-interval-between the negation of E and 
zepo, and negative-one otherwise. 

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

Let C stand for the negation of A. 
Z is one if the tolerant-floor of C within E equals the negation of the tolerant-floor of A 

within E, and zero otherwise. 

A is a Near-Integer: An 
integer-tolerante, and 

Operation that, for a number 
zee8 otherwise. 

A, returns one if A is integral-within 

Alot~- Thii definjtion conbins a forwafd reference to integer-tderance. 

Integer-Nearest-to A: An Operation that, for a near-integer A, returns the tolerant-floor 
within integer-tolerante. 

of A 

A is Near-Boolean: An Operation that, for a near-integer A, returns one if the integer-nearest-to A 
is a Boolean, and zere otherwise. 

No& Note that near-integers and near-Booleans inctude numbers 
bhe Operation integer-neatest-to maps such numbers to Zero. 

absolu*value is less-than integer-Werarme. 
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5.3 OBJECTS 

NoW The description of APL in this document is based on objects - abstract data structures that abe described in terms of 
charactefs, numbers, and elementary set theory. 

Esch Object has a smaII set of named attributes that take on values that are characters, numbers, or other objects. 

Esch Object has additionaily a small set of operations that tan be performed upon it 

Ai1 the objects in the description are defined here, as are all the attributes of each Object 
they are needed. All objects, attributes, and operations are cross-referenced in the index. 

The operations arc introduced as 

5.3.1 Lists 

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

List: An Object with the following attributes: 

Index-Set: A finite set I of positive-counting-numbers Chosen so that for evety subsef of 1, 
except the empty set, the cardinality of that subset is in I. 

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

Empty-List: A list, the cardinality of whose index-set is Zero. 

Nonempty-List: A list, the cardinality of whose index-set is greater-than Zero. 

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

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

No&?: 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-ltem in L: An Operation that for a nonempty-list L, and for C the number-of-items in L, 
returns item C of L. 

Rest-of C: 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 J in the 
index-set of R, item J of R is item (J plus one) of L. 

Product-of 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 L, 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. 

Asray: 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. 

The number-of-items in the ravel-list of an array A is the Same as the product-of the shape-list of 
d . 

If the type of A is Character, the ravel-list of d is a list of characters; if the type of a is numeric, 
the ravel-list of A is a list of numbers. 

Rank of A: An Operation that, for an array or array-of-vectors d, returns the number-of-items in 
the shape-list of A. 

Scalar: An array whose rank is Zero. 

Numeric-Scalar with value 1: For 1, a number, the scalar 2 such that the type of 2 is numeric 
and the ravel-list of 2 is the list L such that the number-of-items in L is one and the first-item 
of L is I. 

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

Vector: An array whose rank is one. 

Length of A: For d a vector, the count of d. 

Typicai-Element of .d: For d an array, if the type of d is Character, the Character blank; if the type 
of d is numeric, Zero. 

Empty: Of an array d, the count of d is Zero. 

One-Element-Vector: A vector A is a one-element-vector if the length of d is one. 

K is a Valid-Axis of d: An Operation that, for d and K arrays, returns one if K is a scalar or 
one-element-vector, and the first-item in the ravel-list of K is a near-integer, the 
integer-nearest-to which is a member of the index-set of the shape-list of d; and returns rero 
otherwise. 

Axis K of d: An Operation that, for A an array and K a valid-axis of d, returns item K of the 
shape-list of d. 

Array-of-vectors: An Object with the foilowing 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 d with non-zero rank N, produces 2, an 
array-of;vectots of rank N-l such that the shape-list of 2 is the shape-list of A with item K 
omitted. Esch item of the ravel-list of 2 is a vector whose length is the Same as axis K of A. 
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Note: Some operations on vectors extend to 
an expositofy device used in the defrnition 

arrays of greater 
of these Operation& 

rank in a manner similar to scalar-extension. A/ong-axo’s is 

Vector-ltem 1 of d: An Operation that, for an array-of-vectors d, returns item k of the ravel-list sf 
d . 

Ravel-Along-Axis K of d: An Operation that, for an array d with non-zero rank N, produces an 
array-of-vectors 2 such that the shape-list of 2 is the product-of the shape-list of d with item K 
omitted, and the ravel-list sf 2 is the ravel-list of along-axis K of d. 

First=Scalar in d: An Operation that, for d a nonempty array, returns a scalar 2 such that the 
type of Z is the type of d and the ravel-list of 2 is the first-item in the ravel-list of d. 

Remainder-of d: An Operation that, for d a non-empty vector, returns a vector Z such that the 
type of 2 is the type of d, the length of 2 is negative-one plus the length of d, and the ravel-list 
of 2 is the rest-of the ravel-list sf d. 

Row 1 of d: An Operation that, for d an array of rank Wo and 1 a number, returns vector-item 
1’ along-axis two of d. 

Number-of-Rows in d: An Operation that, for d an array sf rank two, returns item one of the 
shape-list of d. 

Integer-Array-Nearest-to d: An Operation that, for d an array having the property that each item 
of the ravel-list of d is a near-integer, returns a numeric array 2 such that the shape-list of 2 is 
the Same as the shape-list of d and each item of the ravel-list of Z is the integer-nearest-to the 
corresponding item of lhe ravel-list of d. 

Boolean-Array-Nearest-to d: An Operation that, for d an array having the property that each item 
of the ravel-list of d is a near=Boolean, returns the i nteger-array-nearest-to d. 
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53.3 Defined-Functions 

Notuz A dW?eHUmtion represents a fmction defined by a User. The attributes of a de#&~nctiisn are given here. 
Sperations are described in the Mned Fundions chapter. 

Defined-Function: An Object with the following attributes: 

Canonical-Representation: A Character array whose rank is two. 

Stop-Vector: A numeric vector. 

Trace-Vector: A numeric vector. 
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5.3.4 Pokens 

Class-Names: A set containing the following members: 

Assignment-Arrow 
Axis-Error 
Branch 
Branch-Arrow 
Character-Litera1 
Clear-State-lndicator 
Colon 
Command-Complete 
Committed-Value 
Complete-Index-List 
Constant 
Defined-Function 
Defined-Function-Name 
Definition-Error 
Distinguished-ldentifier 
Domain-Error 
Dyadic-Operator 
Elided-Index-Marker 
Escape 
lmplicit-Error 
lncorrect-Command 

’ Index-Error 
Index-Separator 
Interrupt 
Label 
Label-Name 
Left-Argument-Name 
Left-Axis-Bracket 
Left-End-of-Statement 
Left-Index-Bracket 
Left-Parenthesis 
Length-Error 
Limit-Error 

Local-Name 
Monadic-Operator . 
NII 
Niladic-Defined-Function 
Niladic-Defined-Function-Name 
Niladic-System-Function-Name 
Not-Copied 
Not-Erased 
Not-Found 
Not-Saved 
Numeric-Litera1 
Partial-Index-List 
Primitive 
Primitive-Function 
Rank-Error 
Result-Name 
Right-Argument-Name 
Right-Axis-Bracket 
Right-End-of-Statement 
Right-Index-Bracket 
Right-Parenthesis 
Semicolon 
Shared-Variable 
Shared-Variable-Name . 
Simple-ldentifier 
Small-Circle 
Syntax-Error 
System-Function-Name 
System-Variable-Name 
Unwind 
Value-Error 
Variable 
Variable-Name 

Token: An Object with the following attributes: 

Class: A member of the set Class-Names. 

Content: A number, a Character, or an Object, according to the class of the token, as indicated 
in Table 2. 

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

The class of a token is a straightforward indication of the sort of Object it represents. A token of dass nil, for example, is 
used to return a value-error from a defined function that does not Set its result name. Note that class-names is an 
enumerated set. Thrs means that nil has no definition other than its literal appearance on this Page. Its significance, like 
the signifrcance of APL characters in this document, lies in the ust? of itS name in evaluation sequences. 

The content of a token varies with the dass of the tiken. If specified, the content is a charactw, a Ost of charactets, a /ist 
of numbers, an array, an index-list, a shared-variable, or a definwi-function. 
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Table 2 - Relationship between Class-Name and Content 

Class-Name 

Assignmnt-Armw 
Axis-Ermr 
Bfanch 
Brand?-Anow 
Character-titefal 
Clear-Sbtelndkatof 
Colon 
Command-Complete 
CommittedValue 
CompletWndex-tist 
Constant 
Defined-Funcüon 
DefinedFurrction-Name 
De#lnition-Error 
Distinguis~identifier 
Domain-Error 
DyadieOperator 
Elided-Index-Marker 
Escape 
Implici t-Errof 
Incorrect-Command 
Index-Error 
Index-Sepafator 
Interrupt 
Label 
Label-Name 
LM-Argument-Name 
MY-Axis-Bracket 
Let?-End-oHtatement 
Le#Wndex-Bfacket 
Left-Parenthesis 
Length-Error 
Limi t-Effor 

Content 

An array 

A Ost of characters 

An array 
A n index-lis t 
An array 
A defined-function 
A /ist of characters 

A /ist of characters 

A Character 

An array 
A /ist of characters 
A /ist of chafacters 

Class-Name Content 

Local-Name A /ist of characters 
Monacfk-Operator A Character 
Nil 
NiladioDefTned-Funotion A defined-function 
Ni/adieDefCned-Function-Nam A /ist of characters 
Nj~adic-System-Funcu’o~~ame A /ist of characters 
Not-copied 
ffot-Erased 
Not-Found 
Not-Saved 

/ Numefiemefai A /ist of numbers 
Partial-index-List An index-list 
Primitive A Character 
Primitive-Function A Character 
Rank-Errof 
Result-Name A /ist of characters 
Rignt-Argument-Name A list of characters 
Right-Axis-Bracket 
Right-Endet-Statement 
Right-index-Bracket 
Right-Parenthesis 
Semioolon 
Shared-Vatiable A shared-variable 
ShamHfariableName A /ist of characters 
Simpleldentitier A /ist of characters 
Small-Circle 
Syntax-Ermr 
System-Function-Name A list of characters 
System-VaNabieName A /ist of characters 
Unwind 
ValueErfof 
Variable An array 
Variable-Name A /ist of chafacters 
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5.3.4.1 Metaclasses 

Note: MetadaSSes afe subsets of the enumerated set class-names. They are used to shoften evaluation sequences by 
abstfacting a sequence of tests on the class of a token into a Single test for membership in a metaclass. “If B is an errw,’ is 

equivalent to “if the c/ass of B is in the metaclass errw.” 

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. 

Lexicaldnit: A metaclass containing primitive, literal, and identifier. 

Value: A metaclass containing committed-value and constant. 

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

Defined-Name: A metaclass containing shared-variablename, variable-name, 
defined-function-name, niladic-defined-function-name, result-name, left-argument-name, 
right-argument-name, label-name, and local-name. 

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

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

SyntacticUnit: A metaclass containing the members of classified-name and delimiter. 

Error: A metaclass containing axis-error, domain-error, implicit-error, index-error, length-error, 
limit-error, rank-error, Syntax-error, value-error, and interrupt. 

Note: This mebciass 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-saved. 

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

Result: A metaclass containing nil and the members of exception and value. 

32 APL Standard: 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (E) 

5.3.4.2 Index-List 

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

5.3S Symbols 

Symbol: An Object with the following attributes: 

Name: A- list of characters. 

Referent-List: A list of tokens. 
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53.6 Contexts 

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

Context: An Object with the following attributes: 

Mode: An element of the enumerated set mode-names. 

Stack: A list of tokens. 

Current-Line: A list of characters. 

Current-Statement: A list of tokens. 

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

Current-Line-Number: If mode is definedfunction, an index; otherwise undefined. 

5.3.7 Workspaces 

Note: The workspace is the basic 
and environmental information. 

organisational unit in an APL System. A workspace contains data, progfams, execution Status, 

WorkspacePresence: An enumerated set containing absent and present. 

Werkspace: An Object with the following attributes: 

Owner: A user-identification. 

Werkspace-Name: A list of characters. 

Symbol-Table: A list of all Symbols whose names are unique. 

State-lndicator: A list of contexts. 

Existential-Property: A member of the enumerated set werkspace-presence. 

Clear-Werkspace: A workspace with the following values: 

Owner: this-owner. 

Werkspace-Name: The clear-werkspace-identifier. 

Symbol-Table: A list of all Symbols whose names are unique and whose referent-lists each 
consist of the list whose only member is nil. 

State-lndicator: 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-ldentification: Either a number or a 
list of characters, depending upon the implementation-Parameter user-identification-type. 

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

Session: An Object with the following attributes: 

Active-Werkspace: A workspace. 

This-Session: A session-identification. 

This-Owner: A user-identification. 

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

Keyboard-State: A member of the enumerated set keyboard-states. 

Current-Prompt: A Character vector. 

Quote-Quad-Prompt: A Character vector. 

Current-Context: The first-item in the state-indicator of the active-workspace. 

Current-Stack: The Stack of the current-context. 

Symbol-Named-By 2’: The Symbol in the symbol-table of the active-workspace whose name is 
the Same as the content of the token T. 

Current-Referent of T: The first-item in the referent-list of the symbol-named-by T. 

Current-Class of 2’: The class of the current-referent of T. 

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

Comparison-Tolerante: The current-content of IICT. 

Random-Link: The current-content of ORL. 

Print-Precision: The current-content of CIPP. 

Index-Origin: The current-content of 010. 

Latent-Expression: The current-content of OLX. 

System-Parameter: 
latent-expression 

Any of comparison-tolerante , random-link , print-precision , index-origin , or 

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

No&: A share+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-B-Active: A Boolean. 

SesSion-B-ACV: A Boolean vector of length foui. 

Shared-Name: An identifier. 

Shared-Value: A token, either a constant or nil. 

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

Note: The operations in the chapter Shared Variables use the shared-variable attributes as follows: 

Session-A: The session-identitlcation of the first Session to offer the sharecl-variable. . 

Session-A-Active: A Boolean; one if sessiomA is currently sharing this shared-variable, Zero if nat. 

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

Session-B: The session-identiftcation of the Session with which sessiond offered to share the shamd-variable; this may be 
the general-ol&r whrle sbte IS one. 

Session-B-Active: A Bcadean; one if Session-B is currently sharing this share&variable, zem if nat. 

Session-B-ACV: The contribution of Session-B to the ACV. 

Shamc%Name: An Wentiper, the name Session-A designated for this shared-variable. 

Shamf-Value: A Wen of class umsbnt or nil; the current value of this share&variable. 

SbZe: An integer, 
delayed. 

either one, or two, used in combination with the ACV to determine which Opera tions must be 
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53.10 Systems 

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

System: An Object with the following attributes: 

Library: A Iist of workspaces in which each combination of possibie values for the attributes 
owner and werkspace-name occurs exactly once. 

Active-Users: A list of Sessions. 

Shared-Variable-List: A list of shared-variables. 

Implementation-Parameters: The following quantities, referred to in this Standard by name, whose 
values are implementation-definod: 

Atomic-Vector: An implementation-defined Character vector containing every member of the 
Character-Set exactly once. 

Initial-Comparison-Tolerante: A member of the internal-value-set for comparison-tolerante 
that is the value sf comparison-tolerante in a clear-workspace. . 

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

Initial-Latent-Expression: A member of Zhe internal-value-set for latent-expression that is the 
value of latent-expression in a clear-workspace. 

Initial-Print-Precision: A member of the internal-value-set for print-precision that is the value 
of print-precision in a clearmworkspace. 

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

Clear-Werkspace-ldentifier: A list of characters. 

Positive-Number-Limit: The number greater-than ail 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. 

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 maximum value 
of any item of the shape-list of any array, ignoring storage limitations. 

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

Rank-Limit: An index not greater than count-limit that specifies the maximum value for the 
rank of any array, ignoring storage limitations- 

Werkspace-Name-Length-Limit: A positive-counting-number 
num ber of characters in a werkspace-name. 

that specifies the maximum 

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 nennegative-counting-number that specifies the maximum 
number of characters that tan be used in a prompt set by Quote Quad Output. 
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Comparison-Tolerante-Limit: The largest number permitted by the impiementation for the 
System Parameter comparison-tolerante l 

Integer-Tolerante: A number not greater than comparison-tolerante-limit used to determine 
whether a given number is to be considered integral. 

Full-Print-Precision: The sm.aIlest positive-counting-number which, when used as the value of 
print-precision , Causes numeric-output-conversion to produce a unique 
numeric-scalar-literal for evety number. 

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

Note: Print-precision-limit 
representation. 

must be at least if every unique number is to have a unique decimal 

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

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

User-ldentification-Type: 
numeric. 

A member of the enumerated set array-type, either Character or 

Indent-Prompt: A list of characters 
immediate-execution mode. 

used to indicate to the user that the Session is in 

Quad-Prompt: A list of characters used to indicate to the user that the Session is in quad-input 
mode. 

Function-Definition-Prompt: A list of characters used to indicate to the user that the Session is 
in function-definition mode. 

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

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

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

Any action that wouid Cause a limit specified by an implementation Parameter to be exceeded shall 
Signal a limit-error. 
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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 evaiuation sequence 

‘otherwise” clause is evaluated only if at 

lf A isa vectw and B is a 

fragment 

least one 

below, the indented text is 

ofA or B is not a vectw. 

evaluated only if both A and B are vectws; 

if A is empty and - 

0 therwise, return *.. 

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

54.1 Evaluation Sequence Phrases 

Note: The following phrases are used in evaluation sequences. They are not set in hold type nor Cross-referenced when 
employed in evalua tion 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 antecedent 
A . 

Example: 

For ail 1 in the i-x-Set of A, 

Set item 1 of the ravel-/ist of A to Zero. 
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Fier form F, C: 

For Pattern 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 OP form F is the one that caused this evaluation sequence to 
be selected. 

Example: 

For ferm A+B 

lf B is a scalar O.. 

For ferm AeB 

if . . . 

If A, C: 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 A is one. 

If T is an mc, C: For T a teken and mc a metaclass, an evaluation sequence Phrase equivalent 
to “If the class of T is in the metaclass mc, C.” l 

Let A stand for B: An evaluation 
an ab breviation for the p hrase B in 

sequence 
subseque 

Phrase used 
nt evaluation 

to indicate 
sequence 

that the name A is to be 
lines. 

Qtherwise, C: An evaluation sequence Phrase used to indicate that the actions Iisted in 
consequent C are to be performed only if the antecedent in the immediately preceding if 
Phrase was Zero. If a consequent is an indented Paragraph, the immediately preceding if 
Statement 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 is to be executed repeatedly until a return or Signal Phrase is encountered. The end of 
a repeated 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 
sequence is to stop and that a token is to be returned to the caller of the evaluation sequence. 
If X is a token, then X is returned; if X is an array, a token of class constant and content X is 
returned. 

Set A to B: An evaluation sequence Phrase used to specify that the referent of A is to be 
assigned the value B. 

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

Using 0, C: An 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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5.42 Diagrams 

Uote: Diagrams are used in this Standard to indicate permissible sequences of characters or of Wem. 

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 A. 

A characteradiagram is threaded with a list of characters by setting a list-cursor to the first 
item in the list, and a diagram-cursor to the arrow-tail ‘>>-‘, in the diagram, then 
progressing along paths in the diagram to the arrow-head ‘-++‘. The diagram-cursor 
advances to the left only through a left rectifier I-c-‘. lt advances upward only after it has 
just passed a right rectifier ‘->-’ or a left: rectifier “-<-‘. Otherwise, the diagram-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 such as 5, 
that graphic Symbol must be pointed to by the list-cursor, which then also advances. f-sr the 
diagram-cursor to advance, along a path labelled with a diagram name, that diagram must 
itself be threaded, using the Same list-cursor and a new diagram-cursor. If in either case the 
diagram-cursor cannot advance, the diagram-cursor is set back to the previous junction, the 
list-cursor is set back correspondingly, and a new path is tried; or if the diagram-cursor is now 
at the arrow-tail, the diagram cannot be threaded with the list. 

16 a route is found through a diagram for a given list of characters, it is unique. In this case, 
the diagram tan be rethreaded, following the Same route without entering blind alleys. For 
example, characters are collected into identifier tokens through actions performed while a 
Character-diagram is being rethreaded. 

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

Rethread D with A: An evaluation sequence Phrase used to indicate that the route found by 
a previous threaded Phrase is to be threaded again, in Order to effect certain actions 
through when phrases. 

When A, C: An evaluation sequence Phrase used during a rethread Phrase to indicate that 
when the antecedent A is true, the consequent C is to be performed. 

A Matches 19: An Operation that, for diagram D and list A, is true if A is a member of the set 
of lists designated by D, and false otherwise. 

A list matches a diagram if it tan be threaded i n such 
remaining in the list when th e fm al exit path is taken. 

a WaY that there are no items 

Note: The question of whether a /ist matches a diagram is different from the question of whether a list tan ttvead a 
dragram, srnce there will normally be rtems left over In a list once a diagram has been threaded -- in collecting the 
digrts rn a number, for example, the cligit diagram removes Only one digit at a time from a /ist of charactws. 

5. Definitions 41 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (EI 

5.5 OTHER TERMS 

Sideeffect: 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. 

hlotw For example, the specification of items 3,4, and 5 of hl in the APL line 

B + ACS 4 51 + 2 

is a side effect, since the resu/t placed in B is the scalar 2; further, since indexed assignment is specified to be atomic, no 

Change to A will occur if the indexed assignment fails with, for example, an index errof. 
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6 SYNTAX AND EVALUATION 

6.1 INTRODUCTION 

Note: This chapter specifies the rules for evaluating lines. These rules are used by the subsections execute, quad input, 
immediate-execuüon, and Mnec#-flrnctiomc~tn>l. 

Phe wies are deseribed in three subsections, evaluate-he, evahiate-sbtement, and redu~sbtement 

The data structures and procedutes used to describe Syntax and evaluation in this Standard are 
strictly expository devices; they are not intended to represent required or desirable impiementation 
techniques. The Order of reporting errors implied by the diagram-matthing actions in the model is 
not required. 

6.1 .l Evaluate-Line 

Form: Evaluate-Line 

Informal Description: Evaluate-line is the principal procedure in the evaiuation of APL lines. It 
decomposes the list of characters named current-line into lexica!-units according to the 
Character-diagram named line. 

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

Evaluate-line calis evaluate-Statement to convert the lexical-units into a result. 

Note that the result tan be a constant (from, for example, 2+2), committed-value (from A+l), nil 
(Q * 1 ), branch (Q T +3 t ), escape (+), unwind (+), ermr (2 -), clear-state-indicator (from )sIc ) or 
interrupt (from signal-interrupt). 

Note: The handling of these result 
should be analysed carefully. 

classes by the different callers of evaluate-iine specifies the tfeatment of exceptions, and 

Evaluate-line is called from evaluation sequences in the subsections defined-function-contml, execute, 
immediate-execution, and quad-input. If the optionalfacility Statement-separator-facility is 
implemented, evaluate-line evaluates successive Statements in current-line beginning with the 
leffmost Statement and continuing until evaluation produces an exception or the rightmost Statement 
has been evaluated. 
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Evaluation Sequence: 

Set C to the empty-list of characters. 
Set current-Statement to the empty-list of tokens. 
Thread line with current-line; if current4ine does not match Iine, Signal Syntax-ermr. 
Rethread line with current-line, taking the foilowing 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 Character just passed. ’ 

When a Character-diagram ending in -* > Y -is recognised, 

Append to current-Statement as a new last item a token with class given by the name of 
the Character-diagram and with content C. 

Set C to the empty-list of characters. 

When the optional=facility Statement-separator-faciIity 
Character-diagram statemenbseparator is recognise 

Set 2 to evaluate-Statement. 
If 2 is an exception, return 2. 
if 2 is a constant, display 2. 
Set current-Statement to the empty-list of tokens. 
Set C to the empty-Iist of characters. 

When the Character-diagram line is matched, 

Set 2 to evaluate-Statement. 
Return 2. 

is impiemented and the 
d 9 
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6.12 Character-Diagsams 

The diagrams in this subsectionare Character-diagrams: the APL Graphit Symbols such as V in 
these Character-diagrams match corresponding charactem in the required-Character-Set. 

Line 

Identifier 

-1iteral 

-<- primitive < 

-<- Character < 
-1iteral 

space 

<- Statement < 
-separater 

>> 

>......,:,i,> 

>- simple-identifier > 

. 

>- distinguished-identifier -> >> 

Simple-ldentifier 

>>- letter -> > *>> 

-<- letter 

-<- digit 

-<- underbar - 

Distinguished-ldentifier 

>T-z > ->,~>~L*>> 
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Numeric-Litera1 

>> ->- numeric ->- 
-scalar 
-1iteral 

-< 
-T- 

<- blank -< 
-T- 

<- 

->- 

Numeric-Scalar-Liteml 

d Stands for digit. 
e Stands for exponent-marker. ’ 
m Stands for overbar. 
p Stands for dot. 

>> m- 

L 

-‘T<J’-‘T: 7-i 

-e m 

? 

Example: 

-12,34567E-890 

C haracter-Litera1 >> 
-lI 
>- quote -> 

71 

> > 

J 

>- quote -> 

i 

*>> 

<- nonquote -< 

< < 

46 APL Standard* 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (El 

Comment 

>>- lamp 

>>..r.***>> 

Primitive 

>> ideogram - *>> 

Spate 

blank 

I***>> 

Nonquote 

diamond I 

c 
>-L 
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Statement-Separator 

----l 
diamond 

Letter 

Digit 

--Tm-mTl 
0123456789 

, **>> 
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Ideogram 

>> -T . - 
I l 8 - 

a 5 =>>#vA-s-l-x 

1 > l 
l > 
1 > I 

b ‘ 

I * 

. - 

c>nULTI;:\,./ 

> 

1 l > 
1 1 > 
1 * I 

Quote Exponent-Marker 

>>I -> 
‘L 

E 

**>> I **>> 

6. Syntax and Evaluation 49 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (El 

Del-Tilde 

Underbar 

Overbar 

‘>>- 
l- **>> 

Blank 

-> 
L **>> 

Del 

>>I 
Q 

I **>> 

>>> f? 
l- **>> 

Lamp 

=‘m Fl 
l- **>> 

Qiad 

‘>> Cl 
l- **>> 

Quote-Quad 

=1 Cl 
l- **>> 

Diamond 

>>b 
I **>> 
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Example 

The example introduced in this subsection is continued through the Syntax analysis Portion of this Standard. 

