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tional bodies that are members of ISO or IEC participate in the development of Internati
ndards through technical committees established by the respective organization teydeal w
Fticular fields of technical activity. ISO and IEC technical committees collaborate. irf fields
tual interest. Other international organizations, governmental and non-governinental, in
son with ISO and IEC, also take part in the work. In the field of informatiéirtechnology,
1 IEC have established a joint technical committee, ISO/IEC JTC 1.

ernational Standards are drafted in accordance with the rules given\ the ISO/IEC
ectives, Part 2.

e main task of the joint technical committee is to prepare International Standards. Draft
ernational Standards adopted by the joint technical comumittee are circulated to national
ies for voting. Publication as an International Standard requires approval by at least 75
national bodies casting a vote.
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Lent rights.
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tware interfaces.
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Introduction

The programming language ISLISP is a member of the Lisp family.

Th

Th

e following factors influenced the establishment of design goals for ISLisp:

1. A desire of the international LIsP community to standardize on those feature$ of Lisp 1
which there is widespread agreement.

2. The existence of the incompatible dialects ComMmoON-Lisp, EULIsP, LE-LISP, and SCHEM
(mentioned in alphabetical order).

3. A desire to affirm Lisp as an industrial language.

is led to the following design goals for ISLisp:

1. ISLisp shall be compatible with existing Lisp dialects where feasible.
2. ISLisp shall have as a primary goal to proyide basic functionality.

3. ISLisp shall be object-oriented.

4. ISLisp shall be designed with extenstibility in mind.

5. ISLisp shall give priority to inidustrial needs over academic needs.

6. ISLisp shall promote efficient implementations and applications.

ipon

©
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INTERNATIONAL STANDARD ISO/IEC 13816:2007(E)

Information technology — Programming languages, their
environments and system software interfaces —
Programming language ISLISP

1| Scope

THis International Standard specifies syntax and semantics of the computer programming
laijguage ISLisP by specifying requirements for a conforming ISLIsP processor and a conformfing
ISL1sP text.

THis International Standard does not specify:

(h) the size or complexity of an ISLIsP text that exceedssthe-capacity of any specific data
processing system or the capacity of a particular pfogessor, nor the actions to be taker
when the corresponding limits are exceeded;

(p) the minimal requirements of a data processingsystem that is capable of supporting an|
implementation of a processor for ISLisp;

c) the method of preparation of an ISLis® text for execution and the method of activation of
this ISLisP text, prepared for execution;

(fl) the typographical presentation‘ef an ISLisP text published for human reading;

) extensions that might orlanight not be provided by the implementation.

2| Normative references

THe following) referenced documents are indispensable for the application of this document. For
dafed references, only the edition cited applies. For undated references, the latest edition of [the
referénced document (including any amendments) applies.

e ISO/IEC TR 10034:1990, Guidelines for the preparation of conformity clauses in
programming language standards

e [EEE standard 754-1985. Standard for binary floating point arithmetic

© ISO/IEC 2007 — All rights reserved 1
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3 Compliance of ISLiSP processors and text
An ISL1sP processor complying with the requirements of this International Standard shall:

(a) accept and implement all features of ISLis P specified in this International Standard;

(b) reject any text that contains any textual usage which this International Standard explicitly
defines to be a violation (see §9);

(¢) be accompanied by a document that provides the definitions of all implementation-defined
features;

(fl) be accompanied by a document that separately describes any features accepted by the
processor that are not specified in this International Standard; these extensions shall he
described as being “extensions to ISLIsP as specified by ISO/IEC 13816:2007(E).”

A pomplying ISLisP text shall not rely on implementation-dependent features. However, a
cofuplying ISLisP text may rely on implementation-defined features requiréd by this
Infernational Standard.

A pomplying ISLisP text shall not attempt to create a lexical variable binding for any named
copstant defined in this International Standard. It is a violation'if any such attempt is madg.

4| Terms and definitions

For the purposes of this document, the following terms and definitions apply.

4.1
aBbstract class
clgss that by definition has no direet instances

—
o

4.2
acgivation
computation of a function

No¢te: Every activdation has an activation point, an activation period, and an activation end. The
actfivator, whiéh’is a function application form prepared for execution, starts the activation at the
acflivation point.

4.

ackessor

association of a reader and a writer for a slot of an instance

4.4
argument position
occurrence of a text unit as an element in a form excluding the first one

2 © ISO/IEC 2007 — All rights reserved
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binding
concept that has both a syntactic and a semantic aspect, where

N

iddntifier occurrences.

No¢te 2: Semantically, the binding relation might be imagined to be materialized in some eéfitity, {
birjding. Such a binding entity is constructed at run time and destroyed later, or might"have indefin
exfent.

4.

cl

N

4.

copdition
object that represents a situation that has been (or«might be) detected by a running progra

4.

ddfinition point
tejtual point of an ISLisP text that is therstart of an identifier’s representation of an ISLisp
object

4.

direct instance
indtance of a class but not an-instance of one of its subclasses

Note: Every ISLISP Gbject is direct instance of exactly one class, which is called “its class”. The
all|direct instances together with their behavior constitute a class.

4.

dynamic
haying anéffect that is determined only through program execution and that cannot, in genl
be|determined statically

4.

s

objject that determines the structure and behavior of a set of other(objects called its instanc

(E)

e syntactically, “binding” describes the relation between an identifier and a binding ISLisp

form, and

e semantically, “binding” describes the relation between a variable, its denoting identifier,

and an object (or, the relation between a variable and a location)

ote 1T The properly [@) lielng bound can be checked textua Iy [)y Tela mg de ning and app. Ted

¢te: The behavior is the set of operations that can be performed.on an instance.

4

]

9

10

ite

LS

et of

eral,

11

dynamic variable
variable whose associated binding is determined by the most recently executed active block that

es

tablished it, rather than statically by a lexically apparent block according to the lexical

principle

4.

12

evaluation
computation of a form prepared for execution which results in a value and/or a side-effect

© ISO/IEC 2007 — All rights reserved
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4.13
execution
sequence of (sometimes nested) activations

4.14

extension

implementation-defined modification to the requirements of this International Standard that
does not invalidate any ISLISP text complying with this International Standard (except by
prohibiting the use of one or more particular spellings of identifiers), does not alter the set of
actions which are required to signal errors, and does not alter the status of any feature
designated as implementation dependent

4.15
form
sirgle, syntactically valid unit of program text, capable of being prepared for execution

4.16

fupction

ISlLisp object that is called with arguments, performs a computation (pessibly having
side-effects), and returns a value

—-

4.17

gejneric function
fuction whose application behavior is determined by the €lasses of the values of its arguments
anfl which consists — in general — of several methods

4.18
identifier
ledical element (lexeme) which designates an JSLIsp object

No¢te: In the data structure representation’ef ISLISP texts, identifiers are denoted by symbols.

4.19

imimutable binding
bigding in which the relation-between an identifier and the object represented by this identifier
cannot be changed

Note: It is a violation if there is attempt to change an immutable binding (error-id.
imjnutable-binding).

4.20
injmutable_object
object which is not subject to change, either because no operator is provided that is capablq of
effpcting~such change, or because some constraint exists which prohibits the use of an operafor

that might otherwise be papah]a of D\CFDPHng such a change
(=) (=]

Note: Except as explicitly indicated otherwise, a conforming processor is not required to detect
attempts to modify immutable objects; the consequences are undefined if an attempt is made to modify
an immutable object.

4.21

implementation defined

feature, possibly differing between different ISLiSP processors, but completely defined for every
processor

4 © ISO/IEC 2007 — All rights reserved
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4.22
implementation dependent

feature, possibly differing between different ISLiSP processors, but not necessarily defined for any

particular processor

Note: A conforming ISLISP text must not depend upon implementation-dependent features.

4.23
inheritance

relation between a class and its superclass which maps structure and behavior of the superclass

onto the class

Néote: ISLisP supports a restricted form of multiple inheritance; i.e., a class may have several-dire¢

supperclasses at once.

anjthing that can be created,"destroyed, manipulated, compared, stored, input, or output by
ISILisp processor

te 1: In particulay; fimctions are ISLISP objects.

No¢te 2: Objects\that can be passed as arguments to functions, can be returned as values, can be]
bopind to variables, and can be part of structures, are called first-class objects.

4.29
ogeratoer

F the

firgt elément of a compound form. which is either a reserved name that identifies the form a

a

special form, or the name of a macro, or a lambda expression, or else an identifier in the function

namespace

4.30
operator position
occurrence of a text unit as the first element in a form

© ISO/IEC 2007 — All rights reserved
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4.31
parameter profile
parameter list of a method, where each formal parameter is accompanied by its class name

Note: If a parameter is not accompanied by a class name, it belongs to the most general class.

4.32
place
location where objects can be stored and retrieved later

Note: Places are designated by forms which are permitted as the first argument of setf. If used this

P - P 3 3 T 3 . 3 3 PR T .
Wwaly all ODJECU IS StOTed 11T CITE PIact. IT CIIT TOTTIT IS TI0U Used as TSt argullicIIv O S€TT UITC STOIed OD] pct 1s

retfieved. The cases are listed in the description of setf.