AtTer evaluate-line has processed the wrrent-lim 

ABC+FN O@[l+O] DEF[1;5 61x3.~5E4,pqABC' QCOMMENT 
wrmnt-statment Looks like this: 

ldentification Content 

TO1 'ABC' 
T02 ft' 
T03 IFN' 
TO4 'Cl' 
T05 
TO6 
T07 
TO8 
TO9 
Tl0 
Tl1 
Tl2 
Tl3 
Tl4 
Tl5 
Tl6 
Tl7 
Tl8 
Tl9 
T20 
2721 

P 1 @ 
’ C’ 
‘1’ 
O+’ 
‘0’ 
Ol’ 
ODEF' 
q &' 
'1' 
t l I 

'; 6' 
‘1 t 
fX’ 

q3.45E4q 1 t 
*pt 

qqABCqq 

Class 

simple-identifier 
primitive 
simple-identifier . 
distinguished-identifier 
primitive 
primitive 
numeric-literal 
primitive 
numeric-literal 
primitive 
simple-identifier 
primitive 
numeric-literal 
primitive 
numeric-literal 
primitive 
primitive 
numeric-literal 
primitive 
primitive 
Character-literal 

Esch token has a conterot, which is a /ist of characters, and a class, which is in the metaclass lexical-unit. The tokens produced 
are numbered TO 1 to 172 1 for later reference. Note that comments and blanks between tokens are discarded during this 
tokenisation process. 

hlot~ As the diagram line Shows, identifiers and numeric literals are separated by one Of more Spates, character-literals, or 

primitives. 1 ABCqAq isaline, 1ABC'A' is nat. No such Separation rule applies to primitive function symbois. 
1 p ' AB q is a line. 

The sequence 3 + . 4 is pamed numrieliteral, wmitive, numetiditeral 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 Statement-separater-facility is an optional-facility. 

Parsing an identifier token Signals a Iimit-error if the number-of-items in the list of characters is 
greater than identifier-length-limit. 
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6.1.3 Evaluate-Statement 

Evaluate-Statement 

Informal Description: Evaluate-Statement 
the cursent-context. 

is performed on current-Statement, a list of found in 

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-diagram named Statement to veriw that the Statement is properly formed and to 

resolve certain ambiguous tokens. For example, the token containing 1 is resolved to either 
right-axis-bracket or right-index-bracket. 

lt calls the evaluation sequence in the subsection reduce-Statement to convert the 
current-Statement to a result, which it returns to its caller. 

Evaluate-Statement is called by evaluate-line. 

Evaluation Sequence: . 

For every index I in the index-set of current-Statement, 

Let T stand for item 1 of current-Statement. 
If T is an identifier, set Q to bind-token-class of T 
If T is a literal, set Q to the literal-conversion of T. 
If T is a primitive, set Q to T. 
If Q is an exception, return Q. 
Otherwise, set T to Q. 

Thread Statement with current-Statement; if Statement cannot be matched, Signal Syntax-error. 
Rethread Statement w lith 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 to current-Statement as a new first Rem a left-end-of-Statement token. 
Append to current-Statement as a new last item a right-end-of-Statement token. 

Set 2 to reduce-Statement. 
If mode is defined-function and current-line-number is in current-frace-vector, set 2 to 

trace-display of 2. 
Return 2. 

Additional Requirement: 

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

The Syntax evaluator used here distinguishes axis brackets from index brackets in Order to classiv a 
function immediately to the right as monadic or dyadic. For example, the evaluation of @ C pX1 + 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 tan be observed only through side etiects. 
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6.1.4 Bind-Token-Class 

Bind-Token-Class of T 

Informal Description: Bind-token-class is used to bind each identifier in current-Statement to its 
current syntactic-unit; if the class of a token changes between this Point and the time the token is 
used (as it would for example in F OEX * Fq I 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 defming the meaning of Statements only when the Syntax 
class of their tokens does not Change in mid-Statement. Conforming-implementations may, of 
course, 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 T 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 sf class shared-variable-name and content f. 
label, return a token of class constant and content the current-content of T. 
Note= Other cases cannot occur. 

If T is a distinguished-identifier, 

If both forms 2 + f and 2 + f + B occur in the form-table, return a token of class 
system-variable-name and content f. 

lf the form 2 + f occurs in the form-table, but the form 
2 + f + B does not, return a token of class niladic-system-function-name and content f. 

If either form 2 + f B or form 2 + 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 LiteraKonversion 

Literal-Conversion of T. 

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

Evaluation Sequence: 

If T is a Character-literal, generate 2, a Character vector such that the ravel-list of 2 is the 
content of 27 with the initial and final quotes removed, and each pair of adjacent quotes in T 
reptaced by a Single quote. 

If T is a numeric-literal, generate 2, a numeric vector such that the ravel-list of 2 is a list of 
numbers, each of which is obtained by calling the implementation-algrrithm 
numeric-input-conversion for the corresponding numeric-scalar-literal in the numeric-literal. 

If the length of 2 is greater-than one, return 2. 
Otherwise, return first-scalar in 2. 

Note: A quote Character is represented in a Character-iiieral by two adjacent quote characters. A Single Character between 
quotes is a scalar. All other cases are Character vector literals. For example, the character litefal q q is the empty charac&r 
vector literal and the Character literal * q q q is the Character scalar ‘quote’. 

A numefic literal containing a Single number is a scalar. A numeric literal containing two or more numbers is a vectof. 
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6.1,6 Statement-Analysis Poken-Diagrams 

Paths containing ideograms such as @J 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 dass. 

Statement 

> >-> T >- branch-arrow -> 1 
I > 

t 

>- expression -> 

> J-., 

Expression 

Operation 

>> >- assignment > 

->- defined-function -> 
-name-token 

->- system-function -> 
-name-token 

->- derived-function -> 

Assignment 

>> 

- 

> >> 

>- variable ->- 
-name-token 

>- System ->- 
-variable 
-name-token 

,>- shared - 

’ 

-variable 
-name-token -ZLTl assignment-arrow. ->> 
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Derived-Function 

>>- 
C small-circle -> 

primitive -> > 1 

-function 

F’ 

>- dyadic ->- primitive >- 
-Operator -function 

>- monadic -> 
-Operator 

> > >- axis-specification I 

> > >> 

Axis-Specification 

>>- left ->- expression ->- right >> 
-axis-bracket -axis-bracket 

Operand 

>> left >- expression -)- right 
-parenthesis -parenthesis 

constant-token > 

variable-name-token > 

shared-variable-name-token > 

, system-variable-name-token > 

niladic-system-function-name-token -> 

l niladic-defined-function-name-token -> 

Index 

- index 

>>- ;;;;;:;rr expression -3 

< index < >- right ->> 
-separater -index 

-bracket 

. 
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Primitive-Function 

>> 

I  

I < I Z>>fVA-49X 

1 ? E p 

Ill A 
L , 

I I r L r L 

. 
I ifii:i . I 
I - - I . iV - I 

b L 

Dyadic-Operator 

Monadic-Operator 

“->‘%T’T’l 
i,i,l;i*>, 
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Left-Parenthesis 

>----l ( 
L- *>> 

Left-Axis-Bracket 

“I C 
I *>> 

Branch-Arrow 

‘>> + 
I *>> 

Left-Index-Bracket 

>>I 
C 

I *>> 
Index-Separator 

‘>> 
l 
9 

l- 
*>> 

Right-Parenthesis 

Right-Axis-Bracket 

‘>- 
1 

l- *>> 

Assignment-Arrow 

>>> 
c 

I *>> 

Right-index-Bracket 

>>> 
1 

I *>> 

Small-Circle 

>>> 
0 

I *>> 
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Example 

From the list of characters in current-line, 

dBc+FN ~$[l+ol DEFCl;5 61x3.45E4,p’44~CT n COMMENT 
evaluateline generated a /ist of tokens and stored it in cumnt-statement. Hefe, evaluaiesbtwnent has replaced that /ist with 
a new /ist of tokens. 

_ ldentification Content 

1000 
TO1 
T02 
T03 
TO4 
TOS 
TO6 
T07 
TO8 
2309 
Tl0 
Tl1 
Tl2 
Tl3 
Tl4 
Tl5 
Tl6 
Tl7 
Tl8 
Tl9 
T20 
T21 
T22 

. 

'ABC' 

‘FN’ 
‘Cl’ 
T T 0 

1 
'+' 
0 

‘DEF’ 

1 

56 

‘X’ 

34500 
1 T 

9 
T T P 
'ABC' 

Class 

left-end-of-Statement 
variable-name 
assignment-arrow 
defined-function-name 
system-variable-name ’ 
primitive-function 
left-axis-bracket 
constant 
primitive-f unction 
constant 
rig ht-axis-bracket 
variable-name 
left-index-bracket 
constant 
index-separator 
constant 
right-index-bracket 
primitive-function 
constant 
primitive-function 
primitive-function 
constant 
right-end-of-Statement 

The new list, shown above, begins with a MY-end-ohsbtwnent token and ends with a Nght-ewof-sbtemnt token. Old 
identifier tokens have a new class and the same ctwtent; old literal tokens are now cwnsbnts whose ccmtent is an 
appropriate array; old primitive tokens are now either primiüv&bnctionr whose content is the Character identifying the 
primitrve function, or are grouping signs such as Nght-axis-bracket with no specified content. 
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6.2 REDUCE-STATEMENT 

Reduce-Statement 

Informal Description: Reduce-Statement cosrverts current-statement, a IM of syntactic-uni@ to a result 
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 2, K, and J in this evaluation sequence refer to the graphic Symbols found in the 
resultant-prefix column of fahle 3. 

Evaluation Sequence: 

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 there is no matthing entry, 

If current&atement is empty, Signal Syntax-error. 
Otherwise, 

Remove the last token from current&atement. 
Append it to current-Stack as a new fit-st item. 

If there is a matthing entry, 

Let p stand for the prefix of the current-Stack that matched the entry. 
Let r stand for the resuitant-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 2, 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 Resultant-Prefix 

(BI Remove-Parentheses Z 
N Evaluate-Niladic-Function Z 
XFB Evaluate-Monadic-Function x z 
XFCCIB Evaluate-Monadic-Function xz 
XFMB Evaluate-Monadic-Operator xz 
XFMCCIB Evaluate-Monadic-Operator xz 

AFB Evaluate-Dyadic-Function Z 
AFCCIB Evaluate-Dyadic-Function Z 
AFDGB Evaluate-Dyadic-Operator Z 
A *DGB Evaluate-Dyadic-Operator Z 
ALK1 Evaluate-lndexed-Reference Z 
VCKI+B Evaluate-lndexed-Assignment Z 
V+B Evaluate-Assignment Z 
V Evaluate-Variable Z 
1 Build-Index-List J 1 0 I 
;BI 

Build-Index-List J 
Build-Index-List J 

c I Build-Index-List C K 
CBI Build-Index-List C K 

LR Process-End-of-Statement I, 
LBR Process-End-of=Statement 
L+BR Process-End-of-Statement 
L+R Process-End-of-Statement 

Legend: 

A 9 B 9 Z match result. 
D matches dyadic-Operator. 
F 9 G match defined-function-name, 

primitive-function, or 
system-function-name. 

1 9 J match partial-index-list. 
C 9 K match complete-index-list. 
L matches left-end-of-Statement. 
M matches monadic-Operator. 
N matches niladic-defined-function-name 

or niladic-system-function-name. 
R matches right-end-of-Statement. 
V matches variable-name, 

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

X matches assignment-arrow, 
branch-arrow, defined-function-name, 
index-separator, left-axis-bracket, 
left-end-of-Statement, Ie&index-bracket, 
left-parenthesis, primitive-function, 
system-function-name, or 
rig ht-axis-bracket. 

( matches left-parenthesis. 
> matches right-parenthesis. 
[ matches left-axis-bracket or 

Ieft-index-bracket. 
] matches right-axis-bracket or 

right-index-bracket. 
* matches small-circle. 
; matches index-separator. 
+ matches assignment-arrow. 
+ matches branch-arrow. 

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

Note: The graphic Symbols employed are Chosen to be suggestive of the Iist of characters that give rise to such phrases. 
The build-index-list entries are called wrth B bound to a value and 1 beund to an partial-index-list ; they return either another 

partja/-index-/ist (J) or a am@etErindex-list (KJ. Bracke& are not passed as arguments or returned by build-index-list ; they 
arc preserved by mduct+statement to make the pH?err?s more obvious. 
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Example 

This example is continued from evalua~statement. 

The line being evaluated is 

ABC f PA7 0 @ c 1 =+ 0 1 DEF 6 1 ; 5 6 1 x 34500 9 p 'ABC' 

T TT TTTTTTTT TTTT TTT TTT 
0 0 0 00000011 1111 111 122 
1 23 45678901 2345 678 9 0 1 

TO 0 is IM-enc+o+statement, and T2 2 is right-enc+ofistatement. 

The tokens 270 0 through T2 2 initia//y form the columns of Figure i. The rows of the figure show the actions bken because 
of the Pattern or lack of Pattern in cumnt-sb& 

Consider step 5: the line fragment , p I ABC T matches the Phrase X F B as fo//om: X matches token Tl 9 
because ) is a primitive-firnction. P matches token T2 0 because p is a primiüve&nction. B matches token 172 1 
because 1 ABC JJ is a constant Token T 2 2, right-end-d-sbtement, is not considered because the Pattern X F B is 
concerned with only the first three tokens in current-Stack. 

The phrase-evaluatw associated with X F B is evaluatwmnadic-function. This phras-valuatw, seeing that p is a 
primitive function, searches the form-table for Z f p B, and cal& the corresponding evaluation sequence, shape. Shape 
returns a constant, the one-element-vector containing fhree. 

This becomes Z in the msu/tant-prdix column for X F B. Current-stick now holds three tokens: (primitive-hrnction; , ), 

(constant ; , 3) and (right-end-of-Statement ; ). Since no entry in’the Phrase-table has an entry whose p&tern matches a 
prefix of current-Stack, the token Tl 8 (constant ; 3 4 5 0 0) is added to current-sbck. A mx of current-sbck now matches 
a Pattern (A F B matches (constant ; 3 4 5 0 O), (primjtiv~flrnction ; ,), (constant ; 9 3)), so the corresponding 
phras-valuatw (evaluatp-dyadioflrnction) is called. 
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1 GET NEXT TOKEN T22 0 
2 GET NEXT TOKEN T2l CR9 
3 GET NEXT TOKEN 2920 (B R) 
4 GET NEXT TOKEN Tl9 (F B R) 
5 EVALUATE MONADIC FUNCTION (<X F B>R) 
6 GET NEXT TOKEN Tl8 (cx z> R) 
7 EVALUATE DYADIC FUNCTION (CA F B> R) 
0 GET NEXT TOKEN Tl7 (2 
9 GET NEXT TOKEN Tl6 (F B 

10 BUILD INDEX LIST (<DP B 
11 GET NEXT TOKEN TM (JlFB 
12 GET NEXT TOKEN Tl4 (BIIFB 
13 BUILD INDEX LIST (6; B I>I F B 
14 GET NEXT TOKEN T13 (J 1 FE 
15 GET NEXT TOKEN T12 (B I IFB 
16 BUILD INDEX LIST (<C B I> 1 FE 
17 GET NEXT TOKEN Tl1 (C K 1 FB 
18 EVALUATE VARIABLE (<WC K 1 FE 
19 EVALUATE INDEXED REFERENCE (CA C K I>F B 
20 EVALUATE DiADIC FUNCTION (CA F B> 
21 GET NEXT TOKEN IT10 (2 
22 BUILD INDEX LIST (4 >B 
23 GET NEXT TOKEN TO9 (1 1 B 
24 GET NEXT TOKEN 2708 (BI IB 
25 GET NEXT TOKEN 2707 (FBIIB 
26 EVALUATE DYADIC (CA F B>I 1 B FUNCTION 
27 GET NEXT (2 IIB TOKEN T06 
28 BUILD INDEX (<C B 1~1 B LIST 
29 GET NEXT (C c 1 B TOKEN 2105 
30 GET NEXT (F C C 1 B TOKEN TO4 
31 EVALUATE (<V>F C C 1 B VARIABLE 
32 EVALUATE (CA F C C IB> . DYADIC FUNCTION 
33 GET NEXT (2 TOKEN T03 . 
34 (F B GET NEXT TOKEN TQ.2 
35 (<X F B> EVALUATE MONADIC FUNCTION 
36 (x z GET NEXT TOKEN TOl 
37 (<V + B> EVALUATE ASSIGNMENT 
38 (2 GET NEXT TOKEN TOO 
39 * (CL B END OF STATEMENT 

R9 
R9 
R) 
R9 
R) 
R9 
R9 
R9 
R9 
R) 
R> 
R> 
R9 
R9 
R9 
R9 
R9 
R9 
R) 
R9 
R9 
R9 
R9 
R9 
R) 
R9 
R) 
R) 
R9 
R9 
R9 
-9 

Figure 1 - Statement Evaluation 

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

6.3 THE PHRASE EVALUATORS 

Informal Description: Esch 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 

PrimitiveMonadic-Scalar-Function 

>3 > . 1 

p-x+- 0*rLI653: 

, >> 

Primitive-Dyadic-Scalar-Function 

>>-> f 

6 5 = 2>#VA-i +x0q-Lltifib~~: 

b >> 
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6.3.2 Rernove-Parentfieses 

Pattern ( B ) 

Evaluation Sequence: 

If B is nil, Signal value-error. 
If B is 2~ branch, Signal value-error. 
Otherwise, return B. 

Note= (Q”)and(Q * +3 y ) fail with a valueermr. (At3 ) and ( SR ’ At3 * > do not dispiay, since the t~ken 

returned by mnove-pafentheses is a comfnitted-value, not a consbnt : for the same reason, ( n-d ) displays the value three 

only once. (-33 > fails with a syntax-erms in evaluate-statement. 

(+ > also fails in eva/ua*sbtement, but ( Q ’ + ’ ) succeeds; threads line successfully, and 

remcwqwentheses receives and returns an escape Wen. 

6.3.3 Evaluate-NiladieFunction 

Pattern N 

Evaluation Sequence: 

Let n stand for the content of N. 
If N is a niladic-defined-functiowname, 

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

Search the form-table for 2 + 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-systemfunction-name, 

Search the form-table for 2 + n. 
lf it is not found, Signal Syntax-error. 
Otherwise, cal1 the corresponding evaluation sequence. 
Return the token it returns. 

Note: This Phrase evaluator Checks for a Change in Syntax class. 
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6.3.4 Evaluate-Monadic-Funktion 

Pattern X P B 

Pattern X FCCI B 

Evaluation Sequence: 

1% B is not a value, Signal value-error. 

Let % stand for the content of P. 

For pattern XFB 

If F is a definedfunction-name, 

If the current-class of F is defined-function, 

Search the form-table for 2 + DFN B. 
Call the corresponding evaluation sequence, passing f as the value of DFN. 
Return the token it returns. 

Othetwise, Signal Syntax-error. 

If F is a primitive-function or a system-function-name, 

If F matches primitive-m0 lnadic-scalar-function 
monadic-scalar-extension as follows: 

and B is not a scalar, perform 

Return a numeric array 2 such that the shape-list of 2 is the shape-list of B and for 
all 1 in the index-s’et of the ravel-list of 2, item 1 of the ravel-list of 2 is f (item I of 
the ravel-list of B). 

Otherwise, 

Search the form-table for 2 + f B. 
lf it is not found, Signal Syntax-errot. 
Otherwise, call the corresponding evaluation sequence. 
Return the token it returns. 
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For Pattern X FCCI B 

If F is not a primitive-function, Signal Syntax-error. 
If index-origin is nil, Signal implicit-error. 
Let Cl stand for the first-item in the index-list C. 
If Cl is not a scalar or one-element-vector, Signal axis=error. 
16 any item of the ravel-list of Cl is not a number, Signal axis-error. 
Set K to Cl plus (one minus index-origin ). 
Search the form-table for 2 +f [Kl B. 
If it is not found, Signal syntax-error. 
Othennrise, cal1 the corresponding evaluation sequence and return the token it returns. 

Additional Requirements: 

The Order in which the individual items of 2 are produced during monadic-scalar-extension is not 
specified by this Standard. 

lf any call off Signals an error during monadic-scalar-extension, that error is returned as the result of 
evaluatemonadic-function. 

Note: This Phrase evaluator check for a Change in Syntax class. 
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6.35 Evaluate-Monadic-Operator 

Pattern X F M B 

Pattern X F M6Cl B 

Evaluation Sequence: 

lf B is not a value, Signal value-error. 

Let m stand for the content of M. 
Let f stand for the content of F. 

For Pattern XFMB 

If F is not a primitive-function, Signal Syntax-ermr. 
Otherwise, 

Search the formhble for 2 + f m 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. 

For Pattern X F MK1 B 

If F is not a primitive-function, Signal Syntax-error. 
If index-origin is nil, Signal implicit-error. 
Let Cl stand for the first-item in the index-list C. 

If Cl is not a scalar or one-element-vector, Signal axis-error. 
If any item of the ravel-list of Cl is not a number, axis-error. 
Set K to’ Cl plus (one minus index-origin ). 
Search the form-table for 2 + f mCK1 B. 
lf 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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6.3.6 Evaluate-Dyadic-function 

Pattern A F B 

Pattern A FCCI B 

Evaluation Sequence: 

If A is not a value, Signal value=ersor. 
If B is not a value, Signal value-error. 
Let f stand for the content of F. 

For gattern AFB 

If F is a defined-function-name, 

If the current-class of F is defined-function, 

Search the form-table for 2 + A DFN B. 
Cal1 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 
dyadic-scalar-extension as fol lows: 

and A and B are not both scalars, perform 

ff the rank of A differs from the rank of B, 

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

If B is a scalar or one-element-vector, return A f ( PA ) p B. 
Otherwise, Signal rank-error. 

If the shape-list of A differs from the shape-list of B, Signal length-error. 
Return 2, an array such that the shape-list of 2 is the Same as the shape-list of A, 

the type of 2 is numeric, and the ravel-list of Z is such that, for all 1 in the index-set 
of the ravel-list of 2, item 1 of the ravel-list of Z is (item I of the ravel-list of A) f 
(item I of t he ravel-list of 63). 

Otherwise, search the form-table for Z f d f B. 
If it is not found, Signal Syntax-error. 
Call the corresponding evaluation sequence and return the token it returns. 

For Pattern A FCCI B 

If F is not a primitive-function, Signal Syntax-error. 
If index-origin is nil, Signal implicit-error. 
Let Cl stand for the first-item in the index-list C. 
If Cl is not a scalar or one-element-vector, Signal axis-error. 
If any item of the ravel-list of Cl is not a number, Signal axis-error. 
Set K to Cl plus (one minus index-origin ). 
Search the form-table for 2 + A fCK1 B. 
lf it is not found, Signal Syntax-ern>P. 
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 2 are produced during dyadic-scalar-extension is not 
specified by this Standard. 

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

Nofe: Dyadbscalar-extension is intentionaliy stricter than it is in existing Systems. 

rank-em and 1 2 9 1 Signals a length-emr. 

This Phrase evaluator Checks for a Change in Syntax class. 

For example, ( 1 1 p 1 ) + t 3 Signals a 
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6,3.? Evaluate-Dyadic-Operator 

Pattern AFDGB 

Pattern A 0 D G B 

Evaluation Sequence: 

If A is not a value, Signal value-error. 
lf B is not a value, Signal value-error. 
Let d stand for the content of D. 

For Pattern AFDGB 

If F or G is not a primitivefunction, Signal Syntax-error. 
Otherwise, 

Search the form-table for 2 + A f d g B. 
If it is not found, Signal Syntax-error. 
If it is found, call the corresponding evaluation sequence, passing token f as the value of 

F and token g as the value of G. 
Return the token it returns. 

For Pattern A 0 D G B 

If G is not a primitive-function, Signal Syntax-error. 
Othetwise, 

Search the form-table for 2 + d 0 d g 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-lndexed-Reference 

Pattern d [Kl 

Evaluation Sequence: 

If d 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 A, Signal rank-error. 

ff the rank of d is greater-than one, 

Search the form4able for 2 + A Ul. 
Cal1 the corresponding evaluation sequence, passing K as the value of 1. 
Return the token it returns. 

Otherwise, 

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

Set X to first-item in the index-list K. 
If any item of the ravel-list of X is not a near-integer, Signal domain-error. 
Generate Xl, a numeric array with the shape-list of X such that each item,of the 

ravel-list of Xl is (one minus index-origin ) plus the integer-nearest-to X. 
lf any item of the ravel4ist of Xl is not in the index-set of A, Signal index-error. 
Return 2, an array with the type of A and the shape-list of Xl, such that for each 

integer I in the index-set of 2, item I of the ravel-list of 2 is item J of the ravel-list of 
A, where J is item I of the ravel-list of Xl. 

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

Pattern V+B 

Evaluation Sequence: 

16 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 2 + SHV + B. 
Cal1 the corresponding evaluation sequence, passing token V as the value of SHV. 
Return the token it returns. 

Otherwise, Signal Syntax-error. 

If V is a system-variable-name, 

Search the form-table for 2 + q + B, where q is the content of V. 
If it is not found, Signal Syntax-error. 
Otherwise, 

Cal1 the corresponding evaluation sequence 
Return the token it returns 

If V is a variable-name, 

If the’ current-class of V is nil or variable, 

Set the current-referent of V to a token whose class is variable and whose content 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+9 ' + 3 ' yields value-error. 

The Phrase WISVR 1 V T where V was a shamd-variable yields Syntax-ermr. 
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6.3.10 Evaluate-lndexed-Assignment 

Pattern VCKI + B 

Evaluation Sequence: 

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

If B is not a value, 
IQ V is a shared-va 

Signal value-error. 
riable-name, 

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

Search the form-table for 2 + SHVCII + B. 
Call the corresponding evaluation sequence, passing token V as the value of SW, and K 

as the value of I. 
Return the token it returns. 

Otherwise, Signal Syntax-error. 

If V is a system-variable-name, 

Search the form-table for 2 + q[I] . + B, where q is the content of V. 
If it is not found, Signal Syntax-error. 

I Otherwise, 

Call the corresponding evaluation sequence, passing K as the value of 1. 
Return the token it returns. 