4.33
prcess
ex¢cution of an ISLISP text prepared for execution

4.34

prjocessor

sygtem or mechanism, that accepts an ISLISP text (or an equivalent data structure) as input
prépares it for execution, and executes the result to produce valueS)and side-effects

4.35
priogram
aggregation of expressions to be evaluated, the specifichature of which depends on context

te: Within this International Standard, the term “program” is used only in an abstract way; there is

(identifier) the textual part of a pregram where the meaning of that identifier is defined; i.e/,

5]

text that’complies with the requirements of this International Standard (i.e., with the synta
anfl Static semantics of ISTLISP)

Note: An ISLISP text consists of a sequence of toplevel forms.

4.39
toplevel form
any form that either is not nested in any other form or is nested only in progn forms

4.40
toplevel scope
scope in which a complete ISLISP text unit is processed

6 © ISO/IEC 2007 — All rights reserved
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4.41

writer

method associated with a slot of a class, whose task is to bind a value with a slot of an instance
of that class

5 Notation and conventions

For a clear definition of, and a distinction between, syntactic and semantic concepts, several
levels of description abstraction are used in the following

THere is a correspondence from ISLISP textual units to their ISLisp data structure
representations. Throughout this International Standard the text and the corresponding ISIjisp
objects (data structures) are addressed simultanecously. ISLISP text can be seen ag'an‘externpl
sp¢cification of ISLisp data structures. To distinguish between the two represenfations differpnt
coficepts are used. When textual representation is discussed, textual elements (such as
idgntifiers, literals, and compound forms) are used; when ISLISP objects are discussed, objectp
(sych as symbols and lists) are used.

THe constituents of ISLisP text are called forms. A form can be‘an-identifier, a literal, or A
cofnpound form. A compound form can be a function application form, a macro form, a spedial
form, or a defining form.

A1l identifier is represented by a symbol. A compound {orm is represented by a non-null list.|A
lit¢ral is represented by neither a symbol nor a list, and'so is neither an identifier nor a
cofnpound form; for example, a number is a literal

A1 object is prepared for execution; this might include transformation or compilation,

indluding macro expansion. The method ofipreparation for execution and its result are not
defined in this International Standard (with exception of the violations to be detected). Aftér
sugcessful preparation for execution the result is ready for execution. The combination of
pré¢paration for execution and subsequent execution implements ISLisP’s evaluation model.
THe term “evaluation” is used:Because ISLISP is an expression language—each form has a vallue
wHich is used to compute the yalue of the containing form. The results obtained when an entity
is prepared for execution,are designated throughout this International Standard by the
copstruction “prepared.entity”; e.g., “prepared form,” “prepared special form.”

Example: A “cond Special form” becomes a “prepared cond” by preparation for execution.

In [the exaniples, the metasymbol “=" designates the result of an actual evaluation. For exarhple:

+34) =7

The metasymbol “—” identifies the class that results from the evaluation of a form having a
given pattern. For example:

(+ 41 1) — <integer>

Given a form pattern (usually defined by its constant parts, the function name or special
operator), — relates it to the class to which the result of the evaluation of all matching forms
belong.

© ISO/IEC 2007 — All rights reserved 7
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Form patterns or forms which are equivalent are related by =.

The following notational conventions for form patterns are used:

(f-name argument™) — result-class f kind

In this notation, words written in italics are non-terminal (pattern variables). f-name is always
terminal: Specific function names, special operators, defining form names, or generic function
names are always presented.

An
th
eld

o~

Cl
of

Nd
lai]

Re
ad

Th
clg

—_—

underlined term (like the name in a defining form) in this notation, indicates an express
t is not evaluated. If a form might or might not be evaluated (like one of the then-form
e-form in an if), this is indicated explicitly in the text.

h class; this is usually spoken aloud as “list class.”

tes, appearing as Note: note-text, in this International Standard havémo effect on the
guage. They are for better understanding by the human reader.

bpted:

termt  denotes one or more occurtences of term;
term*  denotes zero or more o¢cuirrences of term;

[term]  denotes at most one*occurrence of term, commonly one says that
is optional;

{termy termy ...}  denotes grouping of terms.

termy | termg | ...  denaotes grouping of alternative terms.

e following naming conyventions are used to denote forms whose arguments obey the respe
Ss restrictions:

arveysarrayy , ... array;, - . . <basic-array>
CONS, CONSY, ... CONSj, ... <cons>

list, listy, ... list;, ... <list>

=

ss names are uniformly denoted as follows: <class-name>. For example, <Ikist> is the najme

carding the pattern variables and the extensions of above, the following conventions are allso

erm

ctive

obj, obji, ...obj;, ... <object>

sequence, SEQUENCE], ... SEQUENCE;, . . . <basic-vector> or <list> (see §25)

stream, streamy, ...streams;, ... <stream>
string, string, ... string;, ... <string>

char, chary, ... char;, ... <character>

function, functiony, ... function;, ... <function>

© ISO/IEC 2007 — All rights reserved
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class, classi, ...class;, ... <class>
symbol, symboly, ... symbol;, ... <symbol>
Ty X1y oee Tjy v e <number>
Zy 21y oo 2y e <integer>

this International Standard the conventions detailed below are used, except where noted:

-p Predicates—sometimes called “boolean functions” —usually have names that end in a -p.

creat
d

se

Fo
en

)

Ax]
ch

Ad

Th

Usually every class <name> has a characteristic function, whose name is built as name
name is hyphenated (generic-function-p), or namep if name is not hyphenated
(symbolp). Note that not all functions whose names end with “p” are predicates,

- Usually a built-in class <name> has a constructor function, which is called 'create-na
bf This is used as the prefix of the defining operators.

- Within this International Standard, any functions named set-ngiwe are writers for a p
for which there is a corresponding reader named name.

any kind of entity in the language, the phrase “entity-kindyrame” refers to the entity of
fity-kind denoted by name. For example, the phrases “fufiction name,” “constant name,”
ass name” respectively mean the function, constantsorclass denoted by name.

Lexemes

ISLisP text is built up from lexemes) Lexemes are built up from at least the following
racters (see §20):
ABCDEFGHILJKLMNOPQRSTUVWIXY?Z
abcdefghijklmnopgrstuvwzxyaz
0123456789 +-<>/*x&=.72_'V¢%:0([]1 {2}~ #

ditional characters are implementation defined.

e following characters are individual lexemes (see §16 and §21.1):

-p if

lace,

kind
or

The following character tuples (where n is a sequence of digits) are individual lexemes (see §12.7,
§16, and §22.1):

#°2 #( ,0 #B #b #0 #o #X #x #na #nA

The textual representations of symbols (see §18), numbers (see §19), characters (see §20), and

str

©

ings (see §24) are lexemes.
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\ (single escape) and | (multiple escape) are special characters. They may occur in some
lexemes (identifiers and string literals).

Other lexemes are separated by delimiters. Delimiters are separators along with the following
characters:

The effect of delimiting is disestablished inside a string (see §24) or inside a corresponding pair
of multiple escape characters (see §18) or for the character immediately following #\.

6. Separators

Separators are as follows: blank, comments, newline, and an implementation-defined set of
chjracters, (e.g., tabs). Separators have no meaning and can be replaced byteach other without
chfnging the meaning of the ISLisP text.

6.2 Comments

THe character semicolon (3) is the comment begin character. That is, the semicolon and all the
chfracters up to and including the end-of-line form a ¢omment.

A Fharacter sequence beginning with #| and endifigawith |# is a comment. Such comments may
be[nested.

Beling a separator, a comment cannot occuftinside a lexeme.

7| Textual representation

THe textual representation 6f an object is machine independent. The following are some of the
tejtual representationsyof the ISLisp objects. This representation is readable by the read
fuppction. Lexemes (are described in §6

Nuyll The gbjéet nil is the only object whose class is <null>. Upon input, it may be written as
nikor (). It is implementation defined whether nil prints as nil or ).

Ligt<{Proper lists are those lists terminated by nil. Usually they are denoted as (obj; 0bj

ha N A Jdot+od lics (4 Lict sxhacalact 4031 30 oot o270 (oha ha.

OO/ 1 SOt rCaTIST ot Sty OSSR o e o O R e p p et SO0 T 00

...objy . objn41).

Character An instance of the <character> class is represented by #\7, where “?” is the character in
question. There are two special standard characters that are not represented in this way,
namely newline and space, whose representations are #\newline and #\space, respectively.

Cons A cons is expressed as (car . cdr), where the car and cdr are objects.

Integer An integer (radix 10) is represented as a sequence of digits optionally preceded by a + or -
sign. If the number is represented in binary radix (or in octal or hexadecimal) then the
textual representation is preceded by #b (or #o or #x, respectively).
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Float A floating point number is written in one of the following formats:

Vector

sldd...d.dd...d

(E)

[s]
[s]dd...d.dd...dE[s]dd...d
[sldd...d.dd...de[s]dd...d
[s]dd...dE[s]dd...d
[s]dd...de[s]dd...d
where s is either “+” or “-” and d is one of “0”"—“9”. For example: 987.12, +12.5E-13,

-1.5E12, 1E32!.

A vector of class <general-vector> is written as #(obj; . ..o0bj,).

Arrzly

String

Symb

TH
thg

Sy
us

9

ere are objects which do not have a_textual representation, such as a class or an instance
<function> class.

jnbols whose names contain a colon (:) or an ampersand (&) are reserved and may not bd
bd as identifiers™ Symbols whose names start with colon (:) are called keywords.

An array of class <general-array#*> or <general-vector> can be written on input ag
(where n is an integer indicating the number of dimensions of the array) followed by a

#na

nested structure of sequences denoting the contents of the array. This structure lis defihed

as follows. If n = 1 the structure is simply (obj; ... obj,). If n > 1 and the-dimensidns
are ny ng ..., the structure is (stry ... str,,), where the str; are thestructures of the
ny subarrays, each of which has dimensions (ny ...). As an example]\thie representatjon

of (create-array ’(2 3 4) 5) is as follows:
#3a(((6 5 55) (6555) (6555)) ((6555) (655%)(5555))).

On output (see format), arrays of class <general-vector>will'be printed using #(. .
notation.

A string is represented by the sequence of its charactérsénclosed in a pair of "’s. For
example: "abc". Special characters are preceded with'a backslash as an escape charac

A named symbol is represented by its print name. Vertical bars (1) might need to enc

er.

oSse

the symbol if it contains certain special characters; see §18. The notation, if any, used [for

unnamed symbols is implementation defined.

Reserved identifiers

Errors

of

An error is a situation arising during execution in which the processor is unable to continue
correct execution according to the semantics defined in this International Standard. The act of
detecting and reporting such an error is called signaling the error.

A violation is a situation arising during preparation for execution in which the textual
requirements of this International Standard are not met. A violation shall be detected during
preparation for execution.

I This number, although belonging to the set of natural numbers, usually is considered as only a floating point
number because of its representation.

© ISO/IEC 2007 — All rights reserved
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9.1 Classes of error specification

The wording of error specification in this International Standard is as follows:

(a) “an error shall be signaled”

An implementation shall detect an error of this kind no later than the completion of

execution of the form having the error, but might detect them sooner (e.g., when the code

is being prepared for execution).

Evaluation of the current form shall stop. If no active handler is established by

Fo
asy
the
ob
erl

M
pe
up,

.2 Pervasive error types

with-handler, it is impleinentation defined Whether the entire Tunning process exits,
debugger is entered, or control is transferred elsewhere within the process.

) “the consequences are undefined”

This means that the consequences are unpredictable. The consequences may.range fro
harmless to fatal. No conforming ISLisp text may depend on the resultsoreffects. A
conforming ISLISP text must treat the consequences as unpredictable. Tn places where
“must,” “must not,” or “may not” are used, then this is equivalent,'to' stating that “th
consequences are undefined” if the stated requirement is not mét\and no specific
consequence is explicitly stated. An implementation is permitted to signal an error in
case.

indexing and cross-referencing convenience, errors irf this International Standard have an

ociated error identification label, notated by text such as “(error-id. sample).” The text
se labels has no formal significance to ISLISP textssor processors; the actual class of any

ect which might be used by the implementation®*to represent the error and the text of an;
or message that might be displayed is impléméntation dependent.

st errors are described in detail in the contect in which they occur. Some error types are
vasive that their detailed“descriptions are consolidated here rather than repeated in full d
pn each occurrence.

1. Domain erfor: an error shall be signaled if the object given as argument of a standard
function”for which a class restriction is in effect is not an instance of the class which ig
requifed in the definition of the function (error-id. domain-error).

2. Arity error: an error shall be signaled if a function is activated with a number of

2

this

f

ctail

arguments which is different than the number of parameters as required in the functio

definition (error-id. arty-error).

3. Undefined entity error: an error shall be signaled if the entity denoted by an identifier
not exist when a reference to that entity is made (error-id. undefined-entity). Two
commonly occuring examples of this type of error are undefined-function and
unbound-variable.

This list does not exhaust the space of error types. For a more complete list, see §29.4.

12

does
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10 Classes

In ISLispP, data types are covered by the class system. A class is an object that determines the
structure and behavior of a set of other objects, which are called its instances. Every ISLisp
object is an instance of a class. The behavior is the set of operations that can be performed on
an instance.

A class can inherit structure and behavior from other classes. A class whose definition refers to
other classes for the purpose of inheriting from them is said to be a subclass of each of those
classes. The classes that are designated for purposes of inheritance are said to be superclasses

f L 3k s 1
(6] TICTITITCT TUTITE - CTaSIST

A tlass can be named by an identifier. For example, this identifier can be used as a parameter
sp¢cializer in method definitions. The class special form can be used to refer to aceess the flass
objject corresponding to its name.

A tlass C is a direct superclass of a class Cy if Cy explicitly designates (4, as a superclasg in
its|definition, or if C7 is defined by this International Standard to be a direct superclass of ('
(far example, by use of a directed arrow from Cy to Cs in Figure 1). Iihis case Cy is a dirfect
sulpclass of C. A class C), is a superclass of a class C1 if there eXists a series of classes
Cy,...,Cp—1 such that C;y; is a direct superclass of C; for 1 <¢‘<n. In this case, C is a
supclass of C),. A class is considered neither a superclass nor‘a subclass of itself. That is, if Cy
is f superclass of Csq, then Cy # Cy. The set of classes congisting of some given class C' alon
with all of its superclasses is called “C' and its superclasges.”

»J

If 4 user-defined class C' inherits from two classes, Cijvand Cs, the only superclasses that C; Jand
(5 may have in common are <standard-object>or <object>. This allows a restricted form of
myltiple inheritance.

Evjery ISLisp object is a direct instance, of>exactly one class which is called “its” class.

A1l instance of a class is either a diréct instance of that class or an instance of one of its
subclasses.

Clhsses are organized into a‘directed acyclic graph defined by the subclass relation. The
nofles are classes and there is an edge from C; to Cs iff Cs is direct subclass of Cy. This graph is
called the inheritance~graph. It has as root the class <object>, the only class with no superglass.
THerefore it is the guperclass of every class except itself. The class named <standard-object> is
an|instance of théwclass <standard-class> and is a superclass of every class that is an instance

of KstandardSelass> except itself.

Ealch classhas a class precedence list, which is a total ordering on the set of the given clgss
anfl ifs'superclasses. The total ordering is expressed as a list ordered from most specific to l¢ast
specific. The class precedence list is used in several ways. In general. more specific classes cgn
shadow, or override, features that would otherwise be inherited from less specific classes. The
method selection and combination process uses the class precedence list to order methods from
most specific to least specific.

10.1 Metaclasses

Classes are represented by objects that are themselves instances of classes. The class of the class
of an object is termed the metaclass of that object. The term metaclass is used to refer to a
class that has instances that are themselves classes.

© ISO/IEC 2007 — All rights reserved 13
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<object>
— <basic-array>
<basic-array*>
L+-<general—array*>
<basic-vector>
<general-vector>

<string>

— <built-in-class>

— <character>

— <function>
<generic-function>

— <list>
<cons>
<null>
— <symbol>
— <number>
— <float>
L <integer>
— <serious-condition>
— <error>

= <arithmetic-error>

— <control-error>
— <parse-eryor>

> <program-error>

<domain-error>

— <simple-error>

— <stream-error>
|

<standard-generic-function>

<division-by-zero>
<floating-point-overflow>

<floating=~point-underflow>

<undefined-entity>

t::<unbound—variable>
<undefined-function>

—— <end-of-stream>
L+ <storage-exhausted>

— <standard-class>
— <standard-object>

— <stream>

Figure 1. Class Inheritance

14
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The metaclass determines the form of inheritance used by the classes that are its instances and
the representation of the instances of those classes.

The ISLisp Object System provides the following predefined metaclasses:

e The class <standard-class> is the default class of classes defined by defclass.

e The class <built-in-class> is the class whose instances are classes that have special
implementations or restricted capabilities. For example, it is not possible to define

1(

Th
no

AN ANANNANANANANNNANANANNNANANAN

Th

A
<s
<s

Fi

b metaclasses):

prithmetic-error>
basic-array>
basic-array*>
basic-vector>
character>

cons>
control-error>
division-by-zero>
domain-error>
end-of -stream>
error>

f loat>
floating-point-overflow>

subclasses of a built-in class.

.2 Predefined classes

<floating-point-underflow>
<function>
<general-array*>
<general-vector>
<generic-function>
<integer>

<list>

<null>

<number>

<object>
<parse-error>
<program-error>
<serious-condition>

e following classes are primitive classes in the class system (i.e., predefined classes that ai

<simple-error>
<standard-generic-fu
<standard-object>
<storage-exhausted>
<stream>
<stream-error>
<string>

<symbol>
<unbound-variable>
<undefined-entity>
<undefined-function>

e classes <standard+class> and <built-in-class> are predefined metaclasses.
ser-defined-class, defined by defclass, must be implemented as an instance of
tandardrclass>. A predefined class can be implemented either as an instance of

tandaxrdsclass> (as if defined by defclass) or as an instance of <built-in-class>.

uré A shows the required inheritance relationships among the classes defined by ISLisp. F

hction>

pr

ea

N pair of classes C7 and Cyo 1n this nngure, 1f Cy 1s linked directly by an arrow to Co, U7 18

a

direct superclass of C2 (and Cs is a direct subclass of C7). Additional relationships might exist,
subject to the following constraints:

1. It is implementation defined whether <standard-generic-function> is a subclass of the

class <standard-object>.

2. Except as described in Figure 1 and the above constraint on

<standard-generic-function>, no other subclass relationships exist among the classes
defined in this International Standard. However, additional implementation-specific

© ISO/IEC 2007 — All rights reserved
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subclass relationships may exist between implementation-specific classes and classes
defined in this International Standard.