If V is a variable-name, 

If the current-class of V is nil, Signal value-error. 
If the current-class of V is a variable, 

Search the form-table for 2 + VCII + B. 
Call the corresponding evaluation sequence, passing K as the value of 1. 
Return the token it returns. 

Otherwise, Signal Syntax-error. 
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6.3.11 Evaluate-Variable 

Pattern V 

Evaluation Sequence: 

If V is a shared-variable-name, 

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

Search the form-table for 2 + SHV. 
Cal1 the corresponding evaluation sequence, passing token V as the value ofSHV. 
Return the token it returns. 

Otherwise, Signal Syntax-error. 

If V is a system-variable-name, 

Search the form-table for 2 + q, where q is the content of V. 
Call the corresponding evaluation sequence. 
Return the token it returns. 

If V is a variable-name, 

If the current-class of V is nil, Signal value-error. 
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 

Pattern 1 ’ 

Pattern ; 1 

Pattern :BI 

Pattern [ I 

Pattern CB1 

Evaluation Sequence: 

For Pattern ] 

Return J, a partial-index-list with content the index-list of length zem. 

For Pattern ; 1 

Return J, a partial-index-list with content 2, an index-list such that the first-item in 2 is an 
elided-index-marker and the rest-of Z is 1. 

For Pattern ;BI 

Return J, a partial-index-list with content 2, an index-list such that the.first-item in 2 is B 
and the rest-of 2 is 1. 

For Pattern C 1 

Return J, a complete-index-list with content 2, an index-list such that the first-item in 2 is 
an elided-index-marker and the rest-of 2 is 1. 

For Pattern CB1 

Return J, a complete-index-list with content 2, an index-list such that the first-item in Z is 
B and the rest-of 2 is 1. 
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6.3.13 Process-End-of=Statement 

Pattern L R 

Pattern E A R 

Pattern L+R 

Pattern L+AR 

Evaluation Sequence: 

For Pattern L R 

Return a token whose class is nil. 

For Pattern LAR 

Return A. 

For Pattern L+R 

Return a token whose ctass is escape. 

For Pattern L+AR 

If the rank of A is greater-than one, Signal rank-error. 
If A is empty, return a token whose class is nil. 
Othetwise, set Al to the first-scalar in A. 
If Al is not a nearminteger, Signal domain-error. 
Return a token whose class is branch and whose content is the numeric-scalar with value 

the integer-nearesbto A 1. 
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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 matthing rules apply in the form-table. 

J19 B s Z match constant. 
1 9 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 distinguished-identifier, such as 010, matches any system-variable-name token or 

system-function-name token that contains it. 

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

This behaviour is observabie 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 following execution will be as it was when roll was called. 
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Table 4 - The Form Table 

Form 

Z++B 
Z+-B 
Z+xB 
Z+iB 
Z+LB 
Z+TB 
Z+*B 
Z+@B 
Z+ 1 B 
Z+!B 
Z+oB 
Z+-B 
Z+A+B 
Z+A-B 
Z+AxB 
Z+AtB 
Z+ArB 
Z+ALB 
Z+A*B 
Z+A@B 
Z+A 1 B 
Z+A!B 
ZeAoB 
Z+AnB 
Z+AvB 
Z+A*B 
Z+AvB 
Z+A=B 
Z+A<B 
Z+AsB 
Z+A#B 
Z+A2B 
Z+A>B 
z + 9 B 
ZtpB 
Z+IB 
Z+ApB 
Z+A 
Z + f/ ‘B 

B 

2 + f/CKl B 
Z + ff B 
2 + ffCK1 B 
Z + f\ B 
2 + f\CKl B 
Z + ft B 
2 + ff CK] B 
Z+Ao l fB 
ZcAf.gB 
Z+?B 
Z+bB 
Z+vB 
Z+$B 

Operation Name 

Conjugate 
Negative 
Signum 
Reciprocal 
Floor 
Ceiling 
Exponential 
Natura1 Logarithm 
Magnitude 
Factorial 
Pi times 
Not 
Plus 
Minus 
Times 
Divide 
Maximum 
Minimum 
Power 
Logarithm 
Residue 
Binomial 
Circular Functions 
And 
Or 
Nand 
Nor 
Equal 
Less than 
Less than or equal to 
Not equal 
Greater than or equal to 
Greater than 
Ravel 
Shape 
Index Generator 
Reshape 
Join 
Reduction 
Reduction 
Reduction 
Reduction 
Scan 
Scan 
Scan 
Scan 
Outer Product 
Inner Product 
Roll 
Grade Up 
Grade Down 
Reverse 

Page 

84 
84 
85 
85 
86 
86 
87 
87 
88 
88 
89 
89 
91 
91 
92 
92 
93 
93 
94 
94 
95 
96 
97 
99 
99 
100 
100 
101 
103 
103 
104 
104 
105 
107 
108 
109 
110 
111 
114 
114 
114 
114 
116 
116 
116 
116 
117 
118 
119 
121 
122 
123 
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Table 4 - The Form Table (continued) 

l 

80 

Form 

Z+eB 
2 f @[Kl B 
2 + QCKI B 
Z+QB 
Z+@B 
Z+QB 
Z+A 9 [Kl B 
Z+AIB 
Z+AEB 
Z+A?B 
Z+A/B 
Z+AfB 
Z + A /L-Kl B 
25 + A fCK1 B 
Z+A\B 
Z+AtB 
Z + A \CKl B 
21 * A tCK1 B 
Z+A$B 
Z+AeB 
Z + A @[Kl B 
Z + A eCK1 B 
Z+AIB 
Z+ATB 
Z+AQB 
Z+A+B 
Z+A+B 
Z+ABB 
Z + AU] 
2 + V[I] + B 
2; f IITS 
Z + CIAV 
2 + IILC 
Z + CIDL B 
Z + CINC B 
Z + OEX B 
Z + IINL B 
Z + OSTOP B 
Z + UTRACE B 
Z + A ONL B 
Z + A OSTOP B 
Z + A CITRACE B 
Z + OCT + B 
Z + OCT 
Z + ORL + B 
Z + ORL 
Z + UPP + B 
z f CIPP 
Z + 010 + B 
z f OIO 
2 + OLX + B 
z f CILX 

APL Standard 

Operation Name 

Reverse 
Reverse 
Reverse 
Monadic Transpose 
Matrix 1 nverse 
Execute 
Join Along an Axis 
Index of 
Member of 
Deal 
Compress 
Compress 
Compress 
Compress . 
Expand 
Expand 
Expand 
Expand 
Rotate 
Rotate 
Rotate 
Rotate 
Base Value 
Representation 
Dyadic Transpose 
Take 
Drap - 
Matrix Divide 
Indexed Reference 
Indexed Assignment 
Time Stamp 
Atomic Vector 
Line Counter 
Delay 
Name Class 
Expunge 
Name List 
Query Stop 
Query Trace 
Name List 
Set Stop 
Set Trace 
Comparison Tolerante 
Comparison Tolerante 
Random Link 
Random Link 
Print Precision 
Print Precision 
Index Origin 
Index Origin 
Latent Expression 
Latent Eqpression 

Page 

123 
123 
123 
124 
125 
126 
127 
130 
131 
132 
133 
133 
133 
133 
135 
135 
135 
135 
137 
137 
137 
137 
139 
140 
142 
144 
145 
146 
147 
148 
152 
153 
153 
154 
155 
156 
156 
157 
157 
158 
158 
159 
162 
162 
163 
163 
164 
164 
165 
165 
166 
166 
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Table 4 - The Form Table (continued) 

Form Operation Name Page 

2 + clLX[d] f B 
z + DFN 
Z + DFN B 
Z + A DFN B 
2 -+ CIFX B 
2: + OCR B 
z + SHV 
Z + SHV +- B 
2 + SHVCP] + B 

2 + OSVC B 

Z + IISVQ B 
2 + OSVO B 

2 + A CISVO B 
2; + CISVR B 
Z + A ClSVC B 

Z+GB 
Z+AmB 
z+=o 
z+cl 
Z+Cl+B 
Z+Cl+B 

Latent Expression 
Call-Defined-Function 
Cali-Defined-Function 
Cail-Defined-Function 
Function Fix 
Character Representation 
Shared Variable Reference 
Shared Variable Assignment 
Shared Variable Indexed 
Assignment 
S hared Variable Access 
Control Inquiry 
Shared Variable Query 
Shared Variable Degree of 

1 Coupling 
1 Shared Variable Offer 
1 S hared Variable Retraction . 

Shared Variable Access 
I Control Set 

Monadic Format 
Dyadic Format 

1 Quad Input 
Quote Quad Input 
Quad Output 
Quote Quad Output 

166 
174 
174 

1 174 
176 
177 
189 

’ 189 
190 

191 

192 
193 

194 
195 
196 

203 
/ 206 

213 
214 
214 

' 215 
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7 SCALAR FlJNCTIONS 

Note: The primitive functions described in this chapter are called scalar-tlmctions. All scalar-tirnciions have uniform behaviour 
with respect to the structure of their argument arrays. The shape of the result of a scalar-ftrnetion is determined solely by the 
shapes of its arguments. 
This section defines scalar-fkmctions individually for scalar arguments. Their common behaviour 
description by the expository device of an implicit Operator, called the scalar-extension-operator. 

is described in this informal 

If the argument to a monadic scalar function is not a scalar, a monadic scalar function extension Operator tan be thought of as 
being invoked to produce a derived function which, in turn, applies the monadic scalar function to every element of the 
argument array, producing a result array of the Same shape as the argument- The Order in which the elements of the argument 

- array are presented to the monadic scalar function is not specified by this Standard. Monadic scalar functions never Signal 
rank-emr of length-er7w0 

If eith ‘er of the arguments ofa dyadic scalar function is not a scalar, a dyadic scalar extension Operator tan be 
being invoked to produce a de lrived function, which provides paifs of scalafs to the scalar function as follows: 

thought of as 

The dyadic scalar extension Operator first tests whether the two argumeßt arrays have the Same shape. Arguments to a dyadic 
scaiar function must have the Same shape. lf they do not, and the argument of lesser rank is a scalar of one-element vector, the 
argument of lesser rank is reshaped ‘to the shape of the argument of greater rank. 

if the arguments cannot be made to have the Same shape, the 
arguments are of differe nt ranks and a length-ermr other wise. 

dyadic scalar extension Operator Signals a rank-error 

When the dyadic scalar extension Operator succeeds, it produces a derived function which generates a scalar for each Position 
in its result anay by applying the subject scalar-fUndion to paifs of scalars selected from corresponding positions in the 
argumeßt arrays. The Order in which the elements of the result amy are produced is not specified by this Standard. 

Because the derived func tion produced by e bither scala lf exte Insion Operator ne ver calls its sdar-fkmction argument for empty 
arrays, domain-emr tan never be Signalied for e ~mptu array arguments of for arrays reshaped by scalar extension to empty. 

The type of all empty results produced by the functions derived from monadic and dyadic scalar extension is a propetiy of the 
function argument to scalar extension. Since all scalar functions specified in this Standard produce numeric resuits, the type of 
all empty results produced by scalar extension is specified as nurneric. 

For example, “hsand - ’ ’ return empty numeric results rather than signalling an error. 

7. Scalar Functions 83 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (E) 

%.‘l MONADIC SCALAR FUNCTIONS 

Note: The definitions in this section cover oniy scalar arguments. The phrase-evaluator evaluatwmnadicHm&ion handles 
non-scaiar cases. All scalar-flrnctions yield scalar results when applied to scaiar arguments. 

Note that, in this Standard, roll is no? a scalar-Rmction. 

7.1 .l Conjugate 

Z++B 

Informal Description: Z is B. 

Evaluation Sequence: 

If B is not a number, Signal domain-error. 
Return B. 

Example: 

+ 3 -4 0 0.5 
3 -4 0 0.s 

Note: This Operation is named ‘conjugate’ in accordance with its intended use in complex arimmetic. 

7.1.2 Negative 

Z+-B 

Informal Description: 

Evaluation Sequence: 

2 is the negation of B. 

If B is not a number, Signal domain-error. 
Return zem minus B. 

Example: 

- 7 0 -7 
-7 0 7 
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7A .3 Signum 

Informal Description: 2 is -1, 0, OP 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 zem, return Zero. 
If B is greater-than Zero, return one. 
If B is less-than zem, return negative-one. 

Example: 

x 1 -3 .33 0 -ur-20 
1 -1 1 0 -1 

7.1.4 Recipsocal 

Informal Description: 2 is HB. 

Evaluation Sequence: 

If B is not a number, Signal domain-error. 
If B is zem, Signal domain-error. 
Return one divided-by B. 

Examples: 

l - 25 .5 
-4 2 lTO.; -0.25 

1 2 -4 

* 0 
domain-er& 
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7.1.5 Floor 

Informal Description: 2 is the greatest integer tolerantly less than or equal to B0 Uses 
comparison-tolerante . 

Evaluation Sequence: 

If comparison4olerance is nil, Signal implicit-error. 
If B is not a number, Signal domain-error. 
Return the tolerant-floor of B within comparison-tolerante . 

Example: 

In the following, comparison-tolerante is lE-10. 

L -3.1416 3.1416 .99999999999 SE20 -O.SE-10 
-4 3 1 SE20 0 

7.1.6 Ceiling 

Informal Description: 2 
comparison-tolerante 

is the least integer tolerantly greater than or equal to B. 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
If B is not a number, Signal domain-error. 
Return -L-B. 

Example: 

In the following, comparison-tolerante is X-1 0. 

r -3.1416 3.1416 5.00000000001 
-3 4 5 
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7.1.7 Exponential 

Informal Description: 2 is e raised to the power B, where e is the base of the natura1 logarithms. 

Evaluation Sequence: 

If Bi s not a number, Signal domain-error. 
Return the exponential ofB. 

Examples: 

* -1E50 -2 -1 0 1 2 
0 OA35335 0.367879 1 2.71828 7.38906 

* 0693147 
2 

7d.8 Natura1 bogarithm 

Informal Description: 

Evaluation Sequence: 

2 is the natura1 logarithm of B. 

If B is not a positive-number, 
Return the natural-logarithm of 

Signal d 
B . 

omain-error. 

Examples: 

@ 2.718281828459045 2 lE-50 lE50 
1 0.693147 -115.129 115.129 

@*l 
1 
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7.1.9 Magnitude 

Informal Description: 2 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 1 -0,s 0.33 -0.25 0 lE-20 
1 0,s 0.33 0.25 0 lE-20 

7.1 .10 Factorial 

Informal Description: 
-factorial B. 

2 is the gamma-function of B+l. If B is a nonnegative-integer, this is 

Evaluation Sequence: 

If B is not a number, Signal domain-error. 
If B is a negative-integer, Signal domain-error. 
Set Bl to B plus one. 
Return gamma-function of B 1. 

Examples: 

!012345678.9 
1 1 2 6 24 120 720 5040 40320 362880 

'- 5 
1.7724; 

l 

Slp! - 1.502 1.503 1.504 1.505 1.506 
-3.54471 
-3.54466 
-3.54464 
-3.54466 
-3.5447 

Note: The gamma-funcüon is defined in, for example, the National Bureau of Standards Hand&ook of Mathemaücal Fumtions, 
USGovernment Printing Office, Washington D.C., 7964. 

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

Z+oB 

Informal Description: 2 is IC times B. 

Evaluation Sequence: a 

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

Example: 

0 1 10 100 
3,14159 31.4159 g14e159 

7.1.12 Not 

Informal Description: 2 is the Boolean complement sf B. 

Evaluation Sequence: 

If B is not near=Boolean, Signal domain-error. 
If the integer-nearest-to B is one, return Zero. 
Othetlhlise, return one. 

Example: 

For the following, the implementation-Parameter integer-tolerante is 1 E-1 0. 

IV 0 1 lE-11 .999999999999 
10 10 
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7.2 DYADE SCALAR FUNCTIONS 

Note: The deßnitions in this section cover on/y scalar arguments. The Phrase-evaluabr evaluatedyadi~ftr~tion handks 
non-SCäW cases. AII scalar-fumtions yield scalar results when applied Po scalar arguments. 

The Outer product Operator, which has not yet been formally introduced at Chis Point in the document, is used in the examples in 
this SeCtiOn aS a convenient way of generating Übles. The use of outer producf in this section is limited to VeCtOr argumenk 
The Same resuMs could be obbined from each example, although not so compactly, by supplying the elemenb Of the left 
argument one at a time, starting from the let?most, as left arguments to the scalar function. 

For example, 

0 10, =012 - 
100 
0 10 

is equivalent to 

0 =012 
10 0 

1 =012 
010 - 
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7a2.1 Plus 

Informal Description: 2 is A plus B. 

Evaluation Sequence: 

If either of A or B is not a number, Signal domain-error. 
Return A plus B. 

Example: 

-2 -1 0 1 oe+ -2 -1 0 1 
-4 -3 -2 -1 
-3 -2 -1 0 
-2 -1 0 1 
-1 0 1 2 

7.2.2 Minus 

Informal Description: 2 is A minus B. 

Evaluation Sequence: 

If either of A or B is not a number, Signal domain-error. 
Return A minus B. 

Example: 

-2 -1 0 1 0: -2 -1 0 1 
0 -1 -2 -3 
1 0 -1 -2 
2 1 0 -1 
3 2 1 0 
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7.2,3 Times 

Informal Description: 2 is Jl times B. 

Evaluation Sequence: 

lf either of A or B is not a number, Signal domain-error. 
Return A times B. 

Example: 

-2 -1 0 1 oex -2 -1 0 1 
4 2 0 -2 
2 1 0 -1 
0 00 0 

-2 -10 1 

7.2.4 Divide 

Informal Description: 2 is A divided by B. 

Evaluation Sequence: 

If either of A or B is not a number, Signal domain-error. 
If B is zero and A is not Zen,, Signal domain-error. 
If B is zen, and A is tero, return one. 
Otherwise, return A divided-by B. 

Example: 

012340++1234 
00 0 0 
1 0.5 0.333333 0.25 
21 0.666666 0.5 
3 1.5 1 0.75 
42 1.33333 1 
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7.2.5 Maximum 

Informal Description: 2 is the larger of A and B. 

Evaluation Sequence: 

If either of A 0% B is not a number, Signal domain-error. 
If A is greater-than B, return A. 
Otherwise, return &1. = 

Example: 

-2 -1 0 1 oor -2 -1 0 I 
-2 -1 0 1 
-1 -1 0 1 

0 0 0 1 
1 1% 1 

7.2.6 Minimum 

Z+ALB 

Informal Description: 2 is the smaller ofd and B. 

Evaluation Sequence: 

If either of A or B is not a number, Signal domain-error. 
lf A is greater-than B, return B. 

- Otherwise, return A. 

Example: 

-2 -1 0 1 0.1 -2 -1 0 1 
-2 -2 -2 -2 
-2 - 1 -1 -1 
-2 -1 0 0 
-2 -1 0 1 
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7.2.7 Power 

Z+A*B 

Informal Description: 2 is A raised to the Bth power. 

Evaluation Sequence: 

IQ 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. 
If A is zero and B is a negative-number, Signal domain-errar. 
If A is zero and B is Zero, return one. 
Return A to-the-power B. 

Examples: 

In the following, print-precision is 12. 

2*32 
4294967296 

4*0.5 
2 

. 

-8~3 
domain-error 

Note= The distinction made in 

- 8 * f 3 to have real results) 

some APL 

has been 

implernentations 

elimin$ted in this 

between rational and irrational powers (to permit expressions such 
Standard to allow complex arithmetic to be a consistent-extension. 

7.2.8 Logarithm 

Informal Description: 2 is the iogarithm of B to the base A. 

Evaluation Sequence: 

lf A is not a positive-number, Signal domain-error. 
If B is not a positive-number, Signal domain-error. 
If A is one and B is one, return one. 
If A is one, Signal domain-error. 
Set Al to the natural-logarithm of A. 
Set El to the natural-logarithm of E. 
Return El divided-by d 1. 

Example: I 

10 2 10 0.1 @ 2 65536 lE15 lEl5 
0.30103 16 15 -15 

as 
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7.2.9 Residue 

Informal Description: 2 is E modulo A. Uses comparison-tolerante O 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
If either of A or E is not a number, Signal domain-error. 
If A is Zero, return E. 
If comparison-tolerante is not zen,, and E divided-by A is integral-within comparison-tolerante s 

return ten,, 
Otherwise set 2 to E modulo A. 
If 2 is A, return zepe. 
Otherwise, return 2. 

Examples: 

In the following, print-precision is 16 and comparison-tolerante is UZ-1 0. 

7 -7 0.1 31 28 -30 
30 5 

-4 0 -2 

0.2. 1 1.4 1.5 1.6 
0 0.1 0 

1 1 lE30 m-30 -lE-30 .99999999999 
0 0 0 0 

In the following, comparison-tolerante is Zero. 

1 1 lE30 lE-30 -m-30 .99999999999 
0 lE-30 0 0.99999999999 

Additional Requirements: 

The range of residue is the Union of zero and the open-interval-between zely) and A, except when d 
is Zero, in which case the range is the Single number E. 

Note: The implementation-algorithm P modulo Q provides an exact moduio Operation. lt evaluates 

R+P-(xP)xlQxLlP+Q exactly, and returns R if ( xR >=xQ, or R+Q otherwise. 

The definition of ‘rnoc in the proposed IEEE Standard for Binafy Floating-Point Arithmetic (P754) provides an example of this 
exact evaluation. 

Implernentations should avoid signalling /im&error in residue. !f the Operation E divide+by d Causes expnent-overflow, 

return zem. /f it Causes exponent-undeflow, and if A and E have the same signs, return B. lf they have different signs, return 

Zero. 
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7.2.10 ßinomial 

Z+A!B 

Informal Description: 2 is (gamma(l+B))t( (gamma(l+A))xgamma(l+B-A)) 

lf A and B are nonnegative-integers, 2 is the number of combinations of B things taken A at a time. 

Evaluation Sequence: 

If either of A or B is not a number, Signal domain-error. 
Determine if each of A, B, and B-A is a negative-integer. 
Select the appropriate case from the following table, where a one indicates that th.e corresponding 

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

Case Rule 

A B B-A 
0. 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Return (!B)+( !A)x!B-A. 
Return Zero. 
Signal domain-error. 
Return (-l*A )xA!A-B+l. 
Return Zers. 
(Case cannot arise.) 
Return (-l*B-A)x(IB+l)!(IA+l). 
Return Zero. 

Example: 

-4 -3 -2 -1 0 1 2 3 4 o.! -4 -3 -2 -1 0 1 2 3 4 

1 -3 3 -10 0 0 0 0 
0 1 -2 100000 
0 0 1 -10 0 0 0 0 
0 0 0 100000 
1 1 1 111111 

-4 -3 -2 -10 12 3 4 
10 6 3 100136 

-20 -10 -4 -10 0 0 14 
35 15 5 100001 

Note= The APL expressions in the rule column indicate the result required, not the algorithm to be used. For example, 

6 4 ! 6 5 should be 6 5 even if ! 6 5 Signals limit-errot. 
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7.2A 1 Circular Functions 

Z+AoB 

Informal Description: 2 is the result of applying a function designated by A to B. 

Evaluation Sequence: 

If A is not a near-integer, Signal domain-error. 
If B is not a number, Signal domain-error. 
Set Al to the integer-nearest-to A. 
If Al is not in the closed-interval-between -7 and 7, Signal domain-error. 

If Al is -7, 

If B is not -in the open-interval-between negative-one and one, Signal domain-error. 
Return the inverse-hyperbolic-tangent of B. 

If Al is -6, 

ff B is less-than one, Signal domain-error. 
Return 2, the principal value of the inverse-hyperbolic-cosine of B, where 2 is a 

nonnegative-number. 

If A 1 is -5, return the inverse-hyperbolic-sine of B. 

ff Al is -4, 

If B is in the open-interval-between negative-one and one, Signal domain-error. 
Return Bx (l-B*-2 )*O * 5. 

If Al is -3, return 2, the principal value in radians of the inverse-tangent of B, where 2 is in 
the open-interval-between 42 and n/2. 

If Al is -2, . 

If B is not in the closed-interval-between negative-one and one, Signal domain-ermr. 
Return 2, the principal value in radians of the inverse-cosine of B, where 2 is either Zero or 

a number in the open-interval-between zem and IE. 

If Al is -1, 

If B is not in the closed-interval-between negative-one and one, Signal domain-error. 
Return 2, the principal value in radians of the inverse-sine of B, where 2 is either rt/2, or a 

number in the open-interval-between -rt/2 and 1112. 
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If Al is 0, 

If B is not in the closed-interval-between negative-one and one, Signal domain-error. 
Return (l-B*2)*0.5. 

If Al is 1, return the sine of B radians. 
If Al is 2, return the cosine of B radians. 
If Alis3, 

If B is an odd multiple of rr/2, Signal domain-error. 
Return the tangent of B radians. 

If Al is 4, return (l+B*2)*0.5. 
If Al is 5, return the hyperbolic-sine of B. 
If Al is 6, return the hyperbolic-cosine of B. 
If Al is 7, return the hyperbolic-tangent of B. 

Examples: 

20 -1 o .6 
l 8 

200 
1 

3 00 I4 
1 

600 
1 

Note: The APL expressions used for 0 oX, -4 oX, and 4 OX above indicate the result desired, not the algofithm to be used. 

The definition of -4 OB has been changed to allow complex arithmetic to be a amsistent-extension. The previous definition 

was(-l+B*2)*0.5. 
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7.2.12 And 

Informal Description: 2 is the Boolean product of A and B. 

Evaluation Sequence: 

16 either d or B is not near-Boolean, Signal domain-ersor. 
Set dl to the integercnearest-to d. 
Set Bl to the integer-nearest-to B. 
If either Al or Bl is Zen,, return Zen,. 
Othewise, return one. 

Example: 

0 1 0.A 0 1 
0 0 
0 1 

7,2.13 Or 

Informal Description: - 2 is the Boolean sum of d and B. 

Evaluation Sequence: 

If either A or B is not near-Boolean, Signal domain-error. 
Set d 1 to the integer-nearest-to d. 
Set El to the integer-nearest-to E. 
If either Al or El is one, return one. 
Othennrise, return Zen,. 

Example: 

0 1 0.V 0 1 
0 1 
11 
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7.214 Nand 

Informal Description: 2 is the Boolean complement of the Boolean product of d and B. 