3. The class precedence list for <null> observes the partial order <null>, <symbol>, <list>,
<object>.

4. Users may define additional classes using defclass.

A built-in class is one whose instances have restricted capabilities or special representations. The
defclass defining form must not be used to define subclasses of a built-in class. An error shall
be signaled if create is called to create an instance of a built-in class.

A ptandard class is an instance of <standard-class>, and a built-in class is an instance ef
<bpilt-in-class>.

A ptandard class defined with no direct superclasses is guaranteed to be disjoint, from all of the
clgsses in the figure, except for the classes named <standard-object> and <object>.

THe class <function> is the class of all functions. The class <standard-generic-functionp is
th¢ default class of all generic functions.

10.3 Standard classes

10.3.1 Slots

A1 object that has <standard-class> as its metaclass has zero or more named slots. The dlots
of pn object are determined by the class of thexobject. Each slot can hold one object as its vplue.
THe name of a slot is an identifier.

s

When a slot does not have a value, theslot is said to be unbound. The consequences are
unfefined if an attempt is made to rétrieve the value of an unbound slot.

Stering and retrieving the value'of a slot is done by generic functions defined by the defcla
defining form.

(]
]

Al] slots are local; i.é., there are no shared slots accessible by several instances.
A tlass is said_ to define a slot with a given name when the defclass defining form for that
clgss contains'a slot specifier with that name. Defining a slot does not immediately create alslot;

it gauses_asslot to be created each time an instance of the class is created.

A Blot(is said to be accessible in an instance of a class if the slot is defined by the class of the

in“ La.u\,c Ol ib illllUllLUd I‘lUlll A bupﬁlbld;bb UI‘ LhaL blabb. AL IIIUDL UIIC blU‘b Ulp d 51\/511 11al11IC Cal be
accessible in an instance. A detailed explanation of the inheritance of slots is given in the section
§15.1.3.

10.3.2 Creating instances of classes

The generic function create creates and returns a new instance of a class. ISLisP provides
several mechanisms for specifying how a new instance is to be initialized. For example, it is
possible to specify the initial values for slots in newly created instances by providing default
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initial values. Further initialization activities can be performed by methods written for generic
functions that are part of the initialization protocol.

11 Scope and extent

In describing ISLisP, the notions of scope and extent are useful. The first is a syntactic concept,

the latter is a semantic concept. Although syntactic constructs, especially identifiers, are used to
refer to runtime entities (i.e., objects arising during execution), a single entity cannot have both
scqpe and extent. Scope ig a featnure of an identifier, referring to that textnal part of an ISTISP
texft (see §4.38 and §5) within which this identifier occurs with unique meaning. Eztent referls to
th¢ interval of execution time during which a certain object exists.

A jnamespace is a mapping from identifiers to meanings. In ISLisP there are six,némiespace:
vatiable, dynamic variable, function, class, block, and tagbody tag. It is therefére possible for a
sirfgle identifier to have any or all of these six meanings, depending on the centéxt. For exarhple,
an|identifier’s meaning is determined by the function namespace when th€ identifier appears|in
the¢ operator position of a function application form, whereas the samefidentifier’s meaning is
defermined by the variable namespace if it appears in an argument/pgosition in the same form.

=

11.1 The lexical principle

ISlisp is designed following the principle of lexical «wisibility. This principle states that an
IS1Lisp text must be structured in properly nesteddexical blocks of visibility. Within a block] all
defined identifiers of that block and of all enclogihg outer blocks are visible. Each identifier in a
nafnespace has the meaning determined by the'innermost block that defines it.

ISlisp also supports a form of dynamic¢.binding. Dynamic bindings are established and
acgessed by a separate mechanism (4-e., defdynamic, dynamic-let, and dynamic). The dynpmic
value associated with such an identifier is the one that was established by the most recently
ex¢cuted active block that established it, where an active block is one that has been established
anfl not yet disestablished. Begause a separate mechanism is used, the lexical meaning of andl the
dypamic value associated with an identifier are simultaneously accessible wherever both are
defined.

=

11.2 Scope'of identifiers

THe scope of an identifier is that part of an ISLISP text where the meaning of the identifier [is
definedr It starts textually with the definition point—a point that is specified individually fd
each form that establishes an identiiier. Only identillers can have a scope.

=

For each namespace, if an identifier has scope s, and an identical identifier (in the same
namespace) has nested scope sp, then the scope s, of the inner identifier and every scope
contained in it are not part of the scope s,. It is said that the inner scope shadows the outer
scope.

Each complete ISLIsP text unit is processed in a scope called the toplevel scope.

In each namespace, nested binding forms shadow outer binding forms and defining forms.
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(let ((al f-al)

(x £-x)

11

TH
de;

Th

11

Cq

degcribes the lifetime of entities.

(0):
ob
to
ob

In
of
act

(z1 £f-z1))
... ; now al...x...zl are applicable, their scope begins here
(let ((a2 f-a2) ; al...x...zl might be defined newly, but:
- ; the outer al...x...z1 are still usable
(x £f-x2) ; the inner a2...x...z2 are not yet usable
(z2 £-z2)) ; the scope of the outer x becomes shadowed
) tllC DLU}JU fUJ. tllC illllCl G.2- o e dhe o .4.2 Dt(kltb
; now outer al, z1 and inner a2...x...z2 are applicable
) ; scopes of a2...x...z2 end here

; scope of outer x becomes unshadowed
; scopes of al...x...z1 end here

Figure 2. Scope Example

.3 Some specific scope rules

e toplevel scope is the scope of identifiers of required built-in functions, special operators
ining operators, and constants.

served identifiers are not subject to the lexical principle, because they are not identifiers.
ey cannot be defined or bound. See §8.

.4 Extent

mplementary to scope which isla syntactic concepts, extent is a semantic concept: It

jects are created at some time during execution. In most cases, it is undetermined when
ect ends its existemee: its lifetime begins when the object is created and ends when referg
it is no longer possible (and the object is subject to garbage collection). In this case the
ect is said to_have indefinite extent.

other caSes the processor creates entities that are associated with prepared text. The lifef]
such ebjécts begins at the activation point of a defining construct and ends at the end of
ivation; in this case the object is said to have dynamic extent.

A1l
nce

ime

During execution, defining forms and the following binding forms create bindings at their
activation points:

18

block let with-open-io-file
dynamic-let letx* with-open-output-file
flet tagbody with-standard-input
for with-error-output with-standard-output
labels with-open-input-file

© ISO/IEC 2007 — All rights reserved
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The bindings established by defining forms may have indefinite extent. Even in local binding
constructs, bindings might not vanish upon activation end of the prepared block—if one or more
function objects are created during execution of the prepared block that contain references to
those bindings, the bindings will have a lifetime equal to the longest lifetime of those function
objects.

Example:

(defun copy-cell (x) (cons (car x) (cdr x)))
The scope of the identifier x is the body alone—i.e., (cons (car x) (cdr x)). The

Th
for
shi

meaning of x 1s defined for the entire body. x, as identifier, cannot have an extent.
The defun form for copy-cell is prepared for execution and thereby copy-cell
becomes a prepared function. During execution the prepared function copy-cehl
might be activated. Activation in this case results in the creation of a binding
between the variable denoted by x and the object which is used as argument: The
binding of x is an entity whose extent lasts from the activation point to the’activation
end of the function. (In general the extent of a binding can last beyond the activation
end, but this does not occur in this simple case.) We say that the’birding of x is
established upon activation of the function and is disestablished at activation end.

2 Forms and evaluation

2.1 Forms

ecution presupposes successful preparation for execution of an ISLisP text subject to the
luation model. Execution is an activation of a prepared text form that results in a value
haps in some side-effects.

ISLisP text is a sequence of forms.
roughout this International Standard the value a form returns is described, but in genera,

m might not return 4fone of its subforms executes a non-local exit (see §14.7.1). Therefor|
uld be understood. that all such descriptions implicitly include the provision that if the f

refurns, a particulasvalue is returned.

Th

e following¥are valid forms in ISLISP:

o/Compound forms

and

e, it

©

— Special forms
— Defining forms
— Function application forms

— Macro forms
o Identifiers

e Literals

ISO/IEC 2007 — All rights reserved
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A form, when evaluated, returns an object as its value, though some forms may not return (e.g.,
return-from).

A compound form is written as (operator argument*). The operator must be a special operator,
a defining operator, an identifier, or a lambda expression. The identifier names a function, a
macro, or a generic function. It is a violation if operator is a literal.

A toplevel form is a form that is either not lexically nested within another form or is lexically
nested only within one or more progn forms. Special forms and function application forms at
toplevel are called set-up forms. It is a violation if a defining form is not a toplevel form.

13.2 Function application forms

A ffunction application form is a compound form whose operator is an identifief{naming| a
fulhction) or whose operator is a lambda expression. All of the arguments are gvaluated, fronj left
to [right, and the function is called with (or “applied to”) arguments that aré, in the same order,
th¢ objects resulting from these evaluations. This International Standard describes a functign
application form in the following format:

(finction-name argument™) — result-class fundtion

THis describes an ordinary function.

(gkneric-function-name argument®) — result-€lass generic function

THis describes a generic function.

(

o~

dcal-function-name argument®)” — result-class local fungtion

THis describes an ordinary function that is available only in a specified lexical scope.

13.3 Special forms

A bpecial form is a form whose arguments are treated in a special way; for example, argunents
ar¢ not’evaluated or are evaluated in a special order. It is implementation defined whether any
special form 1s implemented as a macro (see §12.5 and §16). Special forms are recognized because
they have a special operator in their operator position. The following are special operators:
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and dynamic-let let* throw

assure flet or unwind-protect

block for progn while

case function quote with-error-output
case-using go return-from with-handler

catch if set-dynamic with-open-input-file
class ignore-errors setf with-open-io-file
cond labels setq with-open-output-file
convert lambda tagbody with-standard-input
dynamic let the with-standard-output

Th

Th

ere might be additional, implementation-defined special operators.

is International Standard describes the evaluation of special forms in the following fermaf:

(special-operator argument*) — result-class special operptor
13.4 Defining forms
A Uefining form is a toplevel special form (see §12.3) that establishes a binding between nme

Th

l an object which is the result of handling the arguwients according to the semantics impl
defining-form-name; it is a violation if a defining-forin is not a toplevel form. For each
mespace, defining forms can occur at most oncédfor the same name and, in case of metho

h defining operator. These are the defining operators:

defclass defdynamic .~defglobal defmethod
defconstant defgeneric - defmacro defun

is International Standard describes defining forms in the following format:

ied

i

initions for the same parameter profile. A defining form is a compound form whose operaltor

(d

Efining-form-narey name argument®) — <symbol> defining oper

ator

.5, ( Macro forms

Macro forms are expanded during preparation for execution.

For information on how macros are processed, see §16.

12.6 The evaluation model

This section provides an operational model of the process of evaluation.

©
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The process of evaluation has two steps: A valid ISLIsP text is first prepared for execution, and
then the prepared text is executed. Both the process of preparing the text for execution and the
properties of a prepared text are implementation dependent, except that all macros have been
expanded in the prepared text (see §16). The process of execution which follows is described in
terms of fully macroexpanded forms.

A prepared form is executed as follows:

1. If the form is a literal, the result is the form itself.

2. If the form is an identifier, the result is the object denoted by the identifier in the vari

ble

namespace of the current lexical environment. An error shall be signaled if no bindifig
been established for the identifier in the variable namespace of current lexical enyironrhent
(see §9.2) (error-id. unbound-variable).

3. If the form is a compound form, then one of the following cases must apply:

(a) If the operator is a special operator, then the form is a special form and its argu

4. Othlerwise, an error shall be signaled (error-id. undefined-function).

are evaluated according to the definition of the special operator.) For example, if
evaluates its condition expression and, depending on the résult obtained, it then
evaluates the “then” form or the “else” form.

If the operator names a defining form, then the first.argument is an identifier. Th
remaining arguments are handled according to the(specification of the defining fo
and the resulting object is used to establish a/bifiding between the identifier and
object in the appropriate namespace.

has

ents
first

e
m
hat

If the operator is a lambda-expression, thew the arguments are evaluated. The ordler

of evaluation of the arguments is sequentially from left to right. Then the functio
denoted by the lambda-expression ighinvoked with the evaluated arguments as act]
parameters. The result is the value Teturned by the function, if it returns.

Example:

((lambda (x)%(P x x)) 4) = 8

Otherwise, the compound form is a function application form. The operator posif
of the form isan-identifier; it will be evaluated in the function namespace to prod

n
ual

ion
uce

a function tQ-be called. An error shall be signaled if no binding has been establislied

for the identifier in the function namespace of the current lexical environment (se
§9.2) (error-id. undefined-function). The arguments are evaluated in order from 14
right.~"Then the function is invoked with the evaluated arguments as actual
patameters. The result is the value returned by the function, if it returns.

h

ft to

See §9.2 for descriptions of error situations that might occur during execution of the above cases.

12.7 Functions

A function can receive some objects as arguments upon activation. If a function returns, it
returns an object as its value. A function binding can be established in one of the following

ways:

22
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e by using function defining forms; i.e., the defun, defgeneric, and defclass defining forms

e by using labels and flet special forms

(functionp obj) — boolean function

Returns t if obj is a (normal or generic) function; otherwise, returns nil. obj may be any ISLisP
object.

ExpmpTe:

(functionp (function car)) =t

Fupction bindings are entities established during execution of a prepared, Zabels or flet foims
or [by a function-defining form. A function binding is an association between an identifier,
fumction-name, and a function object that is denoted by function-name-—if in operator
popition—or by (function function-name) elsewhere.

=

(finction function-name) — <function> special operptor
#’ function-name — <function> syntax

THis special form denotes a reference to the function named by function-name. This special form
is fised to refer to identifiers defined by function<defining forms, labels, or flet which are ot
in operator position.

(function function-name) can be writtén as #° function-name.
It peturns the function object namied by function-name.
A1} error shall be signaled if'\né binding has been established for the identifier in the function

nafmespace of current lexical environment (see §9.2) (error-id. undefined-function). The
copsequences are undefined if the function-name names a macro or special form.

Expmple:
(funcall (function -) 3) = -3
(apply #’- (4 3)) =1
(lambda lambda-list form*) — <function> special operator

Where:

lambda-list ::= (identifier® [&rest identifier]) |
(identifier* [:rest identifier])
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and where no identifier may appear more than once in lambda-list.
Execution of the lambda special form creates a function object.

The scope of the identifiers of the lambda-list is the sequence of forms form™*, collectively referred
to as the body.

When the prepared function is activated later (even if transported as object to some other
activation) with some arguments, the body of the function is evaluated as if it was at the same
textual position where the lambda special form is located, but in a context where the lambda
variables are bound in the variable namespace with the values of the corresponding arguments.
A frestor—restvartabte;, it ey, ts-bommd-to-thetistof-thevatuesof therermmaimmgargummnts.
A1} error shall be signaled if the number of arguments received is incompatible with the spedified
lampbda-list (error-id. arity-error).

Orjce the lambda variables have been bound, the body is executed. If the body i$empty, nill is
reffurned otherwise the result of the evaluation of the last form of body is returiied if the bogly
wafs not left by a non-local exit (see §14.7.1).

n

If the function receives a &rest or :rest parameter R, the list L; towhich that parameter
bolind has indefinite extent. L; is newly allocated unless the function) was called with apply and
R porresponds to the final argument, Lo, to that call to apply (er7Some subtail of Ly), in which

cage it is implementation defined whether L; shares structure with Lo.

Expmple:

((lambda (x y) (+ (* x x) (x y y)N3 4)
= 25

((lambda (x y &rest z) z) 3 4 5°6)
= (5 6)

((lambda (x y :rest z) z)\3 4 5 6)
= (56

(funcall (lambda (x ) (- y (* x y))) 7 3)
= -18

(1pbels ((functiop-name lambda-list form*)*) body-form*) — <object> special operptor
(flet ((function-name lambda-list form™)*) body-form*) — <object>  special operptor

THe flet ‘and labels special forms allow the definition of new identifiers in the function
nafespace for function objects.

Inn11—\-|n\v\n-;n]£v-w1+]n £ o s dont oy £ ot oo spa 1o 41 "1,.111.‘1,.“:1
=3 WHore-—TrabeTrs Speet

TTOCTo P oo oS50 o T o O U C o e O v eI ot

form (excluding nested scopes, if any); for the flet special form, the scope of an identifier is
only the body-form*. Within these scopes, each function-name is bound to a function object
whose behavior is equivalent to (lambda lambda-list form™*), where free identifier references are
resolved as follows:

e For a labels form, such free references are resolved in the lexical environment that was
active immediately outside the labels form augmented by the function bindings for the
given function-names (i.e., any reference to a function function-name refers to a binding
created by the labels).
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e For a flet form, free identifier references in the lambda-expression are resolved in the
lexical environment that was active immediately outside the flet form (i.e., any reference
to a function function-name are not visible).

During activation, the prepared labels or flet establishes function bindings and then evaluates
each body-form in the body sequentially; the value of the last one (or nil if there is none) is the
value returned by the special form activation.

No function-name may appear more than once in the function bindings.

Expmple:

(labels ((evenp (n)

(if (=n 0)
t
(oddp (- n 1))))

(oddp (n)

(if (=n 0)
nil
(evenp (- n 1)))))

(evenp 88)) =t

(flet ((f (x) (+ x 3)))
(flet ((f (x) (+ x (f x))))
£ 7)) = 17

(apply function obj* list) — <object> fundtion

Applies function to the argumenits, obj*, followed by the elements of list, if any. It returns the
value returned by function:.

A1 error shall be sighaled if function is not a function (error-id. domain-error). Each obj mlay
be[any ISLisp object< An error shall be signaled if list is not a proper list (see §7) (error-id.

improper-arqunrent-list).

Expmples

(apply (if (< 1 2) (function max) (function min))

1 2 (list 3 4)) = 4

(defun compose (f g)
(lambda (:rest args)
(funcall f (apply g args))))) = compose

(funcall (compose (function sqrt) (function *)) 12 75)
= 30
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(funcall function obj*) — <object>

function

Activates the specified function function and returns the value that the function returns. The
ith argument (2 < 4) of funcall becomes the (i — 1)th argument of the function. funcall could
have been defined using apply as follows:

(defun funcall (function :rest arguments)
(apply function arguments))

Ax]
be

Al
the

Ty
to]

error shall be signaled if function is not a function (error-id. domain-error). Each obj i
any ISLISP object.

hmple:

(let ((x °(1 2 3)))
(funcall (cond ((listp x) (function car))
(t (lambda (x) (cons x 1)))) x))
=1

.8 Defining operators

hough the names defined by defining forms can be used throughout the current toplevel s
prepared toplevel forms in an ISLisP text“unit are executed sequentially from left to righ

o defining forms with the same identifier in the same namespace are not allowed in one
level scope.

ope,

=i

(d

bfconstant name form)( " <symbol> defining oper

Ator

Th
sc

Al
bix

Th

is form is used te define a named constant in the variable namespace of the current tople
pe. The scope.of-name is the entire current toplevel scope except the body form.

hough nanye is globally constant, a variable binding for name can be locally established ]
1ding foruar

exrésult of the evaluation of form is bound to the variable named by name. The binding

el

Yy a

hnd

the object created aS the result oI evaluating the second argumient are immmutable. Lhe Sym

named name is returned.