Evaluation Sequence: 

16 either d or B is not near-Boolean, Signal domain-ertor. 
Otherwise, return MAAB. 

Example: 

0 1 o.* 0 1 
11 
10 

7.2.15 Nor 

Informal Description: 2 is the Boolean complement of the Boolean sum of A and B. 

Evaluation Sequence: 

If either A or B is not near-Boolean, Signal domain-error. 
Otherwise, return -d v B. 

Example: 

0 1 0.v 0 1 
10 
0 0 
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7.2,16 Equal 

Z+A=B 

Informal Description: 2 is one id d and B are considered equal and zere otherwise. d and B are 
equal if they are the Same Character, or id they are both numeric and A is tolerantly equal to B 
within comparison-tolerante . Uses comparison-tolerante . 

Evaluation Sequence: 

lf comparison4olerance is nd, Signal implicit-error. 
15 the type of d is not the same as the type of B, return xese. 
If both A and B are characters, 

If d is the Same Character as B, return one. 
Otherwise, return zese- 

If both d and B are numbers, 

If d is tolerantly-equal to B within comparison-tolerante , return one. 
Otherwise, return Zero. . 

Example: 

1230.=12 3 
10 0 
0 10 
0 0 1 

In the following, comparison-tolerante is lE-13. 

4 = 4 + 5E-13 2E-13 -2E-13 -5E-13 
0 110 

0 = -lE-20 lE-20 0 
0 0 1 

3 = 'd3' 
.o 0 
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Nehe: Comparisons of numbers whose signs difler are not affected by amprison-tolerance . 

Fos any 
is one. 

value of and any two values d and B exactiy one of the expressions d<B, d=B, and ABB 

Equal should not Signal a Limit-error. For example, the result of positive-number-limit = nega Wenumber-limi t is zem, The 
foliowing is a Sample technique for handling expon len t- toverfio w and exponent-underflow when scaling cumpafison- Dto~erance . 

Set e to the /arger of the absolute values of A and B. 
Set D to camparison-to~erance titnes C. 
If exponent-underf?ow OCCUTS, 

Set Al to A divide&by C!. 
Set Bl to B divide&by C. 
Set Cl to the absolute value of Al minus B 1. 
If Cl is greaier-than comparison-toierance , return Zero. 
Otherwise, return one. 

Set E to the absolute value ofd minus B. 
If exponent-overflaw occufs, return zem. 
If exponent-undeflow occurs, 

Set d 1 to A divide&by C. 
Set Bl to B divided-by C. 
Set Cl to the absolute value of d 1 minus B 1. 
If Cl is gfeater-than comparison-Werante , return Zero. 
0 therwise, re turn one. 

if E is not gtzater-than 
0 therwise, return Zero. 

D I return one. 
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7.2.17 Less than 

Informal Description: 2 is one if A is tolerantly less-than B, and zero otherwise. 
Uses comparison-tolerante . 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
If either of d or B is not a number, Signal domain-error. 
If d=B, evaluated with the current value of comparison-tolerante , is one, return Zero. 
If d is Iess-than B, return one. 
Otherwise, return Zen>. 

Examples: 

12 3 0s 1 2 3 
0 11 
0 0 1 
0 0 0 

0 1 OS 0 1 
0 1 
0 0 

7.2.18 Less than or equal to 

Informal Description: 2 
comparison-tolerante 

is one if d is less than or tolerantly equal to B, and zero otherwise. 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
If either of d or B is not a number, Signal domain-error. 
If d=B, evaluated with the current value of comparison-tolerante , is one, return one. 
If d is less-than B, return one. 
Otherwise, return Zero. 

Examples: 

12 3 0.5 1 2 3 
111 
0 11 
0 0 1 

0 1 0.1 0 1 
11 
0 1 
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7.2.19 Not equal 

Informale Descriptions 2 is one if A does not equal B, and zero otherwise. Uses 
compatison-tolerante . 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
Return -A=B, evaluated with the current value of comparison-toierance . 

ExampSes: 

‘A’ z 41 
1 

123 0s 1 2 3 
0 11 
10 1 
110 

0 1 0s 0 1 
0 1 
10 

7.2.20 Greater than or equal to 

informal Desctiption: 2 is one if A is greater than or tolerantly equal to B, and zem otherwise. 
Uses comparison-tolerante . . 

Evaluation Sequence: 

If comparison4olerance is nil, Signal implicit-error. 
If either of A or B is not a number, Signal domain-error. 
If A=B, evaluated with the current value of comparison-tolerante , is one, return one. 
If A is gFeater=than B, return one. 
Othemvise, return Zero. 

Examples: 

123 0.2 1 2 3 
10 0 
110 
111 

0 1 0.2 0 1 
10 
11 
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7.2.21 Greater than 

Informal Description: 2 is one if A is tolerantly greater than B, and zem otherwise. Uses 
comparison-tolerante . 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
If either of A of B is not a number, Signal domain-error. 
If A=B, evaluated with the current value of comparison-tolerante , is one, return Zero. 
If A is greater-than B, return one. 
Otherwise, return zem. 

Examples: 

12 3 02 1 2 3 
0 0 0 
10 0 
110 

0 1 O 2 0 1 
0 0 
10 
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8 STRUCTURAL PRIMITIVE FUNCTIONS 

8.4 INTRODUCTOON 

No@: The functions in this chapter are used in the evaluation sequences of many non-scalar opefations. They at?? defined here 
to avoid forward references. 

8.2 MONADIC STRUCTURAb PRIMITIVE FUNCTIONS 

8,2.1 Ravel 

Z+,B 

Informal Description: 2 is a vector containing the elements of B in row-major Order. 

Evaluation Sequence: 

Return 2, a vector such that the ravel-list of 2 is the Same as the ravel-list of B, the type of 2 is 
the Same as the the type of B, and the shape-list of 2 is a list of length one containing the count 
of B as its only item. 

Examples: 

,N22 
11 12 21 22 

,N222 
111 112 121 122 211 212 221 222 

,N2221 
1111 1121 1211 1221 2111 2121 2211 2221 

No& Ravel a/ways produces a vector result. The expressions ravel-list of 2, Type of 2, and shapdist Of 2 refer t0 a~ibtdtes 

of an array Object 
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8.2,2 Shape 

Informal Description: 2 is a numeric vector containing the shape of the array B. 

Evaluation Sequence: 

Return 2, an array such that the type of Z is numeric, the ravel-list of 2 is the shape-list of B, and 
the shapelist of 2 is a list whose only item contains the number-of-items in the shape-list of B. 

Exampleso 

P 9N 
1 

PPN 
0 

PN3 
3 

PPN3 
1 

pN34 
3 4 

Note= Shape always produces a vector result. The expression shaplist of 2 refers to an attribute of an array Object 
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8.2.3 Index Generator 

informal Description: 2 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 the rank of B is greater-than one, Signal rank-error. 
If the count of B is not one, Signal length-error. 
1% B is not a near-integer, Signal domain-error. 
Set Bl to the integer-nearest-to B. 
If Bl is not a nennegative-integer Signal domain-error. 
If Bl is Zero, return an empty numeric vector. 
Generate a numeric vector Zl of length Bl such that the ravel-list of Zl consists of the 

integers in the closed-interval-between one and BI in ascending Order. 
Generate 2, a numeric array with the shape-list of Zl such that each item of the ravel-list of 2 

is (index-origin minus one) plus the corresponding element of Zl. 
Return 2. 

Examples: 

In the following, index-origin is Zero. 

14 
0123 

In the following, index-origin is one. 

14 
1234 
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8.3 DYADIC STRUCTURAL. PRIMITIVE FUNCTIONS 

8,3.1 Reshape 

Z+ApB 

Informal Description: 2 is an array of shape ,A whose elements are taken sequentially hm J 
repeated cyclically as required. 

Evaluation Sequence: 

16 the rank of A is greatermthan one, Signal rank-error. 
lf any item of the ravel-list of A is not a nearminteger, Signal domain-error. 
Set d 1 to the integer-array-nearest-to A. 
IQ any item of the ravel-list of Al is not a ionnegative-counting-number. 

Signal domain-error. 
Let RA stand for the product-of the ravel-list of A 1. 
Let CB stand for the count of B. 
If RA is not zero and CB is Zero, Signal length-error. 
Return an array 2 such that the type of 2 is the Same as the type of B, the shape-iist of 2 is the 

Same as the ravel-list of A 1, and the ravel-list of 2 is a list with RA items such that for all 1 in 
the index-set of 2, item 1 of the ravel-list of 2 is item l+CB 1 I-1 of the ravel-list of B. 

Examples: 

2 4pN213 
111 112 113 211 
212 213 111 112 

~OP’~ABCD’ 
0 

B + lE7 lE7 lE7 0 lE7 IE7 lE7 p 42 
PB 

lE7 lE7 lE7 0 lE7 lE7 lE7 

Note: For any X that is not empty, t r pX and ( I 0 > p X produce the same resull a scalar whose value is that of the 

first-scalar in X. 
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8.3.2 Join 

Informal Description: If A and B are scalars or vectors, 2 is the vector of length ( p ,A >+p ,B 
whose first p 9 A elements are ,A and whose last p ,B elements are ,B. 

If either A or B has rank greater than one, 2 iis A , [ (ppA ) r p pl31 B, as defined under Join 
Along an Axis. 

Evaluation Sequence: 

If A is a scalar and B is a scalar, return ( ,A > ) ,E. 
If A is a scalar and E is a vector, return ( ,A > ,E. 
If A is a vector and E is a scalar, return A 9 ,E. 
If A is a vector and E is a vector, 

If A is empty and E is empty and the type of A differs from the type of E, Signal 
domain-error. 

If E is empty, return A. 
If A is empty, return E. 
If the type of A differs from the type of E, Signal domain-error. 
Otherwise, return a vector 2, such that the shape-list of 2 is ( pA ) +pB, the ravel-list of 2 is 

a Iist whose first pA items are the ravel-list of A and whose last pE items are the ravel-list 
of E, and the type of 2 is the Same as the type of A. 

Otherwise, return A, [ (ppA)rppElE. 

Example: 

” 0 9 
0 

Note: This subsection intentionally contains a forward reference to Join Along an Axis. Join and Join Along an Axis are defined 
separately because the descriptlon 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 

No&: The forms in this chapter are referred to as operators. 

Operators take scalar functions as arguments and produce functions, called derived functions, as results. For example, 
Operator mUdion bkes a Single dyadic scalar-fldnction as an argument and produces a monadic function as a result 

Because f is restrkted to scalar functions, the derived functions produced by scan and reduction may be viewed either as being 

applied between subarrays of rank 0 r - 1-t p p E or as being repeated on vector subarrays. As an expository device, the 
evaluation sequences in this document use the vector definition. 
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9.2 MONADIC OPERATORS 

9.2,1 Rechction 

Z + f/ B 
2 + f/KKl B 
Z f- ff E 
Z + ff CKI B 

Informal Description: 2 is the value produced by placing the primitive scalar dyadic function f 
between subarrays of E and evaluating the resulting expression. The axis designated determines 
how the subarrays are Chosen. Uses index-origin . 

luation Sequence: 

16 f is not a primitive-dyadic-scalar-function, Signal Syntax-error. 

For form f/E 

If B is a scalar, return B. 
Otherwise, return f/ [p pB] E . evaluated with index-origin set to one. 

For form ffE 

If B is a scalar, return B. 
Otherwise, return f/ C 11 E evaluated with index-origin set to one. 

For forms f/ CKI E and fSCK1 E 

If K is not a valid-axis for E, Signal axis-error. 
Otherwise, set Kl to the integer-nearest-to K. 
If E is a vector, 

If the length of E is Zero, take the action designated in Table 5 for f. 
If the length of E is one, return a scalar Z such that the type of Z is the type of E and the 

ravel-list of 2 is the raveLlist of E. 
If the length of E is greater-than one, 

Set El to the first-scalar in E. 
Set E2 to the remainder-of B. 
Return El f f/E2. 

If the rank of E is greater-than one, return an array Z such that the shape-list of 2 is the 
shape-list of E with item Kl omitted, and the ravel-list of Z has the property that if Zl is 
an item of 2 and E3 is the corresponding vector-item along-axis Kl of E, then Zl is f/B3. 

Examples: 

6 

2 

A 

1 l 

114 

+/1 2 3 

x/l 2 

=/'A' 

=/'AA' 

=/'AAA' 
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0 

Additional Requirements: 

lf 2 is empty, the type of 2 is determined by the argument function f; since f is a scalar function in this 
Standard, the type of 2 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 rN-1. When 
applied along an empty axis in an array, reduction produces an array whose shape is that of the 
argument array with the designated axis deleted. The elements of the array, if any, are determined 
by the argument function and Table 5. In some cases, an error is signalled. 

For example, 

+/2 0 ps.1 
0 0 

p+/2 op5.1 
2 

Table 5 - Actions for the Reduction of an Empty Vector 

Dyadic Function 

Plus 
Minus 
Times 
Divide 

+ 
- 
X 

l 
ö 

Residue I 
Minimum L 
Maximum r 
Power * 

Logarithm 
Circular 
Binomial 
And 

Or 
Nand 
Nor 
Less 

V 
* 
w 
< 

Not greater 5 
Equal 
Not less I 
Greater > 

Not equal # 

Action 

Return Zero. 
Return zera. 
Return one. 
Return one. 

Return Zero. 
Return positive-number-limit. 
Return negative-number-Iimit. 
Return one. 

Signal domain-error. 
Signal domain-error. 
Return one. 
Return one. 

Return Zen,. 
Signal domain-error. 
Signal domain-error. 
Return Zero. 

Return one. 
Return one. 
Return one. 
Return Zero. 

Return Zero. 
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9,2.2 Scan 

Z + f\ B 
2 + f\CKI B 
Z + f+ B 
Z f- ftCK1 B 

Informal Description: 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 E. Uses index-origin o 

Evaluation Sequence: 

If f is not a primitive-dyadic-scalar-function, Signal Syntax-error. 

For form f\E 

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

For form ft E 

If B is a scalar, return B. 
Otherwise, return f\ [ 11 E evaluated with index-origin set to one. 

For forms f\ CKIE and ft CKIE 

If K is not a valid-axis for E, Signal axis-error. 
Otherwise, set Kl to the integer-nearest-to K. 

If B is a vector, 

lf the count of E is less-than two, return E. 
If the type of E differs from the type of f/E [ I 21, Signal domain-error. 
Otherwise return 2, a vector such that the type 6f 2 is the type of f/E C I 21, the 

shapelist of 2 is the shape-list of B, and the ravel-list of Z is such that item 1 of the 
ravel-list of 2 is f/B [ I I] for all 1 in the index-set of the ravel-list of E. 

If the rank of E is greater-than one, each vector-item along-axis Kl of 2 is f\El, where El 
is the corresponding vector-item along-axis Kl of B. 

Examples: 

+\1 1 1 
12 3 

A\l 110 0 0 111 
111000000 
. . -\'A' 

A 
=\'AB' 

domain-error 

Additional Requirements: 

If the Operator reduction Signals an error when called by scan, scan returns the resultant error token. 

The evaluation sequence above describes a quadratic algorithm for scan. If the function f 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 4s called. 
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903 DYADIC OPERATORS 

9.3.4 Outer Product 

Z+Ao l fB 

Infsamai Descriptiona 2 is an array of shape ( pA ) , pB. The elements of 2 are the result of 
applying the primitive=dyadic-scalar-function f to every possible combination of scalar arguments 
where the left argument is an element sf A and the right an element of B. 

2 is such that if I is an index-list that selects a Single element of 2, the fit-st pA items of I are 
the index-list that would select from A the element used as the left argument to f and the last pB 
items of 1 are the index-list that would select from B the element used as the right argument to f. 

Evaluation Sequence: 

lf f is not a primitive-dyadic-scalarfunction, Signal Syntax-error. 
Return 2, an array such that the type of 2 is numeric, the shape-list of Z is (pA > , pB, and 

the ravel-list of 2 has the following property: 

Let 1 stand for an item of the index-set of the ravel-list of A. 
Let J 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 A. 
Let Y stand for item J of the ravel-list of B. 
Let N stand for the count of B. 
Let P stand for J+(Nx(l-1) >. 

Then, item P of the ravel-list of 2 is X f Y. 

Example: 

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

Additional Requirements: 

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

No&!: The type of the result of outer product is numeric only because all permitied argument functions return numerjc resu& 
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9.32 her Ptoduct 

Z+Af .gB 

Informal Description: 2 isan arrayofshape (pA)ClOr-l+ppAl 9 (pB)CI+~Or-l+ppBI. 
The elements of 2 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 p pA of JI and Y a vector-item 
along-axis one of B. 

Evaluation Sequence: 

If either f OP g is not a primitive-dyadic-scalar-function, Signal Syntax-error. 

If d is a scalar or one-element-vector and B is not, set 2Il to ( 1 p p B > pA. 
If A and B are scalars or one-element-vectors, set Al to ,kl. 
Otherwise, set Al to A. 

If B is a scalar ot one-element-vector and A is not, set B 1 to ( pd > C p pA 1 p B. 
If A and B are scalars or one-element-vectors, set Bl to , B. 
Othennrise, set Bl to B. 

If the last-item in the shape-list of Al is not the Same as the first-item in the shape-list of Bl, 
Signal length-error. 

If Al and Bl are both vectors, return f/Al g Bl. 
Otherwise, return 2, an array such that the type of 2 is numeric, the shape-list of 2 is 

(pAl)[1O~'l+ppA1],(pEl)~l+1O~~l+ppBl] andtheravel4istofZhasthe 
following property: 

Let 1 stand for an item of the index-set of the ravel-along-axis ( p pdl ) of A 1. 
Let X stand for vector-item 1 of the ravel-along-axis ( p pA1 ) of Al. 
Let J stand for an item of the index-set of the ravel-along-axis one of Bl. 
Let Y stand for vector-item J of the ravel-along-axis one of El. 
Let N stand for the number-of-items in the ravel-along-axis one of El. 
Let P stand for (Nx (1-l ) >+J. . 
Then, item P of the ravei-list of 2 is f / X g Y. 

Examples: 

4 2 l+.xl 0 1 
5 

N22+.xO 1 
12 22 

N22+.xl 0 
11 21 

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

Additional Requirements: 

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

rote: The evaluation sequence rule for when A 1 and E 1 are vectors holds if Al or E 1 is the empty vector. The resuit 
fetufned is f/ I 0. 

The type of the result of inner product is numerrc only because all permitted argument functions fetufn numefic fesults. 
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10 MIXED FUNCTIONS 

10.1 IVIONADIC IVIIXED FUNCTIONS 

10.1 .l Roll 

Informal Description: 2, for E a scalar integer, is index-origin plus R, where R is an integer 
selected pseudorandomly from the set of all nonnegative integers less than B. Esch integer in the 
set has an equal Chance of being selected. Uses index-origin . Uses and sets random-link . 

Evaluation Sequence: 

lf index-origin is nil, Signal implicit-error. 
If random-link is nil, Signal implicit-error. 
Let J stand for item 1 of the ravel-list of B. 
If B is not scalar, return a numeric array 2 such that the shape-list of 2 is the shape-list of E and, 

for all 1 in the index-set of the ravel-list of 2, item I of the ravel-list of 2 is ?J. 
If B is not a nearminteger, Signal domain-error. 
Set El to the integer-nearest-to E. 
If Bl is not a positive-integer, Signal domain-error. 
Set 20 to a nennegative-integer less-than El and set random-link to a new value resuiting from 

the implementation-algorithm pseudorandom-number-generator whose only inputs are El and 
random-link . 

Return 20 plus index-origin . 

Examples: 

?l 1 1 
111 

S4lRL 
?VplE30 

1.69584E29 2.5949E29 5.38382E29 8.38274E29 
ilRL+S 
?4plE30 

1.69584E29 2.5949E29 5.38382E29 8.38274E29 

(?lE20 lE20)+1E20 
0.218959 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 ?B, where B is an array, shall be reproducible. 

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

Note: One cfass of appropriate algorithms is l,.ehm&s linear congruential method, described in Knuth, D. E., Seminum~icW 
Algorithms, page 9. 

Roll is often considered a scalar function. However, it does not have the property that the elements of ifs result arfay tan be 
produced in parallel. 
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IQ.l.2 Grade Up 

Informal Description: 2 is, for B a vector, a Permutation of t pE for which B CZI is a monotone 
increasing sequence. The indices of identical elements of B occur in 2 in ascending Order. Uses 
index-origin . 

Evaluation Sequence: 

If index-origin is nil, Signal implicit-error. 
If the rank of B is not one, Signal rank-error. 
ld p B is ze6o, return t 0. 
If any item of the ravel-list of B is not a number, Signal domain-error. 
If pE is one, return a one-element-vector 2 such that the type of 2 is numeric and the ravel-list of 

2 contains index-origin . 
Otherwise, generate Zl, a Permutation of t p B such that for I and 9, arbitrary elements of I p B 

for which 1 is 

BCZlCI31 

ECZlCIll 

Generate 2, a 
is (index-origin 

Return 2. 

less-than J, 

Examples: 

is not greater-than B [Zl [ JI j and 

equals E [Zl [J] 1 implies that Zl C11 is less-than Zl CJI. 

numeric array with the shape-list of Zl such that each item of the ravel-list of 2 
minus one) plus the corresponding element of Zl. 

lpv + 1.1 3.1 1.1 2.1 5.1 
13 4 2 5 

mmv 
14235 

VC4Vl 
1.1 1.1 2.1 3.1 5.1 

In the following, index-origin is Zero. 

4V 
0 2 3 14 

Additional Requirements: 

The system-parameter comparison-tolerante is not an implicit argument of grade up. 
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10.1.3 Grade Down 

informal Description: 2 is, for a vector B, a Permutation of 1 p B for which B C Zl is a monotone 
decreasing sequence. The indices of identical elements of B occur in 2 in ascending Order. Uses 
index-origin . 

Evaluation Sequence: 

lf index-origin is nil, Signal imphit-error. 
If the rank of B is not one, Signal rank-error. 
Return 4-B. 

Examples: 

v f 1.1 3.1 1.1 2,l 5.1 
VV 

52413 
VCVVI 

5.1 3.1 2.1 1.1 1.1 

In the following, index-origin is Zero. 

VV 
41302 

Additional Requirements: 

The system-parameter comparison-tolerante is not an implicit argument of grade down. 

Noie: Grade up and grade down are stable soti algotithms because. they preserve the relative Order of identical elements of B. 
One appropriate algorithm for grade up and down appears in Woodrum, t. J., InWnai Sorthg with Minimal Comparhg, IBM 
System Journal, Vol. 8, No. 3, p.789, f 969. 
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10.1.4 Reverse 

Z+@B 
Z+eB 
2 + @[Kl B 
Z + eCK1 B 

informal Descriptiona 2 is an array whose eiements are those of B taken in reverse Order along a 
specified axis. Uses index-origin . 

Evaluation Sequence: 

For form @B 

For 

If B is scalar, return B. 
Otherwise, return @ [p p BI B, evaluated with index-origin set to one. 

form eB 

For 

If B is scalar, return B. 
Otherwise, return @ [ 1] B, evaluated with index-origin set to one. 

forms @[Kl Band NKI B 

If K is not a valid-axis for B, Signal axis-error. 
Othetwise, set Kl to the integer-nearest-to K. 
If B is a vector, return B [ ( 1 +p B > - t p B] , evaluated with index-origin set to one. 
Othewise, return an array 2, such that the type of 2 is the type of B, the shape-list of 2 is 

the shape-list of B, and the ravel-list of 2 has the property that each vector-item along-axis 
Kl of 2 is @ applied to the corresponding vector-item along-axis Kl of B. 

Examples: 

@N23 
13 12 11 
23 22 21 

4K21 N224 

121 122 123 124 
111 112 113 114 

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 om, before this evaluation 
sequence is called. 
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10.1.5 Monadic Transpose 

Z+$B 

Informal Description: 2 is B with the Order of the axes reversed. 

Evaluation Sequence: 

Return (@I p p B )QB, evaluated with index-origin set to one. 

Examples: 

3 

0 

Q3 

PPQ3 

11 21 
12 22 
13 23 

@ N234 
111 211 
121 221 
131 231 

112 212 
122 222 
132 232 

113 213 
123 223 
133 233 

114 214 
124 224 
134 234 

Note: This subsection contains a forward reference to dyadic transpose. 
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1 OA.6 Nlatrix Inverse 

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: 

ff the rank of B is greater-than Wo, Signal rank-error. 
Return (@plppB)pS, (lppB)pO) B B. 

No&+: Chis sußsection conbins a forward reference to matrix divide. 

The following article, Martin, G. A., The Solu tions o f Linear Systems in APL : Towards An Extension o f Matrix Divide A PL80 Noordwi- 
jkerhout June 24-26, 1980 - Published by GljSbert van der Linden, North-Holland Publishing Company Amsterdam. New York. Ox- 
ford, describes the motivation for matrix inverse and an acceptable algorithm. 

The following document also deals with this subject: Jenkins, M. A. , Domino - An APL Primitive 

lts Implernen ta tion and Applica tions. APL Quote- Quad Vol Ill No. 4, February 1972, pp. 4- 15. 
Func tion for Matrix In Version - 
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10.1.7 Execute 

Informal Description: .Z is the result of evaluating the Character scalar or vector B as a he of APL. 

Evaluation Sequence: 

If the rank of B is greater-than one, Signal rank-error. 
lf any item of the ravel-list of B is not a Character, Signal domain-error. 
Generate a new context in which 

mode is execute, 
current-line is the ravel-list of B, 
current-function is 0 0 p * T , 
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 fit-st item. 
Set 2 to evaluate-line. 
Remove the first context from the state-indicator. 
Return 2. 

Examples: 

3 

3 

val 

T 

Cl+ 

A+ 
ue-error 

Q)‘T+3’ 

Q’ ’ 

Note: If an error is signalled during execute, the user should be able to determine from informatron provided by the System 
where the error occurred in the argument of execute as weil as where the failing execute prrmitive occurred in the 
immediate-execution of de#ined-flrnction line. 
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10.2 DYADE MIXED FLJNCTDONS 

102.1 Join Along an Axis 

Informal Description: 2 is formed by joining A and 1% along a designated axis. There are two 
suboperations, catenate and laminate. The catenate suboperation joins the arrays along an 
existing axis, the laminate suboperation along a new axis. The choice of axis and the choice of 
Operation is determined by K: if K is a near-integer, the Operation is catenate and the axis is K; if 
K is not a near-integer, the Operation is laminate, the new axis is r K, and the axes greater than 
or equal Po rK are renumbered. Uses index-origin . 

Evaluation Sequence: 

If K is not a near-integer, 

If A is a scalar, set Al to (pB )pA. 
Otherwise, set Al to A. 

If B is a scalar, set El to ( p A ) pB. 
Othewise, set El to B. 

lf the rank of A 1 differs from the rank of Bl, Signal rank-error. . 

If K is not in the open-interval-between zero and (one plus the rank of Al), Signal 
axis-error. 

If the shape-list of Al differs from the shape-list of El, Signal length-ermr. 
Set Tto (l,pAl)CfbK,~ppAlI. 
Set A2 to Tpdl. 
Set B2 to TpBl. 

Return d2 , [ r K] B2, evaluated with index-origin set to one and with 
comparison-tolerante set to integer-tolerante. 
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IO.2 DYADIC MIXED FUNCTIONS 

102.1 Join Along an Axis 

Informal Description: 2 is formed by joining d and 1% along a designated axis. There are two 
suboperations, catenate and laminate. The catenate suboperation joins the arrays along an 
existing axis, the laminate suboperation along a new axis. The choice of axis and the choice of 
Operation is determined by K: if K is a near-integer, the Operation is catenate and the axis is K; if 
K is not a near-integer, the Operation is laminate, the new axis is r K, and the axes greater than 
or equal Po I-K are renumbered. Uses index-origin . 

Evaluation Sequence: 

If K is not a near-integer, 

If d is a scalar, set Al to (pl? )pd. 
Otherwise, set Al tod. 

If B is a scalar, set El to ( pd > pB. 
Otherwise, set Bl to B. 

If the rank of Al differs from the rank of Bl, Signal rank-error. . 

If K is not in the open-interval-between zero and (one plus the rank of Al), Signal 
axis-error. 

If the shape-list of Al differs from the shape-list of BL Signal lengtkmor. 

Set Z’to (l,pAl)C~K,tppdll. 
Set d2 to TpAl. 
Set B2 to I'pBl. 

Return d2 , [ r K] B2, evaluated with index-origin set to one and with 
comparison-tolerante set to integer-tolerante. 

10. Mixed Functions 127 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO8485:1989(E) 

Examples: 

WM+2 3pUr 
AAA 
AAA 

ll+H+3 3p'o! 
000 
000 

000 

M, CllH 
AAA 
AAA 
000 
000 
000 

ll+L+2 4p'cP 
unucl 
cluuu 

M,L 
AAA000I7 
AAACKlClCl 

M,'+' 
AAAt 
AAA+ 

M,'34' 
AAA3 
AAA4 

M,C11'345' 
AAA 
AAA 
345 

1 2 3J.51 4 5 6 
12 3 
4 5 6 

1 2 3,ci.514 5 6 
14 
2 5 
3 6 

1 2 3Jx.514 
14 
24 
34 

(2 Op5,), 'AT 
d 
d 

p3,C.51TT 
2 0 

Note: Various error Checks have been performed on K by the Phrase evaluators, and index-origin is om, before this evaluation 
sequence IS called. 
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10.2.2 Index of 

Informal Description: 2 is a numeric array of shape pB, Esch element of Z is the least index in d 
of a value tolerantly-equal within comparison-tolerante to the corresponding item of B. Uses 
index-origin and comparison-tolerante. 

Evaluation Sequence: 

lf index-origin is nil, Signal implicit-error. 
If comparison-tolerante is nil, Signal implicit-error. 
If A is not a vector, Signal rank-error. 
Set Zto +/A\Bo. ;tA, evaluated with the current value of comparison-tolerante . 
Return 2 plus index-origin . 

Examples: 

In the following, index-origin is Zero. 

1.1 
5.1 

ll+d+2 2~1.1 3.1 
3.1 
4.1 

3.1 4.1 5.1ld 

5.1 

30 
21 

'ABC'I~ 
3 

In the following, index-origin is one. 

'123ABCT~'3BD' 
3 57 

'123ABC'13 
7 

4.1 
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10.2.3 Membet of 

Informal Description: 2 is a Boolean array with the shape of A. 
corresponding element of A is tolerantly-equal to some elemen 
comparison-tolerante . 

An e 
tofB 

lement of 2 is one if the 
: othetwise, it is Zen,. Uses 

Evaluation Sequence: 

If comparison-tolerante is nil, Signal implicit-error. 
Return v/Ao . = ,B, evaluated with the current value of comparison-tolerante D 

Examples: 

cl+B+2 2pl.l 3el 5.1 4.1 
1,l 331 
5.1 4.1 

3.1 5.1 7.1 E B 
110 

19EICLUB’ 
0 

‘BE’ E ‘BOP’ . 
10 

'NADd'~t0 
0 0 0 0 

u/~o)El/10 
0 

NO*: \fBisempty,tneresu/tofdEE is (pd)pO. 
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10.2.4 Deal 

Z+A?B 

Informal Description: 2 is index-origin plus R, where R is a vector of shape A obtained by making 
A pseudorandom selections without replacement from the set of nonnegative integers less than 
B. Uses index-origin . Uses and sets random-link . 

Evaluation Sequence: 

16 index-origin is nil, Signal implicit-error. 
If random-link is nil, Signal implicit-error. 
If the rank of d or the rank of B is greater-than one, Signal rank-error. 
If either of A or B is neither a scalar nor a one-element-vector, Signal length-error. 
ff either of A or B is not a near-integer, Signal domain-error. 

Set Al to the integer-nearest-to A. 
Set Bl to the integer-nearest-to B. 
If either of Al or Bl is not a nonnegative-number, Signal domain-error. 

If Al is greater-than Bl, Signal domain-error. 
If d 1 is Zero, return I 0. 

Using the implementation-algorithm deal, generate a numeric vector 20 of length Al whose 
elements are selected in a pseudorandom fashion without duplication from the integers in the 
closed-interval-between zeFo and Bl minus one, then set random-link to a new value. 

Return 20 plus index-origin . 

12?300 
2 3 42 94 70 105 215 9 110 298 201 5 

Additional Requirements: 

The selection of elements in 2 is pseudorandom (see the Operation roll). The elements of 2, their 
Order, and the new value of random-link are determined by an implementation-algorithm whose only 
inputs are Al, El and random-link . The Operation of deal is atomic: if deal Signals an error, 
random-link shall be unchanged. The result of A?B, where d and B are arrays, shall be reproducible. 
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10.2.5 Compress 

. 

Z+A/B 
Z+AfB 
2 + A /[Kl B 
2 f d $CKl B 

Informal Description: 2 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 A is tolerantly equal 
to one within integer-tolerante. Uses index-origin . 

Evaluation Sequence: 

If d is a scalar, set Al to ,A. 
Otherwise, set Al tod. 
If B is a scalar, set Bl to ( pA1 )pB. 
Otherwise, set Bl to B. 

For form A/B 

Return d l/ [ p p Bl] Bl evaluated with index-origin set to one. 

For form AfB 

Return Al / [ 11 Bl evaluated with index-origin set to one. 

For forms d/ [Kl B and Af [Kl B 

If K is not a valid-axis for El, Signal axis-error. 
Otherwise, set Kl to the integer-nearest-to K. 

If the rank of Al is greater-than one, Signal rank-error. 

lfthe count of Al is one, set d2 to (pBl> CKll pdl. 
Otherwise, set d2 to Al. 
If pA2 is not the Same as (pB1 > [Kl 1, Signal length-error. 
If any item of the ravel-list of d2 is not a near-Boolean, Signal domain-error. 
Set d3 to the Boolean-array-nearest-to A2. 
If Bl is a vector, return El C (+/A3 )pvd31. 

Otherwise, return an array 2 such that 

The type of 2 is the Same as the type of B, 
the shape-list of 2 is ((Kl#~ppBl )xp~l)+(Kl=tppBl>x+/d3, evaluated with 

comparison-tolerante set to Zero, and 
the ravel-list of 2 has the property that if 22 and B2 are corresponding vector-items 

along-axis Kl of 2 and E 1 respectively, then 22 is d3 /B2. 
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Examples: 

101/123 
13 

1/123 
123 

101/2 
22 

0 0 1 0 0 1 0 /[21 N2714 
1311 1312 1313 1314 

1611 1612 1613 1614 

2311 2312 2313 2314 

2611 2612 2613 2614 
pl/1 

1 . 
PP Ul/2 

1 

NO?C Various error check have been perfarmed on K by the Phrase evaluators, and index-origin is one, before this evaluation 
sequence is calied. 
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10.2.6 Expand 

Z+A\B 
Z+AtB 
Z + A \CKl B 
Z + A HK1 B 

Informal Descriptiono 2 is, for a near-Boolean scalar or vector A, an array of the Same type as B 
containing subarrays of B along a specified axis. 

For vector B, 2 is such that A/A\B is B and, if P is the typical-element of B, (Na )/A\B is 
(+/-A )pP; similarly, A/ [Kl A\ [Kl B is B, AfAtB is B, and bd )/ [Kl A\ [Kl B and 
(-JA ) fA+B are arrays of the typical-element of B. Uses index-origin . 

Evaluation Sequence: 

If the rank of A is greater-than one, Signal rank-error. 
If any item of the raveblist of A is not a near-Boolean, Signal domain-emw. 
Set Al to the Booiean-array-nearest-to , A. 
If B is a scalar, set Bl to (+/Al )pB. 
Otherwise, set Bl to B. 

For form A\B 

Return Al\ [p pBi] Bl evaluated with index-origin set to one. 

For form A+B 

Return Al\ [1] Bl evaluated with index-origin set to one. 

For forms A\CKI B and At CKI B 

If -K is not a valid-axis for Bl, Signal axis-error. 
Othennrise, set Kl to the integer-nearest-to K. 

lf (pB1 ) [Kl] differs from +/Al, Signal length-error. 
Return an array 2 such that 

the type of 2 is the type of B, 
the shape-list of Z is ~(Kl~~ppBl)xpBl)+(Kl=~ppBl)xpAl, evaluatedwith 

comparison-tolerante set to Zero, and 
the ravel-list of 2 has the property that Al/ [Kl] 2 is Bl and (-Al ) / [Kl] 2 is an 

array consisting entirely of the typicabelement of B. 
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Examples: 

101\13 
103 

1 1 1 0 1 \ 'ABCD' 
ABC D 

101\2 
202 

1 0 1\[21 2 2 'ABCD' p 
AB 
CD 

1 0 1 l\l 2 3 
1023 % 

1 0 1 1+3 
303 3 

0 1 \ 3 1 p 3.N 2E17 -47 
0 3.14EO 
0 2.00E17 
0 -4.70El 

1 0 1 0\[21 IV224 
111 112 113 114 

0 0 0 0 
121 122 123 124 

0 0 0 0 

211 212 213 214 
0 0 0 0 

221 222 223 224 
0 0 0 0 

Note: Various error check have been petformed on K by the Phrase evaluators, and index-origin is one, before this evaluation 
sequence is called. 
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1 OB23 btate 

Z+=A@B 
Z+AeB 
Z + A @[Kl B 
Z + A eCK1 B 

Informal Description: 2 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 . 

Evaluation Sequence: 

For form A+B 

If B is a scaiar and A is either a scalar or a vector of length one, 

If any item of the 
Otherwise, return 

ravel-list of A is not a 
B . 

near-integer, Signal domain-error. 

Otherwise, return A @[p pB] B evaluated with index-origin set to one. 

For form A 8 B 

If B is a scalar and A is either a scalar or a vector of length one, 

If any item of the 
Otherwise, return 

ravel-list of A is not a 
B . 

near-integer, Signal domain-error. 

Otherwise, return A @Cl] B evaluated with index-origin set to one. 

For forms A @[Kl BandA NKI B 

lf K is not a vaiid-axis for B, Signal axis-error. 
Othewise, set Kl to the integer-nearest-to K. 

lf A is a scalar, set Al to ( (Kl ;t I p pB ) / pB ) p A, evaluated with comparison-tolerante 
set to Zero. 

Otherwise, set Al to A. 

lf Al is a one-element-vector and B is a vector, set A 2 to ( z 0 ) p Al. 
Otherwise, set A2 toA1. 

If the rank of B minus the rank of A2 is not one, Signal rank-error. 
If the shape-list of A2 is not the Same as the shape-list of B with axis Kl omitted, Signal 

length-error. 
If any item of the ravel-list of A 2 is not a near-integer, Signal domain-errbr. 
Set A3 to the integer-array-nearest-to A2. 

If A3 is a scalar and B is a vector, return B[l+(pB) l-l+A3+1pB] evaluated with 
comparison-tolerante set to Zero. 

Otherwise return 2, 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 2 has the property that if 20 
is a vector-item along-axis Kl of 2, AO is the corresponding item of A3, and EO is the 
correspondihg vector-item along-axis Kl of B, then 20 is AO @ BO. - 
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Examples: 

301 2 3 4 5 
45123 

-101 2 3 4 5 
51234 

-7@‘ABCDEF’ 
FABCDE 

leN33 
21 22 23 
31 32 33 
11 12 13 

14XllN33 
21 22 23 
31 32 33 
11 12 13 

1 2 3$N34 
12 13 14 11 
23 24 21 22 
34 31 32 33 

N23+C21N243 
141 112 123 
111 122433 
121 132 143 
131 142 113 

221 232 243 
231 242 213 
241 212 223 
211 222 233 

Note: Various error Checks have been performed on K by the Phrase evaluators, and index-origin is one, before this evaluation 
sequence is caled. 
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numeric vectors, a number produced by regarding B as 
mixed radix number System specified by A. 

1002.8 Base Value 

informal Description: 2 is, for A and B 
the representation of a number in the 

IQ A or B is an array of rank greater than one, base value is Iike 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 AO to lp@l ,PA. 

Set BO to lp(pB),l. 
If AO differs from BO, 

If A is a scaiar or one-element-vector, return (BO p A ) IB. 
If B is a scalar or one-element-vector, return AIAO~B. 
Otherwise, Signal length-error. 

If AO is the Same as BO, 

If any item of the ravel-list of A is not a number, Signal domain-error. 
If any item of the ravel-list of B is not a number, Signal domain=erFor. 
Return (~~(~pA>p8x\~A,l>+.xB- 

Examples:’ 

1011 2 3 
123 

24 60 60 1, 1 2 3 
3723 

bd+2 3~10 10 10 12 60 60 
10 10 10 
12 60 60 

ll+B+3 2~1 4 2 5 3 6 
14 
2 5 
3 6 

ALB 
123 456 

3723 14706 
-.ooi 10 1011 2 3 

123 
60 1.1 2 3 

3723 
“13 

0 
‘A’IIO 

0 

No@: The shape requirements of A and B arc intentionally stricter in this definition than in several existing Systems. 

Specifjcally, this Standard does not require that if the last axis of A is om it be replicated to match the first axis of B, or that if 

the first axis of B is one rt be replicated to match the last axis of A. 
The first ekment of each \eft argurnen? has no actuai effect on the result of base value, but permits use of the Same left 

argumeßt for base value and representation. /f A is a positive numeric vector and B a non-negative numeric scalarjsuch that 

B<x/A,‘then AIATB is B. 
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10.2.9 Representation 

Informal Description: 2 is the representation of B in mixed radix number System A. 

Evaluation Sequence: 

If AorBisempty,return ((pA),pB)pO. 
If any item of the raveblist of A is a Character, Signal domain-error. 
If any item of the raveMist of B is a Character, Signal domain-error. 
If A is scalar, return A 1 B, evaluated with comparison-tolerante set to zeso. 
If A is a vector and B is a scalar, 

Generate two numeric vectors 2 and C that satisfy the following constraints: 

The length of 2 is pA. 
The length of C is l+pA. 
CCl+pAI is B. 
For all scalar indices 1 in I pd: 

2 111 is A CII TCCI+~]. 
If ACII is Zero, CCI] is Zero; 
Otherwise, CL11 is (CCI+ll-ZCII )+ACI]. 

Return 2. 

Otherwise, return Zl, an array such that the type of Zl is numeric, the shape-list of Zl is 
(pA ) 9 pB and the raveblist of Zl has the following property: 

Let I stand for an item of the index-set of the ravelalong-axis one of A. 
Let Al stand for vector-item 1 of the ravel-along-axis one of A. 
Let J stand for an item of the index-set of the ravel-list of B. 
Let Bl stand for item J of the ravel-list of B. 
Let N stand for the count of B. 
Let P stand for J+(Nx (I-1 > ). 

Then, vector-item P of the ravel-list sf Zl along-axis one is dl~B1. 
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Examples: 

10 10 10~123 
123 

10 10 10~123 456 
14 
25 
36 

da+11 3~10 16 2 
'0123456789ABCDEF'[~ l+dTlooo 10241 

00000001000 
000000003E8 
01111101000 

00000001024 
00000000400 
10000000000 

2 2 2 T -1 
111 

0 2 2 T -1 
-1 1 1 

0 1 T 3075 -3,75 
3 -4 
0,75 0.25 

Note: The shape of the result of mpmsenbtion is always ( pd > 9 p B. 
The Systemparameter oomparison-tolerante is not an implicit argument of representation. 
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10.2.10 Dyadic Transpose 

Informal Description: 2 is an array formed by rearranging and possibly coalescing the axes of B 
according to the vector A. Esch element of A corresponds to an axis of B by Position and to an 
axis of Z by value. The iargest value in A determines the rank of 2. All axes of Z must be 
present in A. If A contains no repeated elements, the shape of 2 is ( pB ) C&ll o Repeated 
elements in A select diagonals from B. The length of the corresponding axis of 2 is the shortest 
of the lengths of the designated axes of B. Uses index-origin . 

Evaluation Sequence: 

If index-otigin is nil, Signal implicit-error. 
If A is a scalar, set d 1 to , A. 
Otherwise, set Al to A. 

lf Al is not a vector, Signal rank-error. 
If the length of Al is not the Same as the rank of B, Signal length-error. 
ff any item of the ravel-list of Al is not a near-integer, Signal domain-error. 
Set d2 to the integer-array-nearest-to d 1. 
Generate d3, a numeric array with the shape-list of d 2 such that each item of the ravel-list of 

A3 is (one minus index-origin ) plus the corresponding element of d2. 
If A/A3 t’ I r /O ,d3 evaluated with comparison-tolerante set to zero is not one, Signal 

domain-error. 
If A / ( I r /O , d3 ) Ed3 evaluated with comparison-tolerante set to zero is not one, Signal 

domain-error. 

Return an array 2 having the following properties: 

The rankof 2 is r/O ,d3. 
The type of 2 is the Same as the type of B. 
The shape-list of 2 is such that for all I in the index-set of the shape-list of 2, item 1 of the 

shape-list of 2 is L / (d 3 =I > /p Be, evaluated with comparison-tolerante set to Zero. 
The ravel-list of 2 is such that, for all J in the index-set of the ravel-list of 2, item J of the 

ravel-list of 2 is item 1+ ( p B > L ( ( p 2 ) T J- 1 ) CA 3 1 of the ravel-list of B. 

Examples: 

1 3 2QlV234 
111 121 131 
112 122 132 
113 123 133 
114 124 134 

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

1 lQN34 
11 22 33 
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-3 1 2bSN234 
111 211 
112 212 
113 213 
114 214 

121 221 
122 222 
123 223 
124 224 

131 231 
132 232 
133 233 
134 234 

PP(iw?5 
0 
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10.2.11 Take 

Informal Description: 2 is an array having shape 9 1 A. Informaiiy, 2 is a corner of B. The choice 
of corner is based on the signs of the elements of A. If the absolute values of elements of A are 
greater than corresponding elements of pB, 2 is padded with the typical-element of B. 

Ewahation Sequence: 

If the rank of A is greater-than one, Signal rank-error. 
Set Al to ,A. 

If B is a scalar, set Bl to ( (pA1 )pl )pB. 
Otherwise, set El to B. 

If the shape-list of Al does not match the rank of BI, Signal length-error. 
lf any item of the ravel-list of A 1 is not a near-integer, Signal domain-error. 
Set A2 to the integer-array-nearst-to A 1. 

Return an array 2 such that the type of 2 is the Same as the type of B, the shape-list of 2 is 
1 A2, and the ravel-list of 2 has the property that for each scalar I in the index-set of the 
ravel-list of 2, item 1 of the ravel-list of 2 is determined as follows: 

Let J stand for ( ( 1 A2 > TI- 1 ) + (A2<0 ) xA2 +pBl evaluated with comparison-tolerante 
set to Zero. 
If each element of J is in the open-interval-between negative-one and the corresponding 

element of pB1, item 1 of the ravel-list of 2 is ( ,Bl > Cl+ (pB1 )LJ]. 
Otherwise, item I of the ravel-list of 2 is the typical-element of B. 

Examples: 

2+N5 
12 

-2+N5 
4 5 

31 32 
41 42 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

-2 6+N44 
33 34 0 0 
43 44 0 0 
-4 -4+99 

0 
0 
0 

99 
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- 10.2012 Drop 

Informal Description: 2 is a corner of B with shape 
ck the signs of the elements of d. 

0 r (pB )- 1 A. The choice of corner is based 

Evaluation Sequence: 

16 the rank sf d is greater-than one, Signal rank-errw. 
Set Al to ,d. 

If B isa scalar, set Bl to ((pdl)pl)pB. 
Otherwise, set El to El. 

16 the shape-list of Al does not match the rank of Bl, Signal length-error. 
If any item of the ravel-list of Al is not a near-integer, near-integer, Signal domain-errcw. 
Set A2 to the integer-array-nearest-to Al. 

Return (((d2~O)xO~d2+pBl)+(d2~O)xOLd2-pBl) + Bl evaluatedwith 
comparison-tolerante. set t6 Zero. 

Examples: 

UN5 
23 4 5 

2 -l+N44 
31 32 33 
41 42 43 

pl+5 
0 

po+5 
1 

pl 2 344 
0 0 0 

"+5 
5 

pp"+5 
0 
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18.2A 3 Matrix Divide 

Informal Description: 2 is the least squares Solution to a linear System specified by A and B. 

Evaluation Sequence: 

If the rank of d or the rank of B is greater-than two, Signal rank-ersor. 
Set Al to (2+(pA),l 1)pd. 
Set Blto (2+(pB),l l>pB. 
If 1 + p Al is not the Same as 1 + pB1, Signal length-error. 
lf 1 + p El is less-than -l+pEl, Signal length-error. 
If any item ofthe ravel-list of d is not a number, Signal domain-etror. 
lf any item of the ravel-list sf B is not a number, Signal domain-error. 
Use the implementation-algorithm matrix-divide to generate an array 2, such that the type of 2 is 

numeric, the shape-list of 2 is ( Tl + pB1 > 9 T 1 + pA1, and the ravel-list of 2 has the property 
that for each scalar 1 in Pml+pdl, Z[;I] is such that it minimises 
+/(dlC;II-Bl+.xZ[;6])*2. 

If 2 cannot be uniquely determined within a reasonable round-off criterion by the above 
constraints, Signal domain-error. 

Return ((l+pB),l+pA)pZ. 

Additional Requirements: 

The round-off criterion discussed above is not specified by this Standard. 

No&: The following article, Martin, G. A., The Solutions of Linear Systems in APL : Towards An Extension of Matrix Divide APL80 
Noordwdkerhout June 24-26, 7980 - Published by G&sbert van der Linden, North-Holland Publishing Company Amsterdam. New 
York. Oxford, describes an acceptable algorithm for ma trix division. 

The following document also deals with this subject: Jenkins, M. A., Domino - An APL Primitive Function for Matrix Inversion - 
lts lmplementation and Applications. APL Quo te-Quad Vol Ill No. 4, February 7972, pp. 4- 75. 
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10.2.14 Indexed Reference 

Informal Description: 2 is an array consisting of elements of the array A sekcted and structured 
by the Position and values of the arrays in the index-list 1. Uses index-origin . 

Evaluation Sequence: 

If the number-of-items in the index-list I is not the Same as the rank of A, 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 EX stand for (array) item X of L. 
Let LY stand for (array) item X+l of L. 

Generaie J, an list of arrays having the count of 1, such that for every member X of the 
index-set of 1, 

If IX is an elided-index-marker, set JX to -l+ I ( pd ) [XI . 
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 IX. 
Set JX to JX minus index-origin . 
If any element of JX is not an element of Tl+1 ( pd ) [XI, Signal index-error. 

Set JXto JX x x/ X+pA. 

Generate L, a list of arrays with l+p pA (array) items such that 

Item l+ppd of L is one. 
For all Xin lppd, LXis JX o.+ LY. 

Let K stand for first-item in the list of arrays L. 
Return (,A)CKI. 

Examples: 

1 2 3C21 
2 

N222C2 1;;21 
212 222 
112 122 

Note: Since an index-list tan never have Zero items, indexing will always Signal rank-error when argument d is a scalar. 

The vector indexing on which this subsection is based is defined in the subsection evaiua~indexed-n?fMmce. 
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10.2.15 Indexed Assignment 
0 

. 

z f VCI] + B 

Informal Description: 2 is B. As a side effect, indexed assignment sets elements of the array V 8 
selected by the Position and values of the arrays in the index-list % 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-origin is nil, Signal implicit-error. 
Set A to the current-content of V. 

If the number-of-items in the index-list I does not match the rank of d, 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+l of L. 

Generate J, an index-list having the Same count as 1 such that for evety item X of the 
index-set of 1, 

If IX is an elided-index-marker, set JX to -1 + I ( pd ) [X] . 
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 IX. - 
Set JX to JX minus index-origin . 
If any element of JX is not an element of -1 +I ( pd > [XI, Signal index-error . 

Set JXto JX x x/ X+pA. 

Generate L, an index-list with l+ppd (array) items such that 

Item l+p pd of L is one. 
For all Xin tppd, LXis JX o.+ LY. 

Let K stand for first-item in the list of arrays L. 

Set Kl to ( ( 1 g p K > / pK ) p K evaluated with comparison-tolerante set to zem. 
Set Bl to ( ( 12: p B > / pB > pB evaluated with comparison-tolerante set to Zen>. 

If Bl is a scalar, set B2 to (pK1 )pBl. 
Otherwise, set B2 to Bl. 