Example:

26

(defconstant e 2.7182818284590451) = e

e = 2.7182818284590451
(defun £ ) e) = £
(£) = 2.7182818284590451

ol
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(defglobal name form) — <symbol>

defining operator

This form is used to define an identifier in the variable namespace of the current toplevel scope.

The scope of name is the entire current toplevel scope except the body form.

form is evaluated to compute an initializing value for the variable named name. Therefore,
defglobal is used only for defining variables and not for modifying them. The symbol named

name is returned.

A M 1 M. . | A £ a1l 1 1 11 rololicl JL A £ + 41
CXTICaT vVartaDTC OITAIITE ~TOT— 1T 77T Call STIIT DT TOCAITY CSTADIISIICT DY o OIITAIITE - TOTTIT,—TIT UITc

cage, the local binding lexically shadows the outer binding of name defined by defglobal.

Expmple:
(defglobal today ’wednesday) = today
today = wednesday
(defun what-is-today () today) = what-is-today
(what-is-today) = wednesday

(let ((what-is-today ’thursday)) (what-is-today))
= wednesday

(let ((today ’thursday)) (what-is-today))
= wednesday

(dpfdynamic name form) — <symbol>

defining operptor

THis form is used to define a dynamie,variable identifier in the dynamic variable namespace.| The

scqpe of name is the entire current toplevel scope except the body form.
THe symbol named name is(refurned.

Expmple:

(defdynamic *color* ’red) = *colorx*
(dyhamic *color*) = red
¢(defun what-color () (dynamic *colorx))

= what-color

(what-color) = red

LAdsznama 1ot (L4 dloaxck ) ocon 2 (ot 1o

(dyramie—tet—L lox sreer)—Cihat 1or >
= green

(defun function-name lambda-list form*) — <symbol>

defining operator

The defun-form defines function-name as an identifier in the function namespace; function-name

is bound to a function object equivalent to (lambda lambda-list form™*).

© ISO/IEC 2007 — All rights reserved
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The scope of function-name is the whole current toplevel scope. Therefore, the definition of a
function admits recursion, occurrences of function-name within the form™* refer to the function
being defined. The binding between function-name and the function object is immutable.

defun returns the function name which is the symbol named function-name. The free identifiers
in the body form™* (i.e., those which are not contained in the lambda list) follow the rules of
lexical scoping.

Example:

Ldaf rA 4 L
e Caar— X7/ Car—=<

TH
fal
an

An

ni

t
alg

|

Lil
va
an

caar

B Predicates

.1 Boolean values

e values t and nil are called booleans. t denotes true, and.nil is the only value denoti
e. Predicates, also called boolean functions, are functions that return t when satisfie]
1 nil otherwise.

y object other than nil is treated as true (not just t). When objects are treated as true
| this way they are called quasi-booleans.

5 an identifier naming the symbol t, and 011 is an identifier naming the symbol nil (whi
O the empty list). nil is the unique ingtance of the <null> class.

ke boolean functions, the and and (or special forms return truth values; however, these trul
ues are nil when the test is ndt.satisfied and a non-nil value otherwise. The result of an
H or are quasi-booleans.

g

pr

h is

th

t | — <symbol> named constant
nil — <null> named consfant
t i a named~fonstant whose value is the symbol t itself. nil is a named constant whose value is

thg

symbohmil itself.

.2 Class predicates

The following functions are one-argument class membership predicates:

basic-array*-p floatp integerp stringp
basic-array-p functionp listp symbolp
basic-vector-p general-array*-p null
characterp general-vector-p numberp
consp generic-function-p streamp
28 © ISO/IEC 2007 — All rights reserved
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In addition, the function instancep is a two-argument predicate that tests membership in an

arbitrary class.

13.3 Equality

(eq obj1 obj2)

— boolean

(eql obj; obj) — boolean

function
function

€q
thd
co
the

Fo
ard

same

hmple:

way.

If an implementation supports positive and negative zer0s'as distinct values, then (eq]
0.0 -0.0) returns nil. When the syntax -0.0 is read and it is interpreted as the valye
0.0 then (eql 0.0 -0.0) returns t.

and eql test whether obj; and obje are same identical object. They return t if the objectp are
same; otherwise, they return nil. Two objects are the same if there is no operation'\that
ild distinguish them (without modifying them), and if modifying one would modify the ofher

eq, the consequences are implementation defined if both obj; and obj, aré humbers or bpth
characters. For eql the meaning for numbers and characters is defined as follows:

e If obj; and objy are numbers, eql tests whether they are dirett instances of the same dlass
and have the same value.

e If objy and obj, are characters, eql tests whether they are the same character (see chalr=).

(eql O O) = t

(eqg O O) = t

(eql O °0O) = t

(eqg 20 O = t

(eql ’a ’a) = t

(eq ’a ’a) = t

(eql ’a /) = t

(eq ’a ’h) = t

(eql)’a ’b) = nil

(é9)"’a ’b) = nil

(eql ’f ’nil) = nil

(eq ’f ’nil) = nil

(eql 2 2) = t

(eq 2 2) = nil or t (implementation-defined)
(eql 2 2.0) = nil

(eq 2 2.0) = nil

(eql 100000000 100000000) = t

(eq 100000000 100000000) = nil or t (implementation-defined)
(eql 10.00000 10.0) = t

(eq 10.00000 10.0) = nil or t (implementation-defined)
(eql (cons 1 2) (cons 1 2)) = nil

(eq (cons 1 2) (cons 1 2)) = nil

(let ((x ’(a))) (eql x x)) = t

© ISO/IEC 2007 — All rights reserved
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(let ((x ’(a))) (eq x %)) = t
(eql ’(a) ’(a)) = nil or t (implementation-defined)
(eq ’(a) ’(a)) = nil or t (implementation-defined)
(let ((x > (b))
(y ’(a b))

(eql x (cdr y))) = nil or t (implementation-defined)

(let ((x > (b))
(y ’(a b))

(eq x (cdr y))) = nil or t (implementation-defined)
(eql ’(b) (cdr ’(a b))) = nil or t (implementation-defined)
(eq ’(b) (cdr ’(a b)) = nil or t (implementation-defined)
(Tet ((p (Tambda (x) x)))

(eql p p)) = t
(let ((p (lambda (x) x)))

(eq p P)) = t
(let ((x "a")) (eql x %)) = t
(let ((x "a")) (eq x x)) = t
(eql "a" "a" = nil or t (implementation-defined
(eq "a" "a") = nil or t (implementation-defined]
(et ((x "")) (eql x x)) = t
(et ((x "")) (eq x x)) = t
(eql "™ ") = il ort~ (implementation-defined
(eq "™ "M) = nil@©r't (implementation-defined
(eql #\a #\A) = il
(eq #\a #\A) =H'nil
(eql #\a #\a) ="t
(eq #\a #\a) = nil or t (implementation-defined]
(eql #\space #\Space) =t
(eq #\space #\Space) = nil or t (implementation-defined)
(eql #\space #\space) =t

4

(eq #\space #\space) nil or t (implementation-defined)

(epual obji obja) — boolean fundtion
THis function tests‘whether 0bj; and objs are isomorphic—i.e., whether obj; and objs denot¢ the
safne structureSyith equivalent values. equal returns t if the test was satisfied, and nil if npt.
Spcifically;

If pbjy, and objs are direct instances of the same class, equal returns t if they are eql. Otherwise
(if|theyrare direct instances of the same class but not eql), the result is t if one of the folloying
cascsS appies:

(

a) lists: either obj; and objs are both the empty list (i.e., nil), or

(and (equal (car obj;) (car obj))
(equal (cdr obj;) (cdr objr))) holds;

(b) basic arrays:

30

(equal (array-dimensions obj)
(array-dimensions 0bj2))
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holds and for every valid reference (aref obj; indy ...ind,)

(equal (aref obj ind; ...ind,)

(aref objy ind; ...ind,)) is satisfied.

Otherwise the value is nil.
obj1 and obje may be any ISLISP objects.

Example:

(equal ’a ’a)
(equal 2 2)
(equal 2 2.0)
(equal ’(a) ’(a))
(equal ’(a (b) ©)
>(a (b) ¢))
(equal (cons 1 2) (coms 1 2))
(equal ’(a) (list ’a))
(equal "abc" "abc")
(equal (vector ’a) (vector ’a))
(equal #(a b) #(a b))
(equal #(a b) #(a c))
(equal "a" "A")

13.4 Logical connectives

R

N 2 2 R A

nil

ct o o ct t ot

nid
nil

(npt obj) — boolean

fundtion

W__»

THis predicate is the logical “not” (or “—”). It returns t if obj is nil and nil otherwise. obf

mdy be any ISLisp objéct.