If the rank of Kl is not the Same as the rank of B2, Signal rank-error. 
If any item of the shape-list of Kl is not the Same as the corresponding item of the shape-list of 

B2, Signal length-error. 
If Kl is not empty and the type of d differs from the type of B, Signal domain-error. 
Set M to one. 
Repeat: 

If M is not greater-than the count of Kl, 

Let K2 stand for item M of the ravelllist of Kl. 
Set item K2 of the ravel-list of d to item M of the ravel-list of B. 
Set M to M plus one. 
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Otherwise, 
Set the current-refemnt od V to a token whose ciass is variable and whose content is d. 
Return a token whose cllass is committed+alue and whose content is B. 

(End of repeated block) 

Examples: 

X+l 2 3 
ckXC3 21+4 5 

45 
X 

1 5 4 
Cl+Y+N222 

111 112 
121 122 

211 212 
221 222 

ckYC2 1;; l]+Nl2121 
11111 
11121 . 

12111 
12121 

Y 
12111 112 
12121 122 

11111 212 
11121 222 

Additional Requirements: 

fhe evaluation sequence requires that the vaiue of A Cl] afier the Statement A [ 1 1 l] tl 2 3 
has been evaluated be 3. 

Indexed assignment exhibits atomic behaviour. If indexed assignment Signals an error, the value of 
V shall be unchanged. 

NO*: Since an index-/ist tan never have zero items, indexing will always Signal rank-error when argument A is a scalar. 
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11 SYSTEM FUNCTIONS 

11 .l INTRODUCTION 

Nste: s ystem functions are primitive functions whose names are distinguished-identers 
function names are not permitted in the Lokals-list of a d@&fW?Ction kader-line. 

primitives. 

The System functions related to shared-vatiables and defIne&functions are specified in those chaptefs. 

11.2 DEFINITION 

11.3 DIAGRAM 

Identifier-Row 

“>> - simple - 
identifier 

'i,_,,,,,_l> 

System 
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11.4 NILADIC SYSTEM FUNCTIONS 

Note: A niladic System fbnction is an implementation-provided faciiity associated witA a distinguishd-identifier. Tt?e primafy 
ditference between a niladic System ftrn&on and a System variable IS that a niladic System function Causes an effor to be 
signalled if its name is included in the /ist of locals of a defined function header. 

11.41 Tlme Stamp 

Informal Description: 2 is a seven-element numeric vector representing the current date and time 
relative to an epoch and a time zone. The choice of epoch and time zone are not specified by this 
Standard. 

Evaluation Sequence: 

Return the seven-element numeric vector result of the implementation-algorithm time-stamp. 

Example: 

WS 
1789 7 14 11 14 45 586.4 

Additional Requirements: 

The first through sixth elements of the result returned by time-stamp are integral and represent 
respectively the current year, month, day, hour, minute, and second relative to the underlying epoch 
and time zone. The hour corresponds to the number of integral hours that have elapsed within the 
current day. 

The seventh and last element is a quantity, not necessarily integral, representing the milliseconds 
that have elapsed within the current second. 

The accuracy, resolution, epoch, and time zone for timestamp are not specified by this Standard. 
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11.4.2 Atomic Vector 

Informal Description: 2 is an implementation-defined Character vector containing every element of 
the Character-Set exactly once. 

Evaluation Sequence: . 

Return atomic-vector. 

Aietc The elements of the atomievector are often ordered so that, in index-origin xem, 

((r2@pllAv)p2)TllAV~ *X’ givesthebitrepresentationof IX*. This behawiour is not required. 

11.4.3 bine (beunter 

z f OLC 

Informal Description: % is a vector of Statement numbers of active 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 t pY, Y CII is the current-line-number of item 1 of the 
state-indicator, if the mode of item I of the sbte-indicator is defined-function, and xero othetwise. 
Set M to a Boolean vector whose length is the Same as the number-of-items in the 

state-indicator, such that for every 1 in I PM, M CII is one if the mode of item 1 of the 
state-indicator is definedfunction, and zen, otherwise. 

Return M/Y. 

Note: The operations that affect the vzlue of CILC are discussed in the subsection Mn&-tinction-control. 
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11.5 MONADIC SYSTEM FUNCTIONS 

hfOfC Refer to tlre De#m Functions chapter for definitions of IIFX and OCR. 

11.5.1 Delay 

Informal Description: 2 is the time, in seconds, for completion of this Operation. As a side effect, 
LIDL Causes a delay in execution of at least B seconds. 

Evaluation Sequence: 

Set 2’0 to current-time seconds. 
If B is not a scalar, Signal rank-error. 

lf B is not a number, Signal domain-error. 

Set Tl to TO plus 23. 
Wait until current-time is not less-than Tl. 
Return 2, a numeric scalar such that the first-item in the ravel-list of Z is current-time minus 

TO . 

Note: B may be frac tional OP negative. 
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11.52 Name Class 

Informal Description: Z is a vector of name classes giving the usage of the identifier in the 
corresponding row of B. 0 means an identifier is available without current referent; 1 a label; 
2, a variable or a shared variable; 3, a defined function. 

Evaluation Sequence: 

If the rank of B is greater-than two, Signal rank-error. 
If B is empty, return I 0. 
Set BI to (-2+1 1,PB)pB. 
If any row of Bl does not match identifier-row, Signal domain-error. 
Generate 2, a numeric vector such that the length of 2 is the Same as the number-of-rows in 

El, and the ravel-list of 2 has the property that for every I in t l+ pB, the following holds: . 

Let ZI stand for item 1 of the ravel-list of 2. 
Let N 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 Z~KB. 
If the current-class of N is label, 21 is one. 
If the current-class of N is variable or shared-variable, 21 is two. 
If the current-class of N’ is defined-function or niladic-defined-function, ZI is thFee. 
Otherwise, Signal domain-error. 

Return 2. 

D Z+TEST;RO;R21;R22;R3l;R32 
Cl1 Rl:R21+1 IISVO 'R22' 

.C21 Z4lFX 1 3prR31t 
[31 Z+OFX 1 5p'R32 X' 
CU ZGINC 6 3prR0 Rl R21R22R31R32' 

v 
TEST 

012233 
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112.3 Expunge 

Informal Description: 2 is a Booiean vector such that an element of 2 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 Sequence: 

ff the rank of B is greater-than two, Signal rank-error. 
Set BI to (-2+l 1,pB)pB . 

For each row J of El, 

If row J of Bl does not match identifier-row, Signal domain-error. 
Let N stand for the token that matched the Character-diagram simple-identifier in 

identifier-Fow. 
’ If the current-class of N is shared-variable, retract N. . 

If the current-class of 4v is variable, set the current-referent of N to a token whose class is nil. 
If the current-class of N is defined-function or niladic-defined-function, and if the 

current-referent of N is locally-erasable, set the current-referent of N to a token whose class 
is nil. 

Return -ONC B. 

Additional Requirement: 

The Operation of Expunge is atomic: if Expunge Signals an error, current-referents shall be 
unchanged. 

Note: Because of the definition of Iocalfy-erasable, a cWVmMmction cannot be expunged by a confWtM?g-program while it is 
pendent or waiüng. This does not prevent a con&mning-implemnttion from permifting such behaviour; it simply leaves the 
consequences to a conforming-program undefined until some future Standard. 

11.54 Name List 

informal Description: 2 is an identifier-array. An identifier occurs in 2 if its name-class is in B. 
Elements of B tan 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 Bl to the integer-array-nearest-to B. 
If Bl contains any numbers other than one, two, or three, Signal domain-error. 
Generate 2, 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 
Ie&justified in the rows of 2, and 2 has no all-blank traiiing columns. 

Return ((ONC 2)~Bl )fz. 

Note: The rank of 2 is always two. /f there are no symbols with a name-class designated in B, 2 4s 0 OP T 1 . 
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11.55 Query Stop 

Z + IISTOP B 

Informal Description: 2 is an integer vector of line numbers in the function whose name is B that 
have stop controi 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. 
Let N stand for the token that matched the Character-diagram simple-identifier in identifier-row. 
If the current-class of N is not defined-function or niladic-defined-function, Signal domain-error. 
Return the stop-vector of the current-content of N. 

Additional Requirement: 

Query Stop is part of the optional-facility Trace-and-Stop-Contrl. 

Note: Query Stop is not origin sensitive. 

If no lines have stop control Set, the result is IO. 

11.5.6 Query Trace 

Z + CITRACE B 

Informal Description: 2 is an integer vector of line numbers in the function whose name is B that 
are being traced. - 

Evaluation Sequence: 

If the rank of B is greater-than one, Signal rank-error. 
If B 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 not defined-function or niladic-defined-function, Signal domain-error. 
Return the trace-vector of the current-content of N. 

Additional Requirement: 

Query Trace is part of the optional-facility Trace-and-Stop-Control. 

Note: Query Trace is not origin sensitive. 

If no lines are being traced, the result is i 0. 
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11.6 DYADE SYSTEM FUNCTIONS 

11.6.1 Name List 

Informal Description: 
a letter in A. 

2 is an identifier-array of all names having a name-class in B that begin with 
. 

Evaluation Sequence: 

If the rank of A is greater-than one, Signal rank-error. 
lf any item of the ravel-list of A does not match letter, Signal domain-error. 
Set Zlto CINLB. 
If O~p21, return Zl. 
Return (Zl[;ll~A)fZl. 

11.6.2 Set Stop 

Informal Description: 2 is a numeric vector representing the stop controls in effect for the function 
whose name is in B before OSTOP began evaluation. As a side effect, IISTOP sets stop 
controls for the function. whose name is in B at lines specified by A. 

Evaluation Sequence: 

If the rank of B is greater-than one, Signal rank-error. 
If B 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 not defined-function or niladic-defined-function, Signal domain-error. 

If the rank of A is greater-than one, Signal rank-error. 
If any item of the ravel-list of A is not a near-integer, Signal domain-error. 
Set Al to the integer-array-nearest-to A. 
If any item of the ravel-list of Al is not a positive-integer, Signal domain-error. 
Set ZtoclSTOPB. 
Let M stand for the last-Iine-number of the current-content of N. 
Set the stop-vector of the current-content of N to ( ( IM > EA~ ) / IM, evaluated with index-origin 

one. 
Return 2. 

Additional Requitiment: 

Set Stop is part of the optional-facility Trace-and-Stop-ContI. 

Note: Stop controls are an attribute of de?ine&function objects. IISTOP affects the current-timnt of B only. 
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11.6.3 Set frace 

Z + A I7TRACE B 

Informal Description: Z is a numeric vector representing the lines being traced in the function 
whose name is in B befcxe OTRACE began evaluation. As a side effect, CITRACE begins 
tracing the lines specified by A in the function whose name is in B. 

Evaluation Sequence: 

lf the rank of B is greater-than one, Signal rank-error. 
16 B does not match identifier-row, Signal domain-error. 
Let iV stand for the token that matched the Character-diagram simple-identifier in identifier-row. 
lf the current-class of N is not defined-function or niladic-defined-function, Signal domain-error. 

If the rank of A is greater-than one, Signal rank-error. 
If any item of the ravel-list of A is not a near-integer, Signal domain-error. 
Set A 1 to the integer-array-nearest-to d. 
If any item of the ravel-list of Al is not a positive-integer, Signal domain-error. 
Set Z to OTRACE B. 
Let M stand for the last-line-number of the current-content of N. 

. 

Set the trace-vector of the current-content of N to ( ( IM ) EA 1 > / t M, evaluated with index-origin 
one. 

Return 2. 

Additional Requirement: 

Set Trace is part of the optional-facility Trace-and-Stop-Contrl. 

Note: Trace controis are an attribute of MmHlmction objects. OTRACE affects tne current-tirent of B only. 
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12 SYSTEM VARIABLES 

12.1 BEFINITIONS 

System-Variable-Symbol: A Symbol, having as its name a distinguished-identifier, and as its 
referent-list a lisi of tokens representing the value assigned to an associated system-parameter . 
in each context of the state-indicator. 

Note: System parameters are values used implicitly and set as side effects by primitive Operation& 

lnternal-Value-Set: An implementation-defined set of values 
system-variable-Symbol tan take on. 

that the tokens in the referent-list of a 

Note: When a system-variablesymbol is localised the initial dass of its associated system-parameter is nil. ff a primitive 
Operation is invoked that requires a System Parameter whose class is cuffently nil, the primitive OperatiOn Signals implicit-effof. 
Therefore, a conforming-program that localises systenwariabl~symbols should assign them values ffom their 
intefnaI-value-set before cailing primitive operations that require them. . 

The assignment Operation 
intefnai-value-set 

for a System variable rejects attempts to set its associated System Parameter to a value oufside its 
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12.2 EVALUATION SEQUENCES 

12.2.1 Comparison Tolerante 

2 + OCT + B 
2 =+ IXT 

Informal Description: 2 is the current value of comparison-tolerante . 

The distance within which numbers are to be considered equal by certain primitives is a function 
of comparison-tolerante . 

Evaluation Sequence: 

For form CICT 

Return comparison-tolerante . 

For form CICT + B 

If the rank of B is greater-than one, Signal rank-error. 
If the count of B is not one, Signal length-error. 
Let El be the first-scalar in B. 
If El is not a nonnegative-number, Signal domain-error. 
If Bl is not in the internal-value-set of comparison-tolerante , Signal limit-error. 
Set comparison-tolerante to B 1. 
Return a token whose class is committed-value and whose content is B. 

Additional Requirements: 

The internal-value-set for comparison-tolerante consists of nonnegative-numbers not greater than the 
implementation-Parameter comparison-tolerante-limit. 

The initial value of comparison-tolerante in a clear-workspace is that member of the internal-value-set 
for comparison-tolerante given by the implementation-Parameter initial-comparison-tolerante. 

Note: The following subsections reference amparison-Werante : ceiling, equal, t?oof, gfeatef #an of equal to, gfeatef #an, 
hdex of, less tnan or qua/ to, less than, member of, not equal, and msidue. 
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12.2.2 Random Link 

Z + IIRL + B 
Z + ORL 

Informal Description: 2 is the current value of random-link ; random-link is the current seed of the 
pseudorandom number generator. 

Evaluation Sequence: 

For form ORL 

Return random-link . 

For form IIRL + 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 Bl to the first-scalar in B. 
If El is not a near-integer, Signal domain-error. 
Set B2 to the integer-nearest-to Bl. 
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 o 
Return a token whose class is committed-value and whose content is B. 

Additional Requirements: 

The internal-value-set of random-link is implementation-defined. . 

The initial value of rando m-link in a clear-workspace is that member of 
random-link given by the implementation-Parameter initial-random-link. 

the internal-value-set for 

Note: The System Parameter random-/in& is used and set by roll and deal. Roll gives a reference for a suibbie algorithm. 
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12.2.3 Print Precision 

Z + CIPP + B 
z + LIPP 

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 UPP 

Return print-precision . 

For form CIPP + B 

If the rank of B is greater-than one, Signal rank-error. 
If the count of B is not one, Signal length-error. 
lf B is not near-integer, Signal domain-error. 
Set El to the integer-nearest-to the first-scalar in B. 
If El is less-than one, Signal domain-error. 
16 El is not in the internal-value-set of print-precision , Signal limit-error. 
Set print-precision to Bl o 
Return a token whose class is committed-value and whose content is B. 

Additional Requirements: 

The internal-value-set of print-precision 
one and print-precision-limit. 

consists of the scalars in the closed-interval-between 

The initial value 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 pfint-pmckion is used by 
should be greater than of equal to full-pfint-pfeckion. 

monadic and numefimwtput-umversion. Pfint-precision-limit 

APL Standard 
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12.2.4 Index Origin 

Z + UIO + B 
z f CIIO 

Informal Description: 2 is th e current value of 
first Position sf any axis of non-Zero length. 

index-origin which is the index associated with the 

Evaluation Sequence: 

For form 010 

Return index-origin . 

For form EI10 + B 

ld the rank of B is greater-than one, Signal rank-error. 
If the count of B is not one, Signal length-error. 
16 B is not a neer-integer, Signal domain-error. 
Set El to the integer-nearest-to the first-scalar in B. 
lf Bl is not in the internal-value-set of index-origin , Signal Iimit-error. 
Set index-origin to Bl. 
Return a token whose class is committed-value and whose content is B. 

Additional Requirements: 

The internal-value-set for index-origin is the scalar integer values zero and one. 

The initial value of index-orig in in a clear-workspace is that member of 
index-origin g ive In by the imp llementation-Parameter initial-index-origin. 

the internal-value-set for 

Note: The following primitive operations refer to index-ofigin : deal, dyadic transpose, gfade down, grade up, index genefatof, 
index af, indexed assignmnt, indexed relWem, roll, and all functions that provide for axis specificatron when the ferm 
containing an axis is used. 
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12.2.5 Latent Expression 

Z + IILX + B 
z f IILX 
Z + CILXCI] + B 

Informal Description: 2 is the current value of latent-expression 
executed when a workspace is activated. 

Evaluation Sequence: 

For form CILX 

Return latent-expression . 

For form IILX + B 

If the rank of B is greater-than one, Signal rank-error. 

, which is a Character vector that is 

If any item of the ravel-list of B is not a Character, Signal domain-ertor. 
if B is not in the internal-valueset of latent-expression , Signal limit-error. 
Set latent-expression to 9 B. 
Return a token whose class is committed-value and whose content is B. 

For form IILXCII + B 

Set LX to latent-expression . 
Evaluate LXCII + B. 
Set latent-expression to LX. 
Return a token whose class is committed-value and whose content is B. 

Additional Requirements: 

The internabvalueset for latent-expression is an implementation-defined subset of the set of all 
Character vectors which includes the empty vector. 

The initial value of latent-expression in a clear-workspace is that member of the internal-value-set for 
latent-expression given by the implementation-Parameter initial-latent-expression. 
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13 DEFINED FUNCTIONS 

13.1 INTRODUCTION 

Note: Algorithms written in APL are cailed 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 and, in 
the case of argument names, initialised. Esch body line consists of an optional label foilowed by an APL line to be evaluated. 
Body lines are evaluated in the Order in which they occuf in the defined function unless a statement beginning with a right 
arro w is evaluated. 

A defined function is established in a workspace by the System function OFX, by actions in function definition mode, or by the 
System command ) COPY o 
In this Standard, a definecHU??ction is represented as an Object with three attributes: canonicai,representation, Pace-vector, 
and stopvector. A deibed-&nction is calied when its harne occufs in a prefix of the current-Stack matching one of the patterns 
in the phfasetable. 

A c#eiMe&mmtion is called by the Operation u?ll-defIne&fW?ction. This opefation prefixes the sta&Wn%ator with a new 
context, iodises and initialises any local names in the header-line, and calls the evaluation sequence in the subsection 
de#ned-flrnction-conontrol. 

A deilm?HUnction ends the evaluation if deflne&hrnction-contrd finds current-i~nWWmber set to a value not in the 
clos&intervaI-between one and last-line-number. At this Point, the first item of the sb&+indicator is discarded and a token of 
class resuit is returned, via cali-definet&Wnction, to the phraseevaluator that called it. 

The feturned token may be constant (for functions returning a value), nil (fof functions that retufn no value), unwind (for 
functions that end through the evaluation of an escape arrow), or cfear-statWndicator (as the result of an > SIC command). 

If a line in a MnetMmction Signals an error, inmed~a~exewtion is called to report the effor and suspend the 
den&firnction.. Immediate-execution may return either a branch to indicate that evaluation of the defWeHUnction shouid 

. continue, of an eswpe or clear-sbt&ndicator to indicate that the MneHUnction context shouid be femoved ffom the 
Sb*indiC&Of. 
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13.2 DEFINITIONS 

Note: The following term defines the subset of anays that tan be used to create dW’In&-flrnctions. 

Proper-Defined-Function: An array A is a proper-defined-function if 

The type of A is Character. 
The rank of A is bwo. 
kl has at least one mw. 
The fit-st FOW of A matches the Character-diagram header-line. 
No identifier in the first row of A is the distinguished-identifier Cl or [3 or is a 

system-function-name or niladic-system-function-name. 
All rows after the first in A match the Character-diagram body-line. 

Note= The following definifions give properties of arrays that are ptvper-detined-flrnctions. 

Niladic: d, an array that is a proper-defined-function, is niladic if the form of the first row of d 
is niladic-function-header. 

Monadic: d, an array that is a proper-defined-function, is monadic if the form of the first row of 
d is monadic-function-header. 

Dyadic: d, an array that 
dyadic-function-header. 

is a proper-definedfunction, is if the form of the first row of A is 

Value-Returning: d, an array that is a proper-defined-function, is value-returning if, when 
header-line is threaded with the first FOW of d, the diagram result is threaded. 

No& The foliowing terms categorise tfetined-fundions according to their presence on or absence from the date-indkator. 

Suspended: N, a simple-identifier, is suspended if it is the function-name of a context that 
immediately follows an immediate-execution context. 

Pendent: N, a simple-identifier, is pendent if it is the function-name of a context that does not 
immediately follow an immediate-execution context. 

Waiting: N, a simple-identifier, is waiting if a token whose class is defined-function-name and 
whose content 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 and G are defined function names, G is waithg during the evaluation of (F 2 > in the /inc 
(F 2) G 3. 

Editable: 
are true: 

N, a simple-identifier, is editable if the current-referent of N is nil, or if all the following 

The current-class of N 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 definition requires that a contbrming-implementation be capable of editing the top function on the state 
indicator as lang as lt has not been locaiised and occufs nowhere eise on the state indicator. This minimal definition is 
included to be certain that all confbrming-implemenbtions be capable of intef+ztive pfogram 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. 
lf there is no such context then N 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 gbbally-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: 

lf 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 locally-erasable. 
Otherwise, let C be the first (most local) context in whose current-Statement a defined-name 

with content that of N appears. 
lf the index of C is greater than that of L, then N is locally-erasable. 

No&: Informaily, N is Iocally-erasable if it has been Iocalised since the /ast time it was made waiting or pendent. This 
definition is used in OEX to specify that the expression ( OEX * F 1 ) F 1 be the Same as 0 F 1; it is used in 
CIFX to specify that the expression ( CIFX 1 1 p * F 1 ) F 1 Signa/ a ctoma~mermr. 

No*: The following operations provide information about arrays that are proper4etlWftions. 

Function-Name of A: For A a proper-defined-function, the simple-identifier that matches 
function-name when the Character-diagram header-line is threaded with the first row of A. 

Last-eine-Number of A: For A a proper-definedfunction, negative-one plus the number-of-rows in 
A 0 

Header-Name-List of A: For A a proper-defined-function, a list of identifiers developed as follows: 

Thread the Character-diagram header-line with the first row of A. 
Return a list of tokens consisting of identifiers that matched any of the Character-diagrams 

local-name, result-name, Ie&argument-name, or right-argument-name. 

Label-Name-List of A: For A a proper-defined-function, a list of simple-identifiers developed as 
fol lows: 

Set 2 to the empty-list of tokens. 
For each index 1: in the closed-interval-between one and last-line-number of A, 

Thread the Character-diagram body-line with row I plus one of A. 
lf labelled-line was matched, append the simpleidentifier token that matched the 

Character-diagram label-name to 2 as a new last item. 

Return 2. 

Local-Name-List of A: For A a proper-defined-function, a list of identifiers consisting of the 
label-name-list followed by the header-name-list. 

Identifier4latching D in A: For A a proper-defined-function and D a Character-diagram, a 
simple-identifier token developed as follows: 

Thread 
Return 

D . 

the Character-diagram header-line with the first row of A 
a to ken of class simpl e-identifier w hose content is the list of characters that matched 

Note: Identifier-Matthing is used to refer to the arguments and result of an arbitrary defined function. Function-Line 1 of A: For A a proper-defined-function, a list of characters developed as follows: 

Thread the Character-diagram body-line with mw 1 plus one of A. 
Return the list of characters that matched the Character-diagram line in body-line. 

Note: The following operatrons aflect symbds. 
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Localise Av: 

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 N is shared-variable, retract N. 
Remove the first item from the referent-list 6f the symbol-named-by N. 

Current-Canonical-Representation: The canonical-representation of the current-function of the 
current-context in the active-workspace. 

Current-Function-Line 1: Function-Line I of the current-canonical-representation. 

Current-Last-LineNumber: The last-line-number of the current-canonical-representation. 

Current-Stop-Vector: 
active-workspace. 

Current-Trace-Vector: 
active-workspace. 

The stop-vector of the current-function of the current-context in the 

The trace-vector of the current-function of the current-context in the 

Current-Local-Names: The local-name-list of the current-canonical-representation. 

Current-Right-Argument-Name: The identifier-matthing right-argument-name in the 
curtent-canonical-representation. 

Current-Left-Argument-Name: The 
current-canonical-representation 

identifier- Imatching left-argument-name in the 

Current-Result-Name: The identifier-matthing 
current-canonical-representation. 

result-name in the 
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‘93.3 DIAGRAMS 

In these diagrams, 

, b Stands for permitted-blanks. 
r Stands for required-blanks. 

Header-Line 

>>- b ~_( relult -7 b - form - b s-r loca,:-list *T>> 

Example: 

Z + A F B;C;OIO - 

Note: The header line indicaies the name and syntactic class of the ~ne&M?~tion. lt also gives a /ist of identifiers to be 
localr’s~ when the defzned-fumtion is ca//ed. 

This Standard does not provide for end-of-line comments in headef lines. 

Result 

>> result-name - b - assignment-arrow ->> 

Result-Name 

>>- simple-identifier ->> 

Form >> 
-m-E 

>- niladic-function-header -> 

>- monadic-function-header -> 

>- dyadic-function-header -> F >> 

Niladic-Function-Header 

>> function ->> 
-name 

Monadic-Function-Header 

>> function - r L right >> 
-name -argument 

-name 
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Dyadic-Function-Header 

>> left r - function - r- right >> 
-argument -name -argument 
-name -name 

Right-Argument-Name 

>> simple-identifier ->> 

Left-Argument-Name 

>> simple-identifier ->> 

Locals-List 

r < < 1 
>>->- local -b- local - b ->> 

-marker -name 

Colon 

Local-Marker 

‘>> ; 
I >> 

Function-Name 

>>- simple-identifier ->> 

Local-Name 

>>- identifier >> 
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Label-Name 

>>- simple-identifier ->> 

Body-Line 

>>-- b -c >- labelled-line -> >> 

> line > l- 

Labelled-Line 

>> label-name - b - colon - b - line ->> 

Permitted-Blanks 

Required-Blanks 

>>.1>- blyk ->ar>> 
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13.4 OPERATIONS 

13.4.1 Call-Defined-Function 

2 + DFN 
2 + DFN B 
2 + A DFN B 

Informal Description: 2 is the value of the variable given as the result name in the header line of 
the defined function whose name is DFN. If there is no result name, 2 is nil. 

Evaluation Sequence: 

Generate a new context in which 

mode is defined-function, 
current-line is the empty list of characters, 
currentfunction 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 the current-local-names. 

For form Z + A DFN B 

If current-function is not dyadic, Signal Syntax-error. 
Set the symbol-named-by current-left-argument-name to A. 
Set the symbol-named-by current-right-argument-name to B. 

For form 2 + DFN B 

If current-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 
current-referent of the simple-identifier that matches label-name to a token of class label and 
content the numeric-scalar with value 1. 

. 

Set 2 to defined-function-control. 
Delocalise the current-local-names. 
Remove the first-item in the state-indicator of the active-workspace. 
If 2 is escape, Signal unwind. 
Otherwise, return 2. 

Note: Tokens of dass escape are converted to tokens of class unwind so 
issued in immedia*execution mode from one issued in a definetMmction. 

immedia*execution tan dis tinguish an escape 

The context attribute wrrent-function includes the function itself plus its tface 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 4 stand for curFent-line-number. 
Set 4 to one. 

Repeat: 

16 
If 

If 

1 is in the cursent-stop-vector, set attentionflag to one. 
2 is an error or attention-flag is one, 

Set N to immediate-execution with 2. 
lf N is escape or clear-state-indicator, return N. 
If N is branch, set I to the content of N. 

I is not in the closed-interval-between one and current-last-line-number, 

lf 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 2 to evaluate-line of current-function-line I. 
If 2 is escape, unwind, or clear-state-indicator, return 2. 
If 2 is branch, set li to the content of Z.- 
If 2 is value or nil, set I to 1 plus one. 

(End of repeated block) 

Note: The attention-Vag is reset by the user faciiity enter. 

The ciass of the token returned by evaluatdine for + ‘I 0 is nil, not branch. 

The value-ermr signalled from detrned-?Unction-control is signalled in the line that invoked the defined function; the error is 
introduced to prevent conforming-programs from exiting a defined-M?t2iOn with the wrrent-class of the msult-name Set to 
defined-function, niladicx#eOnd-function, of shared-variable. 
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13.4.3 Function Fix 

Informal Description: 2 is, for B the canonical-representation of a defined function having 
function-name N, a Character vector holding IV. As a side effect, the defined function that B 
represents is established as the current referent of N. Rows sf B that are all blanks give rise to 
blank lines in the established function. 

Evaluation Sequence: 

lf the rank of B is not two, Signal rank-error. 
If B is an empty array, Signal length-error. 
If any item of the ravel-list of B is not a Character, Signal domain-error. 
If B is not a proper-defined-function, Signal domain-error. 
lf identifiers are duplicated in the iocal-name-list of B, Signal domain-error. 
Let N stand for the simple-identifier that matches function-name in the fit-st row of B. 
If the current-class of N is not definedfunction, niladic-defined-function, or nil, Signal 

domain-error.. 
If N is not locally-erasable, Signal domain-error. 
Set the current-referent of N to a defined-function for which 

Canonical-Representation is B. 
Stop-Vector is I 0. 
Trace-Vector is I 0. 

. 

Return a Character vector 2 such that the length of 2 is the number-of-items in the content of N 
and the ravel-list of 2 is the content of N. 
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13.4.4 Character Representation 

Informal Description: 2 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-ern>r. 
If the length of B is Zero, Signal length-error. 
If B does not match the Character-diagram identifier-row, Signal domain-error. 
lf the 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 

canonical-representation of t he current-content of B. 

Additional Requirements: 

Yhe formal model of APL used in this Standard assumes that the internal representation of a defined 
function is precisely the Character matrix satisfying the requirements for a proper-defined-function 
that was supplied as an argument to function fix. Representation of defined functions in this way in 
an implementation is neither required nor suggested. 

Yhe preservation of numeric literals and blanks as entered is desirable in the Character 
representation, but it is not required by this Standard. OCR CIFX OCR CIFX X shall be the 
Same as OCR OFX X, if X is a proper-defined-function. 

If numeric-literals are stored as numbers 
print-precision set to full-print-precision. 

in defined-functions, they are to be formatted with 
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13.5 FUNCTION EDITING 

Note: The function editing facilities described 
entering and coffecting defined functions. 

here are included to provide the APL pfogfammef with a standafd method fof 

13.51 Evaluate-Function-Definition-Request 

Evaluate-Function-Definition-Request Q. 

Uote: This subsection provides minimal facilities for the establishment and alteration of detlne&firnctions. 

An identifier tan be edited by the functjon editing facilities only if it is is editable. The header line of a defh?Minction tan be 
altered only if the fkmction-name is locally-erasable. 

In function-defhition nm&, lines of the function being edited are temporafily associated with numbers in decimal-rational ferm 
by an unspecified mechanism. When a function is closed, the Order of the lines given by the line number associated with each 
line is mainbined. 

The display of a function should be the same as the entries required to add the function to a clear-workspace. 

This Operation is called by immed~aZmexecution when it recognises a tW?ction-dethHion-he. 

Evaluation Sequence: 

Thread opening-request with &; if & does not matbh opening-request, Signal definition-error. 
Rethread opening-request with &, taking the following actions: 

When creation-request is matched, 

Set C to the list of characters that matched creatiowrequest. 
Set 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 

definition-error. 

When Change-request is matched, 

Set N to the simple-identifier that matched the diagram subject-function in 

Change-request. 
Set G to the list of characters that matched initial-request. 

If the current-class of N is nil, set M to a new defined-function for which 

Canonical-RepFesentation is 0 Op * t 
Stop-Vector is I 0 
Trace-Vector is t 0. 

Othetwise, 

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-Iine is G, 
current-function is M, 
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current-line-number is the number-of-rows in the canonical-representation of M, 
current-Statement is the empty list of tokens, and 
Stack is the empty Iist of tokens. 

Append the context as a new first item to the state-indicator. 
Repeat: 

Set 2 to evaluate-editing-request. 
If 2 is command-complete, 

Remove the first-item in the state-indicator of the active-workspace. 
Return 2. 

If 2 is an error, display 2. 
Set current-prompt to function-definition-prompt of current-line-number. 
Set current-line to read-keyboard. 

(End of repeated block) 

Additional Requirements: 

Yhe prompt in definition mode is a line number enclosed in brackets. Line numbers are always 
displayed in decimal-rational form. Yhe line number of the header is always Zero: it is not affected by 
index-origin . 
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13.5.2 Evaluate-Editing-Request 

EvaluateEditing-Request 

Informal Description: This subsection acts on a Single line 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-%ine. 
Let S stand for the current-stop-vector. 
Let T stand for the current-trace-vector. 
Thread general-request with current-line; if general-request does not match current-line, Signal 

definition-error. 
Otherwise, rethread general-request with current-line, taking the following actions: 

When positioning-request is threaded, 

Set L to the numeric-input-conversion of the list of characters that matched line-number 
in positioning-request. 

If L is a negative-number, Signal definition-error. 
If L is greater-than definition-line-limit, Signal limit-error. 
Set current-line-number to &. 

When deletion-request is threaded, 

Set L to the numeric-input-conversion of the list of characters that matched line-number 
in deletion-request. 

If L is not a positive-number, Signal definition-error. 
If L is greater-than definition-line-limit, Signal Iimit-error. 
Set current-line-number to L. 
Delete from C the row associated with L, if it exists. 
Delete from S and T the item associated with L, if it exists. 

When display-request is threaded, display function-display of C. 

When function-line is threaded, if function-line does not match permitted-blanks, 

If 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. 

Set the row of C associated with current-line-number to the list of characters that 
matched function-line. 

If current-line-number is not an integer, or is greater-than current-last-line-number, set 
the items of S and T associated with current-line-number to Zen,. 

Set current-line-number to next-definition-line of current-line-number. 

When end-definition is matched, 

If C is not a proper-defined-function, Signal definition-error. 
If identifiers are duplicated in the locai-name-list of C, Signal definition-error. 
Set the curtent-referent of N to a defined-function for which 

Canonical-Representation is C. 
Stop-Vector is S. 
Trace-Vector is T. 

Return command-complete. 
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13.5.3 Diagrems 

In these diagrams, 

b Stands for permitted-blanks. 
r Stands for required-blanks. 

Opening-Request 

x---- b - del 

-llz 

creation-request 

Change-request -=L 

Creation-Request 

>>- header-line ->> 

Change-Request 

>>- b- subject - b - initial ->> 
-function -request 

Initial-Request 

>>- ‘b:a,,,,~~y any -:-IT” 

General-Request 

-<- positioning -< 
-request 

>>- b > b > 1 ' 

function l 

-1ine 

> 

->- deletion-request 

->- display-request ? 

end >> 
-definition 

Positioning-Request 

>>- left - b - line right ->> 
obracket -number -bracket 
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Deletion-Request 

>>- left - b - delta - b - line right ->> 
-bracket -number -bracket 

Display-Request 

>>- left - b - quad - b - right->> 
-bracket -bracket 

Function-Line 

>>- body-line ->> 

End-Definition 

>>- b - del - b ->> 

Line-Number 

>>- decimal-rational - b ->> 

Subject-Function 

>>- simple-identifier ->> 

Delta 

‘>> n 
l- >> 

Left-Bracket 
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14 SHARED VARIABLES 

14.1 INFORMAL INTRODUCTION 

This section gives an informal intt’Qduction to the Shared-Variable-Protocol. The evaiuation sequences 
which follow this introduction determine the required behaviour of shared-variables exactly. 

The Shared-Variable-Protocol is an optionalfacility. 

The Sha&Variab/e-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 progfam, written in any 
progfamming language, that typzally provides access to facilities in the underlying opefating System, such as file Systems. 

A shared-variable tan be shared by precisely two Partners, each either a session or an auxiliary processor. 
Codiwming-programs that use the SharecWariable-Protod should document this fact, since the ShamWaNableProtmd is not 
a de/lned-facility of. this Standard. 

Operations 

There are conceptually four operations invoived in the Shared-Variable-Protocd: o&r, retract, Set, and reference. 

Sharing 

OfWr is an Operation provided to permit Sessions to share shared-variables. A given shared-variable tan be shared between at 
most two Sessions. Once a sharedcvariable has been shared, assignments made to it in one Session are visible in the other 
Session. 

In the evaluation sequences for the Shard-VariablePmtocol, sharing is accomplished by appending tokens of class 
shared-variable to the shamWariablelist which-tan be accessed by all activ~workspaces in the system. 

Any Sharedr-Variable-Pro-1 Operation may Cause a Session to be delayed while another Session changes a shared-variable 
or adds an item to the shared-variable-/ist 

Sharing begins when one Session oflefs to share a symbd whose current-class is nil or variable. The systetn adds a new 
shared-variable to the shamcWariab/e/ist and returns the shared-variable to the offefing Session. The shared=variable then 
replaces the current-Werent of the offered symbol. 

There are two foims of offers. A specifiwH?kr identifies a pafticular Session as the Partner; the general-ot?@r does not 

Two offers match if both Sessions use the same shared-name and: 

At least one of the offers is a specifioofkr. 
Either specHIc-oikr identifies the other sesSiOn. 

Consequently, two genera/+#Ws do not match. 

Once both Sessions have shared the sharecf-variable, the shared-variable is the current-referent of a symbol in bot?? 
active-workspaces, and a Change made to the shativariable by one Session will be visible to the other Session. 

Note that two Sessions tan share more fhan one shared-variable, that a given Session tan share shativariables with more 
that one other Session, and that each shared-variable tan be shared by On& tW0 Sessions. 

Retracüng 

Two Sessions, coupled by a shamd-variable, decouple when either retracts the shared-variable. This leaves the sharM-variable 
in the same state it would have been had the remaming Session made a Specifiooffer to the Session that retracted. If the 
remainrng Session retracts, the shard-variable becomes inaccessible to the Sessions. 

fkgree of Cwpling 

All Symbols rn the symbo/-table of an active-workspace have a degree of coupling. This is rero if the current-re%rent is not a 
shared-variable, one rf the urrent-Tarent IS a shared-variable that IS offered to another Session, and two if current-rekmnt is 
a shared-varrable shared with another Session. 

Naming 

For any sessron, there arc two jdentifiers’associated with a given sharet+variab/e. The first is the name of the Symbol whose 
current-re&rent ;S the share&varrable; the second is the shared-name of the shared-variable. The shared-name IS the name 
used rn matchrng offefs to share. 

Oniy the nam of the sym&/ is required fOr invoking any of the ShamWatiablePmttxW System functions other than Shared- 
Variable offer. 
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Setfing, Reti3rencing, and Using 

Esch Partner tan set and reference the sharH-variable. 

A share&variab/e is set when the Operation sharecWariab/~assignment or sham&variab/t^incfexe&assignment is caIled= A 
shanxf-variable is tirenced when the Operation sha&variab/ereferem IS called. A sharecWariab/e is used when it is either 
Set or referenced. 80th indexed assignment and indexed reference of shared-variables afe possible. 

Synchronisation 

Synchronisation of sessions sharing a shared-variable is achieved by access contml. With each share+var/able is associated 
an access-contml-vector, which is designated here as the ACV. The ACV is a four element Boolean vector that is accessible 
to a Session through ttre Shan?&Variab/e-Acoess-Contml-/nquity Operation. 

. 
The Order of the elements in the ACV is relative to the viewing Session, When Session A, sharing a shareb-variable with 
Session 8, views the ACV, its e/ements have the fol/owing meanings: 

If ACV [‘i] is one, once A has set the share&variab/e B must use it before A tan set it again. 

/f ACV [ 21 is one, once B has set the shareb-variable A must use it before B tan set it again. 

If ACV [ 3 1 is one, once A has used the shared-variable 8 must set it before A tan reference it again. 

If ACV [ 4) is one, once B has used the sharecl-variable A must set it before B tan reference it again. 

If a Session attempts to use a share&variab/e when not permitted to by the above rules, it is delayed until the Partner has 
performed the required intermediate Operation. 

The rules tan be summarised in a three-state sbte diagram. Let A be the Session that made the initial offer. Then the states 
are as follows: 

Sbte 0: The shared-variable has been rekrenced by the Partner of the Session that last set it. 

State 1: The shared-variable was last set by A and has not been reWe??c& by B since then. 
I 

State 2: The shared-variable was /ast set by 8 and has not been rekre?%x!d by A since then. 

State 0 is the state entered when the shamd-variable is initially offered. Note that only an explicit assignment is considered a 
set to the shared-variable. The act of transferrrng the current-content of a Symbol to the shamd-value of a shared-variable 
when an ofTer is made is not a Set. The state is not affected by retraction and re-sharing. Figure 2 summarises the state 
transitions permitted. In the figure, the action is always permitted if there is a -t in the row corfesponding to the input sbte. 
The column in which the + appears determines the output state. A digit in the fow indicates that the corresponding element in 

the ACV as seen by A must be Zero. 

Tor examp/e, if the state of a shared-variable is 0 and the ACV is 0 0 1 0, Session A tan assign a new value to the 
variable (SET by A), but must wait until the variable is in sbte 2 to refer to it (REF by A). 

Note that all digits /ie along the diagonal in these matrices, indicating that onIy actions that do not Change the state tan be 
blocked by the ACV. That is, the ACV tan prevent only a given Session from referencing or setting a shared-variable twice in 
a row. 

next state: 

cur- 0 . . . 
rent 1 0-m 
state 2 . . . 

action 
attempted: 

0 12 
. l . 

. . b 

. + . 

. 1 0 

. + 0 

set set ref 
by by by 
a b a 

0 12 0 1 2 
. 0 l 
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. . + 

. l + 

l . 2 

. . 

3 . . 
l 3 . 
+ . . 

0 12 
l . . 

. . . 

4 l . 

+ . l 

l l 4 
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Figure 2 - Shared Variable Access Rules 

APL Standard 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (El 

Other Rules 

Retmdion of all the sharet&variables in a Session takes pke When a new workspace is loaded, the activ~workspace is 
cleared, or the Session en&, A shared-variable is automatically retracted when the shartx+variable is erased, expunged, of 
replaced by a ) COPY command, or, if it is local, when the function to which it is local terminates execution. The sbte of 
sharing is no% saved in a library workspace. 

The shared variable mechanism must appear 
shareaClvariab/e. Specifically, this means: 

to the user to be consistent with one in which there exists a Single coPY of each 

When a sham&variable is a’nitially offered, its value, if any, becomes the shared-value of the shared-variable. 

When an offered shamf-variable is matched, 
walue (if any) in the matchef s workspace. 

it retains its value if it has one, if it does not have a value, it takes on the 

When a shared-vatiable 
retfaction. 

is retracted, its value in the retractof s wofkspace is the value last set by either Partner before 

Note that, since there is conceptually a Single 
the value of a sha&variable avaiiable. 

coPY across a period of sharing, no use is implied in the above rules fOP making 

It must appear to the APL user that Sessions communicating via shared-variables are independentiy scheduied. Any 
Synchronisation between the Sessions must appear to be by means of the delays caused by accessing sha&variables. The 
procedures used to describe the Shamd-VariablePmiocoi are written as though Synchronisation conflicts do not occuf when 
two Sessions are aceessing the shared-variablelist or the Same share&variabte. 

A Limit-errw may occur during the retraction of an active shamd-variable if there is not enough room in a workspace for the 

share&value of the shared-variable. When 
delocalisation), a limit-emw is not signalled. 

the expected System action is to ignore the variable (as in the case of > CLEAR or 
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14.2 DEFINITIONS 

Identifier-Pair-Array: A Character array 
character-diagram identifier-pair-row. 

of ranktwo in which each row matches the 

14.3 DIAGRAMS 

In the following, b Stands for blank. 

Identifier-Pair-Row 

- identifier-row -> 

> 7 >> 

-<- b -<- 

14.4 OPERATIONS 

14.4.1 Ptimary-Name 

PrimarylName in A: For A, 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 A: For A, 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. 
0 therwise, using th e current-referent of N, the sum of 

14.4.4 Access-Control-Vector 

Session-A-active and Session-B-active. 

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 dCW3 stand for Session-B-ACV. 
If this-Session is Session-A, return ACVAvACVB. 
If this-Session is Session-B, return (ACVAvACVB > [ 2 1 Q 3 1. 

186 APL Standard, 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (El 

l14.4.5 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-ACV is 0 0 0 0. 
Session-B is P. 
Session-B-active is Zero. 
Session-B-ACV is 0 0 0 0. 
shared-value 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 to zem. 
If Session-B is this-Session, set Session-B-active to Zero. 

14.4.7 Shared-Variable-Reset 

Shared-Variable-Reset 

For each item in the shared-variable-list, 

If Session-A is this-Session, set session=A-active to zem. 
If Session-B is this-Session, set Session-B-active to zem. 

For each Symbol N of the symbol-table of the active-workspace, 

For each token 2’ in the referent-list of N, 

If T is a shared-variable, set 2’ to a token whose class is nil. 

Note: In the model, a shared-variable is never reused. It is effectively discarded once Session-A-active and sessiom-B-active 
are both zerD. 
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14.5 SHARED VARIABLE FORMS 

14.51 Shared Variable Reference 

Z + SHV 

Informal Description: Return the value of a shared variable. 

Evaluation Sequence: 

Using the current-content of SHV, 

Let A CV stand for access-control-vector. 
Wait untit at least one of th-e following is true: 

ACVC31 is Zero. 
State is two and session-A is this-Session. 
State is one and session-6 is this-Session. 

If either of the following is true, set State to zem: 

Stak is two and session-A is this-Session. 
State is one and Session-B is this-Session. 

Return Shared-Value. 

Note: This Operation is all that is requirecl for shared-variable-indexe&re&m?ce, since the phraseevaluator calls indexed 
re&rem=e with a value, not a name. 

14.5.2 Shared Variable Assignment 

Informal Description: 2 is B. As a side effect, the value B is assigned to the shared variable SW. 

Evaluation Sequence: 

Using the current-content of SW, 

Let AW stand for access-control-vector. 
Wait until at least one of the following is true: 

ACVCll is zem. 
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. 
lf 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. 
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145.3 Shared Variable Indexed Assignment 

2 f SHV[I] +- B 

Informal Description: 2 is B. As a side effect, elements of the array SMV 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 ACV stand for access-control-vector. 
Wait until at least one of the following is true: 

ACV Cl 1 is zeru. 
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 2 + V[Il + B. 
Call the corresponding evaluation sequence, passing C as the value of V. 
Set 2 to the token it returns. 
ff 2 is an exception, return 2. 
Otherwise, 

Set shared-value to C. 
If session=A is this-Session, set state to one. 
If session-B is this-Session, set state to two. 
Return 2. 

Note= lndexed assignment of a shared variable constitutes a set, not a retWence, of the share&variable. 
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14.6 SHARED VARIABLE SYSTEM FUNCTIONS 

14.6.1 Shared Variable Access Control Inquiry 

Z + USVC B 

Informal Description: Esch row of 2 is the access-control-vector of the shared variable named by the 
corresponding row of B. 

Evaluation Sequence: 

16 the rank of B is greater-than two, Signal rank-error. 
Set Bl to (-2+1 1,PB)pB. 
If any item of the ravel-list of Bl is not a Character, Signal domain-error. 

Set 2 to ((l+pBl)&pO. 

For every 1 in t 1+ p Bl, evaluated with index-origin set to one, 

Let B2 stand for Fow 1 of Bl. 
If B 2 matches identifier-row, 

Set N to the simple-identifier in B2. 
If the current-class of N is shared-variable, 

Set row I of 2 to access-control-vector of the current-referent of N. 

Otherwise, Signal domain-error. 

Return ((-l+pB)&)pZ. 
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14.6.2 Shared Variable Query 

Informal Qescription: 2 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-identification-type is Character, and B is the general-offer, 

Set 2300 Op’ ‘- 
Using each item of the shared-variable-list, 

If 

Session-A is this-Session and 
Session-A-active is zem and 
Session-B-active is one,. 

Set S to session=B 
Set Zto ((pZ)rO,pS),Cll((-l+pZ)rpS)+S,evaluatedwith 

index-origin set to one. 

If 

session=A-active is one and 
Session-B is this-Session and 
session-B-active is Zero, 

Set S to session-6 
Set Zto ((pZ)rO,pS),Cll((-l~pZ)rpS)~S,evaluatedwith 

index-origin set to one. 

Return 2. 

If session-identification-type is numeric, and B is Zero, Signal domain-error. 
If session-identification-type is numeric, and B is t 0, 

Set 2 to IO. 
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-active is one 

append Session-B as a new last element to the vector 2. 
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 2. 

Return uzlz>=lpzvz. 

Otherwise, 
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If B is not a Session-identification, Signal domain-error. 
If B is this-Session, Signal 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 
session=B-active is one 

append shared-name as a new last row to the identifier-array 2. 

If all of the following are true, 

Session-A is B 
Session-A-active is one 
Session-8 is this-Session 
Session-B-active is zero 

append shared-name as a new last row to the identifier-array 2. 

Return 2. 

14.6.3 Shared Variable Degree of Coupling 

Informal Description: 2 is a numeric vector in which each element is the degree of coupling of the 
Symbol named by the corresponding row of B. 

Evaluation Sequence: 

If the rank of B is greater-than two, Signal rank-error. 
Set El to (-2+1 1,pB)pB. 
lf any item of the ravel-list of Bl is not a Character, Signal domain-errot. 
Set 2 to (l+pBl >po. 

Forevery I in ~l+pBl, 

Let B2 stand for row I of Bl. 
If EI 2 matches identifier-row, 

Set N to the primary-name in B2. 
Set item 1 of the ravel-list of 2 to degree-of-coupling of the symbol-named-by 

Otherwise, Signal domain-error. 

Return 2. 

Note: Deg~of-coupling is a property of symbols, not shared-variables. 

N . 
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14.6.4 Shared Variable Offer 

Z + A CISVO E 

Informal Description: 2 is a numeric vector representing the degree-of-coupling of the identifiers in 
the rows of the identifiermpair-array B after the Operation. As a side effect, dyadic CISVO shares 
variables with another Session. E 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 Sequence: 

If the rank of E is greater-than two, Signal rank-error. 
. If any item of the ravel-list of E is not a Character, Signal domain-error. 

If A is not a valid session-identification, Signal domain-error. 
If this-Session is A, Signal domain-error. 
Set Bl to (-2+1 1,pE)pE. 
Forevery I in 11+pBl, 

Let B2 stand for row 1 of El. 
If B2 does not match identifier-pair-row, Signal domain-error. 
Otherwise, 

Set N to the primary-name in E2. 
Set S to the Surrogate-name in B 2. 
If the current-class of N is neither shared-variable, variable nor nil, Signal domain-error. 
If the current-class of N is variable or nil, 

Set V to the current-referent of N. 
Set Y to offer S to A with value V. 
Set the current-referent of N to Y. 

Return CISVO E. 

Note: This Operation does not allow for multiple session-identifications. 
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14.6.5 Shared Variable Retraction 

Informal Description: Elements of 2 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 efkct, CISVR 
retracts any shared-variables named in B. 

Evaluation Sequence: 

If the rank of B is greater-than two, Signal rank-error. 
Set El to (-2+1 1,pB)pB. 
Set Z to CISVO El. 
lf 2 is an ersor, return 2. 
Forevery I in ~l+pBl, 

Let B2 stand for row 1 of El. 
If B 2 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. 
Set the current-referent of N to shared-value of SV. 
Retract SV. 

Otherwise, Signal domain-error. 
Return 2. 

14. Shared Variables 195 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (E) 

14.66 Shared Variable Access Control Set 

Z + A CISVC B 

Informal Description: 2 is the access-control-vector of each of the shared variables represented by 
the identifier-array B when OSVC completes. As a side effect, CISVC sets to A the contribution 
this Session makes to the combined access control vector of the shared variables. 

Evaluation Sequence: 

If the rank of B is greater-than two, Signal rank-error. 
-Set El to (-2+1 1,pB)pB. 