Expmple:
(ot t) = nil
(not ’()) = t
(not ’nil) t
(not nil) =t
(not 3) = nil
(not (list)) =t
(not (1list 3)) = nil

(and form*) — <object>

special operator
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and is the sequential logical “and” (or “A”). forms are evaluated from left to right until either
one of them evaluates to nil or else none are left. If one of them evaluates to nil, then nil is
returned from the and; otherwise, the value of the last evaluated form is returned. The form and
is equivalent to the following:

(and) = 't

(and form) = form

(and formq formy ... form,) = (if form; (and forms ... form,) ’nil)?
Example:

(and (= 22) > 2 1)) = t
(and (= 2 2) (<2 1)) = nil
(and (eql ’a ’a) (not (> 1 2))) = t
(let ((x ’a)) (and x (setq x ’b))) =D
(let ((x nil)) (and x (setq x ’b))) = nil
(let ((time 10))
(if (and (< time 24) (> time 12))
(- time 12) time)) = 10
(let ((time 18))
(if (and (< time 24) (> time 12))
(- time 12) time)) = 6
(of form*) — <object> special operptor

or|is the sequential logical “or” (or “V™). forms are evaluated from left to right until either jone
of fhem evaluates to a non-nil value or else none are left. If one of them evaluates to a noninil
vajue, then this non-nil value.ig'returned, otherwise nil is returned. The form or is equivalent
to [the following:

(or) = ‘nil
(or form) = form
(or formg~forms ... form,) = ((lambda (war)
(if war wvar (or forms ...form,))) formi)
where var does not occur in forms ... form,
Exbmple:
(or (=22) (>21)) =t
(or (=22) (<x21)) =t

(let ((x ’a)) (or x (setq x ’b))) = a
(let ((x nil)) (or x (setq x ’b))) = b

2For the definition of if, see §14.4 below.
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14 Control structure

14.1 Constants

constant — <object> syntax

There are three kinds of constants: literals, quoted expressions, and named constants. Quoted
expressions are described below.

THe consequences are undefined if an attempt is made to alter the value of a constant.

THe result of evaluating the literal constant constant is constant itself. Instances of-thé following
clgsses are literal constants: <basic-array>, <character>, and <number>

—_—

Expmple:

#2A((a b c) (d e £)) = #2A((a b_€))(d e £))

#\a = #\a

145932 = 145932

"abc" = "abc"

#(a b c) = #(a'b c)
(qpote obj)) — <object> special operptor
> obj — <object> syntax

A huoted expression denotes a reference to an object. This notation is used to include any object
in jan ISLISP text.

THe character ’ (apostrephe or single quote) is syntax for quotation. That is, (quote a) =| ’a.

THe result of the eyaluation of the quote special form is o0bj.

Expmple:
(quote a) = a
(quote #(a b c)) = #(a b c)
(quote (+ 1 ZJ) (+1°2)
0] = nil
’a = a
'#(a b ) = #(a b c)
’(car 1) = (car 1)
Y(+12) = (+12)
’(quote a) = (quote a)
- = (quote a)
(car ’’a) = quote
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The consequences are undefined if an attempt is made to alter the value of a quoted expression.

1

4.2 Variables

Variable bindings are entities established during execution of the prepared variable-binding
forms or by the activation of functions.

A variable is used to refer to an association between an identifier and an ISL1SP object, and is
denoted by that identifier. The association can be altered (by assignment) using the setf special

forw\ r-seta-special forma

THe following are variable binding forms:

it N i =4 TorTOT T

defglobal 1let for 1letx*

vaf — <object> Sy}

htax

THe value of var is the object associated with var in its variable binding.

Expmple:

(defglobal x 0) = X
b4 = 0
(let ((x 1) x) =1
X = 0
(sptq war form) — <object> special operptor

THis form represents an.assignment to the variable denoted by the identifier. In consequencs, the
idgntifier may designaté a different object than before, the value of form.
THe result of theevaluation of form is returned. This result is used to modify the variable
bigding denotéd by the identifier var (if it is mutable). setq can be used only for modifying
bigdings, and not for establishing a variable. The setq special form must be contained in the
scope of var, established by defglobal, let, let*, for, or a lambda expression.
Ex uylc.

(defglobal x 2) = X

+x 1) = 3

(setq x 4) = 4

+x 1 = 5

(let ((x 1)) (setq x 2) x) = 2

(+x 1 = b5
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(setf place form) — <object> special operator

This macro is used for generalized assignment.

setf takes a place and stores in this place the result of the evaluation of the form form. The
place form is not evaluated as a whole entity, but subforms of place are evaluated sequentially
from left to right to determine a place to be assigned a value. When place is denoted by an
identifier, setf behaves exactly as setq. The returned value is the result of the evaluation of
form. The valid places for the setf special form are as follows:

vhriables var

diynamic bindings (dynamic war)

the components of a basic-array (aref basic-array z1 ...z,)
the components of a general array (garef general-array 2z ...zp)
the components of a list (elt list 2)

the components of a vector (elt basic-vector z)

the left component of a cons (car cons)

the right component of a cons (cdr cons)

al property of a symbol (property symbol property)
aJslot of an instance of a class (reader-function-name instance)

A place can also be a macro form that expands (during preparation for execution) into a plape or
a flunction application form with operator op for which_set¥f is defined or for which a generig
fulpction named (setf op) has been defined. In theseMast two cases, that function will recejve

as [arguments the new value to be assigned followed by the objects that resulted from evalualting
th¢ arguments of the function application form.

Expmple:

(setf (car x) 2) = 2
In the cons x, the carvow is 2.

(defmacro first \(spot)

“(car ,spot)) = first
(setf (fiyxst x) 2) = 2
In the cdns x, the car now is 2.

(Lpts(Car form)™) body-form™) — <object> special operptor

The let special form is used to define a scope for a group of identifiers for a sequence of forms
body-form™* (collectively referred to as the body). The list of pairs (var form)* is called the let
variable list. The scope of the identifier var is the body.

The forms are evaluated sequentially from left to right; then each variable denoted by the
identifier var is initialized to the corresponding value. Using these bindings along with the
already existing bindings of visible identifiers the body-forms are evaluated. The returned value
of let is the result of the evaluation of the last body-form of its body (or nil if there is none).
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No var may appear more than once in let variable list.

Note: Although this form is a special form, one can think of it as a macro whose rewriting rules are as

follows:

(let ) body-form*) (progn body-form™*)?3

(et ((wary formq) ((lambda (war; vary ... wvary)
(vary forms) body-form*
e ) formy formy ... formp)?4
(vary, formy))
})f)/"]al_'lfflﬂ"m * \
Expmple:
(et ((x 2) (y 3))
(*x x y)) = 6
(et ((x 2) (y 3))
(let ((x 7)
(z (+ x 7))
(x z x))) = 35
(et ((x 1) (y 2))
(let ((x y) (y x))
(list x y))) = (2 1)
(Lpt* ((war form)*) body-form*) —<object> special operptor
THe let* form is used to define*a scope for a group of identifiers for a sequence of forms

bo
lisf
fol

Fo
in
va,
idq

an

Jy-form™® (collectively referred to as the body). The first subform (the let* variable list) i
of pairs (var formd.\The scope of an identifier var is the body along with all form form:
owing the pair (war) form) in the let* variable list.

each pair (war” form) the following is done: form is evaluated in the context of the bind
effect at #haf point in the evaluation. The result of the evaluation is bound to its associaf]
iable nainéd by the identifier var. These variable bindings enlarge the set of current valid
ntifiers perhaps shadowing previous variable bindings (in case some var was defined outsi
11 this enlarged or modified environment the body-forms are executed. The returned val

ings

ed

de),
e of

le

* 18 the result oI the evaluation oI the last 1orm oI 1ts body (or nil 1l there 1S none).

Note: Although this form is a special form, one can think of it as a macro whose rewriting rules are as

follows:

(let* OO body-form™)
(letx ((vary formqp)

(progn body-form™*)
(let ((wary formi))

36

3For the definition of progn see §14.5 below.
4For the definition of lambda see §12.7.
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(vary forms) (let ((vary forms))
(Um"n. .‘férmn)) o (let ((vary, formy))
body-form™) body-form™*) . ..))

Example:

(let ((x 2) (y 3))

(let* ((x 7)
(2 % 3)))

14

dy|

Dy
(@)

s

Dy
by

Th

(*x z x))) = 70
(let ((x 1) (y 2))

(letx ((x y) (y x))
(1ist x y))) = (2 2)

.3 Dynamic variables

Hynamic variable is an association between an identifier¢ar and an ISLiSP object in the
hamic variable namespace. Dynamic variables implefnent a form of dynamic binding.

namic variables are defined globally by defdynamic and are established during the execuf
h prepared dynamic-let.

namic variable bindings defined by defdynamic persist indefinitely whereas those establis
dynamic-let are disestablished uponénd of execution of this special form.

e value of a dynamic variable canvbe accessed by (dynamic wvar).

—

on

hed

(d

ynamic var) — <object> special oper

Ator

Th
for

dy

Du

is special form _denotes a reference to the identifier denoting a dynamic variable. This spd
m is not alloewed in the scope of a definition of var which is not done by defdynamic or
hamic-let,

ring(agtivation, the current dynamic binding of the variable var is returned that was

es

cial

es

qablished most recently and is still in effect. An error shall be signaled if such a binding d

not exist (error-1d. unbouna-variaovle).