If the rank of A is greater-than two, Signal rank-error. 
If the first item of (-1 +4 , pA ) is not four, Signal length-error. 
If Aisascalaroravector,setAlto ((l+pB1),4)pA. 
Otherwise, set Al to A, 
ff l+pAl is not the Same as l+pBl, Signal length-error. 
If any item of the ravel-list of El is not a Character, Signal domain-error. 
If any item of the ravel-list of Al is not a near-Boolean, Signal domain-error. 
Set A 2 to the Boolean-array-nearest-to Al. 
For every I in 11+pBl, 

Let B2 stand for row 4 of El. 
If B 2 matches identifier-row, 

Set N to the simple-identifier in B2. 
If the current-class of N is shared-variable, 

Let ACV stand for IY)W I of A2. 
Using the current-content of N, 

lf Session-A is this-Session, set Session-A-ACV to ACV. 
If Session-B is this-Session, set Session-B-ACV to ACV C 2 1 4 3 1. 

Otherwise, Signal domain-error. 

Return OSVC B. 
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15 FORMATTING AND NUMERIC CONVERSION 

15.1 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 tan be specified explicitly through the use of dyadic 
Format, or left to be Chosen by the System. Contbrrning-pmrams that depend upon a particulaf selection of fofmatting 
Parameters should employ dyadic forrnat 

15.2 NUlVlERIC CONVERSION 

Note: Conversion involves the transformation of Osts of characters to and ffom numbers. 
implemenb tio.~algoriihms numerbinput-conversion and numeriooutput-conversion. 

This conversion is performed by the 

The accuracy 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 any numeric scalar X, when print-precision is set to full-print-precision, X shall be the Same 
as Qm;X. 
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152.1 Numeriolnput-Conversion 

Numeric4nputConversion 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 C be respectively the most negative and the most positive abstract numeric values 
represented by all numeric-scalar-literals producible by numeric-output-conversion for all 
numbers and all valid values of print-precision . 

Let 27 be the set of all Iists of characters that match the diagram numeric-scalar-literal 
abstract numeric values lying in the closed interval between L and 6. 

and have 

If C is not an element of T, Signal limit-error. 

Otherwise, 

Let c stand for the abstract numeric value of C. 

If c is the Same as some number N, return N. 

If c is greater than positive-number-Iimit, return positive-number-limit. 

If c is less-than negative-number-limit, return negative-number-Iimit. 

Otherwise, c lies between two numbers. 
satisfy the follow ing property: 

Return one that permits numeric-input-conversion to 

For any two numeric-scalar-literals Cl and C2, if the abstract numeric value of Cl is less 
than the abstract numeric value of C2, then numeric-input-conversion of Cl is not 
greater-than numeric-input-conversion of C2. 

Examples: 

1-1.000000000000000000000000000000000001 
0 

PO.999999999999999999999999999999999999 
0 

0.00000000000000000001E20 
1 

OE999 
0 

lE-9999 = 0 
1 

2.5E+25000 
0 

Note: In many programming languages, the syntactic form of a literal rs used to determine the datatype of the corresponding 
number. Thrs is not so rn APL. Therefore, it is important that the input conversron routine not make disttnctions between 

different forms of the same abstract numerrc va/ue. 2 . 5 Eq should produce the same numtw as 2 5 0 0 0 does and 0 0 2 
should produce the same number as 2 does. 

Every number tan be obbined by converting some numerbscakw-Meral. 

The set T in the evaluatron sequence above may include members wrth abstract numeric values less than 
??e9atiVWUmber-/imit or greater than positivwwmber-lr‘mit, due to rounding by numerioou@ut-conversion. 

There is no numtaer N for woich the expression Q s N Signals a Omi&errw. 
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152.2 Numeric-Output-Conversion 

E NumericmOutput-Conversion of N. 
E Numeric-Output-Conversion of N 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 N and P numbers, numeric output conversion returns a 
numeric-scalar-literal that matches E and represents the abstract numeric value of N either to P 
decimal places, if P is specified, or else to print-precision places. - 

Evaluation Sequence: L . 

lf E is minimal-decimal-exponential, 

Return a list of characters whose abstract numeric value is a good approximation of N. 

No& The choice of approximation is implemenbtion-Wned, but tan be characterised as foIlows: 

Let DS be the set whose members D are lists of characters that match minimaWecima~-exponentiai and 
have at most print-precision digits to the left of the exponent-marker. 

Let DT be the subset of DS for which 1 N-QD is minimal. 

Let DM be the subset of DT whose members have the fewest digits. 

Choose the member of DM whose abstract numeric value has the largest magnitude. 

lf E is fixed-decimal, 

Let DF be the set whose members are lists of characters that match fixed-decimal and have 
P digits to the right of the units digit. 

Return a member D of DF for which 1 N-QD is minimal. 

If 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 1 N-QD is minimal. 
Let W stand for exponent-field-width. 
Return (W+Dt'E')+D. 

tote: When P is not specified, E is always minimal-decimal-expnential. 

Fixe&decima/ and ckchakx~nential cases are used only by dyadic formst They are permitted, but not required, to return 
results of arbitrarily high precision. They should, however, return accurate results if no more than full-print-precision significant 
digits are requested. 

15.3 DIAGRAM 

Note: The following character-diagrams characterrse 
lis ts of characters tha t match numerioscalar-litera/. 

the outputs of both monadic dyadic format as subsets of the set of 
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Zero-Digit 

>>> 
0 

L- >> 

INonxero-Digit 

123456789 

> 

Sign 

>>r, - overbar -> 1 
l- > >->> 

Decimal-Integer 

>- Zero-digit > 

>- sign ->- nonzero -> 

71 

> > 

l- 

> >> 
-digit 

<- digit -< 

Exampies: 

-44 0 622 1066 1215 1415 1685 1750 1776 1812 1867 1944 

In the following diagrams, 
b Stands for blank. 
d Stands for digit. 
e Stands for exponent-marker. 
i Stands for decimal-integer. 
m Stands for overbar. 
n Stands for nonzero-digit. 
p Stands for dot. 
s Stands for sign. 
+ Stands for Zero-digit. 
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DecimabRational 

m- Z- 

’ 11:_ d _:7- ’ ” 

Examples: 

98.6 212 -2.001 -0.00000000001 

Decimal-Rational-Row 

Minimal-Decimal-Exponential 

>> > 

-L 

z-e-z 

S > 

-L 

> 

n - p -C:_ d _:J’ IL n ,- e - i 1 >> 

Examples: 

-1,234567E-890 1El -1,llllEl lE-11111 OEO 
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Decimai-Exponential 

>> s-n 

Z 

> -L > 
1 

pTLI> - 
> 

-L 
> 
1 

p~LyT - 

e 

e 

i 

Z 

Exampies: 

-1.23456700OOOE-890 0.00000000EO -l.OOOOE-10 

Decimai-Exponentiai-Row 

Fixed-Decimai 

>>- 

>> 

A 

Z P ‘[ 1 i-;- 

-s-n 

-<- d -<- 

-s-z-p 

L, n i,_,_,i>- 

Exampies: 

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 

informal Descriptiono 2 is a Character array. If B is a Character array, then 2 is B. if B is a 
. numeric array, then 2 is a Character array arranged so that each row of 2 is a decimal 

representation of the corresponding row of B. The output form Chosen for a column of B is 
determined by print-precision and the values of elements in that column. Uses print-precision . 

Evaluation Sequence: 

lf print-precision i s nii, Signal impii cit-error. 
If the type of B is Character, return B . 

If B is empty, return an array 20 such that the type of 20 is Character, the shape-iist of 20 is 
the shape-iist of B, and the ravei-iist of 20 is the empty-iist. 

If the rank of B is iess-than two, 
return ,sc-2+1 1,pB)pB. 

If the last item of the shape-iist of B is not one, 
return (m;( (-l+pB),l)+B), * T ,m( (-ppB)+l)+B. 

Otherwise, choose CI, E, and W, and return an array 2 for which the type of 2 is Character, the 
shape-iist of 2 is (Tl + pB > ,W, and one of the following Statements is true: 

Every row of 2 is the decimai-exponentiai-row equivalent of the minimal-decimai-exponentiai 
numeric-output-conversion of the corresponding row of B, and has its exponent-marker at 
Position E and its first digit at Position U. 

Every row of 2 is the decimai-rational-row equivalent of the minimal-decimai-exponentiai 
numeric-outpubconversion of the corresponding row of B, and has its units digit at Position 
u . 
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Note: The quantities h( u 
impractical. However, the 

and E and the choice of formatting form are not sbndardised here, since this 
following algorithm is recommended for all future implernentations of APL 

is curfentiy 

if aw of the following conditions holds for any element X of B 

X is greater-than posiüv~counüng-number-limit. 

X is less-than negative-counting-number-Iimit. 

The decimal-rational equivalent of the minimal-Mmal-expnential numeriooutput-conversion of X wouid have 
more than print-pWsion significant digits to the Reff of the decimal point 

The dkcimal-rational equivaient of the minimaldecimal-exponential numeriowtput-conversion of X would have 
more than five zefo digits to the right of the decimal Point and to the left of the first nonzefo digit. 

then select ddmakxponential ferm. 

0 therwise, select d&mai-rational form. 

If dedmal-expnential form is selected, 

Let S be one if any eiement of B is a negative-number. 

Let M be the maximum number of characters to the letl of the exponent-marker in the minimal-decimal-exponentja/ 

numericloutput-conversion of any eiement of B. 
Let N be the maximum number of characiers to the right of the exponent-marker in the minimal--mal-exponential 

numeric-output-conversion of any element of B. 
Set V to S+l. 
Set E toM+l. 
Set W toM+l+N. 

if dedmal-rational form is seiected, 

Let M be the maximum number of characters to the left of the units Position in the decimal-rational equivalent of 

the minimak#ecimakxponentia/ numerickutput-conversion of any number in B. 
Let N be the maximum number of characters to the right of the units Position in the decimal-rational equivalent of the 

minimal-decima/-exponenüal numerioou@ut-conversjon of any number in B. 
Set V to M+l. 
Set W to M+l+N. 

204 APL Standard 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (El 

Examples: 

'/',(m 5 -6 7 8 9 100.+151,'1' 
1 5 2.5 1.666666667 1.25 1 1 
I-6 -3 -2 -1.5 -1.21 
1 7 3.5 2.333333333 1.75 1.41 
18 4 2.666666667 2 le61 
I 9 4.5 3 2.25 1.81 
110 5 3.333333333 2.5 2 1 

Dto.7 0.8 0.9, 7 8 9slO 
e D 

0.7 0.8 0.9 0.7 0.8 0.9 
D-Q@ D 

0 0 0 0 -1,387778781E-17 0 

clPP+999 
G D 

0.7 0.8 0.9 0.7 0.79999999999999999 0.9 
D-am; D 

000000 

clPP+4 
M+O.78901x(10*~6)o. xl lE-10 lE-6 0.01 0.1 
@M 

7.89EO 7,89E-10 0.00000789 0.0789 7,89E-1 
7.89El 7,89E-9 0.0000789 0.789 7.89EO 
7.89E2 7,89E-8 0.000789 7.89 7.89El 
7.89E3 7,89E-7 OeOO789 78.9 7.89E2 
7.89E4 7,89E-6 0.0789 789 7.89E3 
7.89E5 7,89E-5 0.789 7890 7.89E4 

7,89 7,89E-10 0.00000789 0.0789 0.789 
e 1 5pM 

7.89 7,89E-10 0.00000789 0.0789 0,789 

Note: When print-precision has a value in its internal-valuwet greater than or equal to flrll-print-precision, the result produced 

for N is unique and is unaffected by increases in the value of print-precision l At such settings of print-precision , N is me same 

as Q@N for any nurneric sca/ar N. 
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154.2 Dyadic Format 

informal Description: 2 is a Character array representing the numbers in B formatted according to 
the specifications in A. 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 
Character result - for the formatted numeric values. 

- the number of columns in the 

If A has only two elements then all elements of B are formatted according to A. 

A non-negative second integer indicates that the field is to have fixed-decimal form and gives the 
number of digits to the right of the decimal Point, with Zero indicating no decimal places and no 
decimai Point. A negative second integer indicates that the field is to have decimal exponential 
form; the absolute value specifies the number of digits in the mantissa. 

Evaluation Sequence: 

If the rank of A is greater-than one, Signal rank-error. 
If p,A isnot 2~.l+l,pB 

If pdistwo~eturn ((2~~l+pB)pA)sB. 
Othenrvise, Signal length-error. 

If any item of the ravel-list of d is not a near-integer, Signal domain-error. 
If any item of the ravel-list of B is not a number, Signal domain-error. 
Set A 1 to the integer-array-nearest-to d. 
If B is empty, 

Set wto+/((pdl)pl O)/Al. 
Return ((-l+pm,W)p t ‘. 

lf pAl isnottworeturn ((2+dl)~(('l+pB),l>+E),(2+dl)~((-pp~)+~)+~. 
If B is not a scalar, 

If Al C 11 is not a positive-integer, Signal domain-error. 
Return a Character array Z such that the shape-list of 2 is (-1 + p B ) ,Al [ l] and the 

ravel-list of 2 has the property that each vector-item along-axis 
where EO is the corresponding (scalar) item of (-1 +pB )pB. 

ppZof 2 isdl @ BO, 

If B is a scalar, 

If d 1 [ 23 is not less-than Zero, set R to the 
fixed-decimal numeric-output-conversion of B to d 1 C 2 1 places. 

Otherwise, set 
places. 

R to the decimal-exponential numeric-output-conversion of B to 1 d 1 [ 2 ] 

If Al [ 11 is less-than pl?, Signal domain-errw. 
Otherwise, return (-dl[ll)+R. 
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Examples: 

In the following examples, exponent-field-width is 3. 

D + -1 -0.1 0 0.1 1 0.x 5po.5 
'1',(9 -3 7 -1 6 3 5 13 0 (15 D),'I' 

I-5.00E-1 -5E-1 -0.500 -0.5 -11 
i-5.OOE-2 -5E-2 -0,050 -0.1 01 
1 0,OOEO OEO 0.000 0.0 01 
( 5.00E-2 5E-2 0.050 oea 01 
1 5.00E-1 5E-1 0.500 03 11 

p 1 0 2 0 4 0 8 Os0 4~1 
0 15 

31 0 @ 2*100 
1267650600228229401496703205376 

31 20 a) .07 
0.07000000000000000666 

- 4 1 B T.99 .89 0 7.5 11.5 
-1eo-0.9 0.0 7.511.5 

Note: Like other axis lengths, the field width d [ 11 is limited only by imfex-Limit 
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16 INPUT AND OUTPUT 

16.1 INTRODUCTION 

Note: A user interacts with an APL syste m through a session, 
carrying out the evaiuation sequences in this Standard. 

an abstraction represents a hypothetical machine capable of 

The protocol for the use of a Session takes the form of a dialogue: the user makes an entry and 
System. The System processes the entry, produces a response, and returns control to the User. 

Passes controi to the APL 

The user makes entries on a keyboard, and obtains responses by seeing them presented on a display-device. The combination 
of a keyboard and a display-device is intended to represent, abstractly, a terminal. This Standard does not require the use of 
any particular terminal, keyboard, display or method of encoding characters. The ISO 2022.2 APL Character encoding 
reproduced in Appendix A is widely used. 

The display-device is considered a window into a prwenbtion-space, an unbounded sequence of past 
The mapping between the presenfation-space and the display-device is not speeified by this Standard. 

en tries and responses. 

The System obtains entries as tokens of class ccmstant or interrupt by calling the Session Operation read-keyboard. It presents 
responses by caliing the Session Operation dispiay with a Wken of class result. The transformations from entry to token and 
from token to response are not specified by this Standard, but certain desirable characteristics sf these transformations are 
given as comments. 

Because the dialogue protocol described here alternstes between user and System, the Session is always in one of two logical 
keyboatisbtes, open-keyboartl or locked-keybuard, depending upon whether the User is making an entry or the System is 
producing a response. The user tan request a Change in keyboard-sb&?. from locked-keyboard to open-keyboard by using the 
signal-attmtion facility. In addition, the User tan forte a Change in keyfmard-sbte by signalling interrupt 

16.2 DEFINITIONS 

16.2.1 User Facilities 

A user should have the following facilities. 

Edit-Actions: A collection of implementation-defined facilities that permit the user to make entries. 

Note: Typical edit-actions include 1 inserting, deleting, replacing and superimposing graphic 
entry and combrning display-lines from the presentation-space with the Gurreßt entry. 

Symbols within the current 

Enter: A facility, available to the user when the terminal is in open-keyboard state, for changing 
the keyboard-state to Iocked-keyboard and returning to the caller of read-keyboard either an 
interrupt or a Character vector. Enter sets the value of the Session attribute attention-flag to 
Zero. 

Signal-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 tan be issued in open-keyboard sbte and in locke+keyboard state, although the particular means of 

invoking the Operation may be different for the two states. Transmitting the superimposition of the graphics for 0 u and 

T is a typical means of signaI/ing intwrupt in open-keyboard state. 
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16.22 Implementation Algorithms 

Read-Keyboard: An Operation, available to the System when the Session is in Iocked-keyboardl 
state, that returns either an interrupt token or a token of class constant and content a Character 
vector. 

NO@ Real-keybowd should display current-prompt, Wen 
to use edit-actions to enter a /ist of characters of to Signal 

Change the keyboard-sbte to 
an inierrupt. 

open-keyboard to permit the user 

A concept lang honoured in Aff. is that of visual fidelity: the graphic Symbols 
edit-actions should correspond exacUy 

that appear on the display 
to those returned to the System as the result of reabkeyboard. 

as the result of 

Display T: An Operation, available when the Session is in locked-keyboard state, for presenting 
the token T on the display-device. T is either a value or an error. 

Note: The following is a suggested, but not required, evaluation sequence for display T: 
If quo&+quatiprompt is not the empty character vector, 

Append to the ptesentaüon-space as a new last item a display-he whose graphic Symbols aepresent the 
characters in quo*quad-pumpt. 

Seb quote-quad-prompt to the empty character vector. 

If T is an ermr, append to the presentaüon-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 mxk is de#m&Wction, the fhction-name and current-line-number of fhe current-context 

If T is a value, 

Let A stand for the content of T. 
if A is numeric, display GA . 
0 therwise, 

If A is a scalar or vector, append to the presentation-space as a new last item a display-he whose graphic 

Symbols represent the characters in A. 
0 therwise, 

Set I to 2erO. 
Set M to ((x/-l+pA) ,-l+pA)pA. 
Repeat the fallowing 1+ p M times: 

Set I to I+l. 
Display row I of M. 
Append (-l+ppA)f+/~\O=~(-lJlpA)TIblankdis~/ay-/ineototheendofthe 

presentation-space. 

(End of repeated block) 

APL Standard, 
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16.2,3 Prompts 

Note: The following imp/emnbuon-defi& 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 
‘Cl:’ and whose second row is the indentoprompt. 

Function-Definition-Prompt: An implementation-defined Character array, typically a vector 
beginning with [nn] where nn is a line-number. 

16.3 DIAGRAMS 

System-Command-Line 

>> right-parenthesis -> 

-L- 

> 

<- 

Function-Definition=Line 

>> del 
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16.4 OPERATIONS ’ 

16.4.1 Immediate-Execution 

Immediate-Execution with X. 

Informal Description: Immediate-execution mode is the prima% 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 defined 
function to be suspended. In this case, immediate-execution displays a Status indication before 
prompting for input. 

Evaluation Sequence: 

Display X. 
Repeat: 

Set current-prompt to indent-prompt. 
Set IT to read-keyboard. 
If EY is a constant, 

Let Q stand for the content of E. 
If Q matches system-command-line, set T to evaluate-system-command Q. 
If Q matches function-definition-line, set T to evaluate-function-definition-request Q. 
Othennrise, 

Generate a new context in which 

mode is immediateexecution, 
current-line is Q, 
current-function is 0 0 p T * , 
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. 

If T is a branch, a clear-state-indicator, or an escape and the state-indicator of the 
active-workspace is not an empty-list, return T. 

If T is an error or a constant, display 27. 

(End of repeated block) 
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16.42 Quad Input 

Informal Description: 2 is an array provided by the user in response to a prompt. 

Evaluation Sequence: 

Repeat: 

Set current-prompt to quad-prompt. 
Set E to read-keyboard. 
If E is an interrupt, return E. 
Let Q stand for the content of E. 
If some element of Q is not blank, 

Generate a new context in which 

mode is quad-input, 
current-line is Q8 
current-function is 0 Op * T , 
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 2 to evaluate-line. 
Remove the first-item in the state-indicator. 
If 2 is escape, Signal unwind. 
If 2 is unwind or clear-state-indicator, return 2. 
ff 2 is a value, return a token with class constant and content that of 2. 
If 2 is an error, display 2. 
Otherwise, display value-error. (see note) 

(End of repeated block) 

Note: The display valueermr iine in the above evaluation sequence is introduced to permit certain consistent-extensions. In 
the evaluation sequence, errors are displayed rather than Signalied, since signalling would terminate the Repeat loop and forte 
Return. 

Quad-input returns on/y tokens of class escape and unwind (from +), dear-statWndicator (from )SIC ), amstant (from 

2 * . 5) and interrupt it reports an error and reprompts for all other results. Note that it reprompts without an error report if 
the input was empty or all blank. 

16. Input and Output 213 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 84

85
:19

89

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


ISO 8485 : 1989 (E) 

16.4.3 Quote Quad Input 

Informal Description: 2 is a Character vector. Input in response to 6a 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 Sequencec 

Set current-prompt to quote-quad-prompt. 
Set quote-quad-prompt to the empty Character vector. 
Set E to read-keyboard. 
Return E. 

No& The behaviour 
returned as a scalar. 

required here differs ffom that of some existing iystems, in which a Single Character response to 

16.4.4 Quad Output 

Informal Description: 2 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. 

Cl is 
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16.4.5 Quote Quad Output 

Informal Description: . Z is B, and quo&quad-prompt is set Po B. 

Evaluation Sequence: 

If any item of the ravel-list of B is not a Character, Signal domain-error. 
16 the rank of B is greater-than one, Signal rank-error. 
lf the count of B is greater-than quote-quad-output-limit, Signal Iimit-error. 
If quote-quad-prompt is not empty, Signal Iimit-error. 
Set quote-quad-prompt to B. 
Return a committed-value with content B. 

Example: 

V Z+PROMPT X 
CII m+=x+,@x 
rm z+(pÄ)ccl 

v 

PROMPT ' 1 CLEANSPACE DATE? q 
1 CLEANSPACE DATE? 1966-11-27 
1966-11-27 

Note: Quote-quad output is difficult to standardise because it is implemented in several different ways in existing Systems, and, 
in each System, is heavily used. There is, howevef, sufficient COmmOnality to permit the inClUSiOt? of this restficted form of 
quote-quad output. Quote-quad output on a conforming-impiementation should support the prompt function shown in the 
example. 
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17 SVS’TEIM COMMANDS 

17.1 INTRODUCTION 

Note: Any line of 
System command. 

input in whose first non-blank is a right parenthesis is considered to be a 

19.2 DEFINITIONS 

Global-Referent of 2’: For T a classified-name, the last-item in the referent-list of the 
symbol-named-by T. 

Global-Context: The last context in the state-indicator of the active-workspace. 

Library-Worbspace-Named A: For werkspace-identifier A, the item of the library whose owner is 
this-owner, and whose werkspace-name is A. 

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 
werkspace-identiiiers. Workspaces that have been dropped or that have never been saved are distinguished from those that 
have been saved by the Setting of their existenüaI-pmpem: the existential-pmperty of saved workspces is pmsent, while that 
of unsa’ved workspaces is absent. 

Attempt-to-Erase A: For A, a simple-identifier, an Operation defined as follows: 

If A is globally-erasable, 

If the current-class of A is shared-variable, retract A. 
Set A to nil. 
Return command-complete. 

Otherwise, Signal not-erased. 

Copy A from JJ: For simple-identifier A, and werkspace-identifier W, an Operation defined as 
foIlows: 

Let GA stand for the global-referent of A in the active-workspace. 
Let GB stand for the global-referent of A in the library-werkspace-named W. 
Set 2 to attempt-to-erase GA. 
If 2 is an exception, Signal not-copied. 
If GB is a shared-variable, set GA to the shared-value of GB. 
Otherwise, set GA to GE. 
Return command-complete. 
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17.3 DIAGRAMS 

Werkspace-ldentifiea 

>>- alphabetic -> > > >> 

<- alphabetic -< 

<- digit < 

Example: 

CLEANSPACE 

Aiphabetic 

>> 
4 

ABCDEFGHIJKLMhlOP()Rsrüvti%yg 
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17.4 OBERATIONS 

17.4.1 Evaluate-System-Command 

Evaluate-System-Command &. 

Note: The forms of System commands are not regular enough to permit much genefalisation. Therefore, the forms themselves 
are used as the key to the evaluation sequences. 

Evaluation Sequence: 

Find an entry that matches & in the system-command evaluation sequences. 
If no such entry is found, Signal incorrect-command. 
Otherwise, cal1 the corresponding evaluation sequence. 
Return the token it returns. 
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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 werkspace-identifier, and 
a Stands for simple-identifier. 

Clear Active Werkspace 

>>- ) -P- CLEAR - p ->> 

Call Shared-Variable-Reset. 
Set the active-workspace to the clear-workspace. 

. Set comparison-tolerante to initial-comparison-tolerante. 
Set index-origin to initial-index-origin. 
Set latent-expression to initial-latent-expression. 
Set print-precision to initial-print-precision. 
Set quote-quad-prompt to the empty Character vector. 
Set random-link to initial-random-link. 
Return command-complete. 

Copy Library Werkspace Object 

>>- 1 -P- COPY -r-w-r-a-p->> 

If the library-werkspace-named w does-not-exist, Signal not-found. 
If the global-referent of a in w is not a defined-function, niladic-defined-function, variable, or 

shared-variable, Signal incorrect-command. 
Set 2 to copy a from w. 
Return 2. 

Copy Library Werkspace 
. 

>>- > -P- COPY -r-w-p->> 

If the library-werkspace-named w does-not-exist, Signal not-found. 
For each Symbol S of the library-werkspace-named w 

Let A stand for the name of S. 
If the global-referent of A in w is a defined-function, niladic-defined-function, variable, or 

shared-variable, 

Set z 
If 2 is 

to copy A from w. 
an exception, return 2. 

Return command-complete. 
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