(setf (dynamic war) form) — <object> special form
(set-dynamic form war) — <object> special operator

This special form denotes an assignment to a dynamic variable. This form can appear anywhere
that (dynamic wvar) can appear.

form is evaluated and the result of the evaluation is used to change the dynamic binding of var.

©
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An error shall be signaled if var has no dynamic value (error-id. unbound-variable). setf of
dynamic can be used only for modifying bindings, and not for establishing them.

(dynamic-let ((uar form)*) body-form*) — <object> special operator

The dynamic-1let special form is used to establish dynamic variable bindings. The first subform
(the dynamic-let variable list) is a list of pairs (var form). The scope of an identifier var
defined by dynamic-let is the current toplevel scope. The extent of the bindings of each var is
the extent of the body of the dynamic-let. The dynamic-1let special form establishes dynamic
vafiables for all vars.

Rdferences to a dynamic variable named by var must be made through the dynamic special form.

Al] the initializing forms are evaluated sequentially from left to right, and then thewvalues ate
asgociated with the corresponding vars. Using these additional dynamic bindings’and the alrpady
exjsting bindings of visible identifiers, the forms body-form™* are evaluated in‘séquential ordef.
THe returned value of dynamic-let is that of the last body-form of the body (or nil if therq is
nohe). The bindings are undone when control leaves the prepared dynami'c-let special forny.

Expmple:

(defun foo (x)
(dynamic-let ((y x))
(bar 1))) = foo

(defun bar (x)
(+ x (dynamic y))) = bar

(foo 2) = 3

14.4 Conditional‘expressions

(if test-formnthien-form [else-form]) — <object> special operptor

THe test=form is evaluated. If its result is anything non-nil, the then-form is evaluated and[its
vajues returned; otherwise (if the test-form returned nil), the else-form is evaluated and if
value is returned.

w0

If no else-form is provided, it defaults to nil.

Example:
(if (> 3 2) ’yes ’no) = yes
(if (> 2 3) ’yes ’no) = no
(if (> 2 3) ’yes) = nil
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(if >32) (-32) (+32)) =1

(let ((x 7))

(Af (< x0) x (- X))

(cond (test form*)*) — <object>

special operator

)

th¢ test is evaluated; when a test delivers a non-nil value th

TTT T

al111Ed d
e scanning process stops and, al

CqUCITtIAY ard 11T cac] case

forms associated with the corresponding clause are sequentially evaluated and the valie)of the
lagt one is returned. If no test is true, then nil is returned. If no form exists for the sticcesgful
teqt then the value of this test is returned.

copd obeys the following equivalences:

(cond)
(cond (testy)

Expmple:

(cond ((>
(<

(cond ((>
(<

(cond (>
((<
(t

(testy formd*)

(cond (test; formi)
(testy formd*)

2)
2)

3)
3)

3)
3)

’greater)
’less))

lgreater)
’less))

’greater)
’less)
’equal))

nil
(or test;
(cond (testy formg")
S
(if test;

(progn_farm;)
(cond«(testy formg)

o))

= greater

= nil

= equal

(case keyform ((key™) form™)* [(t form™)]) — <object>
(case-using predform keyform ((key*) form™)* [(t form™)])

— <object>

special operator

special operator

The case and case-using special forms, called case forms, provide a mechanism to execute a
matching clause from a series of clauses based on the value of a dispatching form keyform.

The clause to be executed is identified by a set of keys. A key can be any object. If the keylist of
the last clause is t the associated clause is executed if no key matches the keyform.
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keyform is a form to be computed at the beginning of execution of the case form. If the result of
evaluating keyform is equivalent to a key, then the forms, if any, in the corresponding clause are
evaluated sequentially and the value of the last one is returned as value of the whole case form.
case determines match equivalence by using eql; case-using match determines equivalence by
using the result of evaluating predform. predform must be a boolean or quasi-boolean function
that accepts two arguments, the value returned by keyform and key. If no form exists for a
matching key, the case form evaluates to nil. If the value of keyform is different from every key,
and there is a default clause, its forms, if any, are evaluated sequentially, and the value of the
last one is the result of the case form.

The same key (as determined by the match predicate) may occur only once in a case form.

Expmple:

(case (* 2 3)
((2 35 7) ’prime)
((4 6 8 9) ’composite)) = composite

(case (car ’(c d))
((a) ’a)
((®) ’b)) = nil

(case (car ’(c d))
((a e i o u) ’vowel)
((y) ’semivowel)
(t ’consonant)) = consonant

(let ((char #\u))
(case char
((#\a #\e #\o #\u #\1)2’vowels)
(t ’consonants))) = vowels

(case-using #’= (+ 430 1.0)
((1) ’ome)
((2) ’two)
(t ’more))) = two

(case-using #’string= "bar"
(("fe0") 1)
(!bar") 2)) = 2

14.5 Sequencing forms

(progn form*) — <object>

special operator

This special form allows a series of forms to be evaluated, where normally only one could be used.

The result of evaluation of the last form of form™* is returned. All the forms are evaluated from

40
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left to right. The values of all the forms but the last are discarded, so they are executed only for
their side-effects. progn without forms returns nil.

Example:
(defglobal x 0) = X
(progn
(setq x 5)
(+ x 1)) = 6
(progn

(format (standard-output) "4 plus 1 equals ")
(format (standard-output) "“D" (+ 4 1)))
= nil

prints 4 plus 1 equals b5

14.6 Iteration

(while test-form body-form™*) — <null> special operptor

Itdrates while the test-form returns a true valuelSpecifically:

1. test-form is evaluated, producing a'<value V;.
2. If Vi isnil, then the while fo¥rih immediately returns nil.

3. Otherwise, if V; is non-nil)the forms body-form* are evaluated sequentially (from left| to
right).

4. Upon successful ¢onipletion of the body-forms*, the while form begins again with step [1.

Expmple:

(let ((x >O)) (1 5))
(while (> i 0) (setq x (comns i x)) (setq i (- 1 1)))

) (42 3 4 B

(for (iteration-spec™) (end-test result®) form*) — <object> special operator
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Where:
iteration-spec i= (war init [step])

for repeatedly executes a sequence of forms form*, called its body. It specifies a set of identifiers
naming variables that will be local to the for form, their initialization, and their update for each
iteration. When a termination condition is met, the iteration exits with a specified result value.

The scope of an identifier var is the body, the steps, the end-test, and the result*. A step might
be omitted, in which case the effect is the same as if (var init var) had been written instead of
(vpT wmat)- It 1s & violation 1I more tham one zleralion-spec names the same var i the same|for

form.

THe for special form is executed as follows: The init forms are evaluated sequentially“from |eft
to fright. Then each value is used as the initial value of the variable denoted by the
cofresponding identifier var, and the iteration phase begins.

Ealch iteration begins by evaluating end-test. If the result is nil, the formgsl)in the body are
evgluated sequentially (for side-effects). Afterwards, the step-forms areevaluated sequentially
ordler from left to right. Then their values are assigned to the corrésponding variables and the
nekt iteration begins. If end-test returns a non-nil value, then thie/result* are evaluated
sequentially and the value of the last one is returned as value ef.the whole for macro. If no
redult is present, then the value of the for macro is nil.

=

Expmple:

(for ((vec (vector 0 0 0 0 0))
(10 (+1 1))
((= i 5) vec)
(setf (elt vec i) 1)) = #(0 123 4)

(let ((x ’(1 357 99)
(for ((x x (cdr\x))

(sum 0, (#+/sum (car x))))
((nullx) sum))) = 25

14.7 Non-Alocal exits

1447.1\_Establishing and invoking non-local exits

ISLisP defines three ways in which to perform non-local exits:

Destination Kind Established by Invoked by Operation Performed

block name block return-from lexical exit
tagbody tag tagbody go lexical transfer of control
catch tag catch throw dynamic exit

A non-local exit, is an operation that forces transfer of control and possibly data from an
invoking special form to a previously established point in a program, called the destination of
the exit.
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A lexical exit is a non-local exit from a return-from form to a block form which contains
both lexically and dynamically, forcing the block to return an object specified in the
return-from form.

A dynamic exit is a non-local exit from a throw form to a catch form which contains it

it

dynamically (but not necessarily lexically), forcing the catch to return an object specified in the

throw form.

A lexical transfer of control is a non-local exit from a go form to a tagged point in a tagbody

form which contains it both lexically and dynamically.

bl 1 R I R | " PRCI T — — 1 " PR B L | 1
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than the destination to which control is being transferred is immediately considered invalid.

ly

(blLock name form*) — <object> spe¢ial oper
(rpturn-from name result-form) transfers control and data special oper

Ator
Ator

THe block special form executes each form sequentially from left to right,”If the last form ¢
nofmally, whatever it returns is returned by the block form.

THe name in a block form is not evaluated; it must be an identifier. The scope of name is 4
boly form*—only a return-from textually contained in some)form can exit the block. The
exfent of name is dynamic.

Xits

he

If § return-from is executed, the result-form is evaluated. If this evaluation returns normally,

the¢ value it returns is immediately returned from the innermost lexically enclosing block foi
with the same name.

refurn-from is used to return from a block} name is not evaluated and must be an identifie
blpck special form must lexically enclose‘the occurrence of return-from; the value produce
redult-form is immediately returned from the block. The return-from form never returns ai
dops not have a value.

A1l error shall be signaled if(agattempt is made to exit a block after it has been exited
(efror-id. control-error); It is a violation if name is not an identifier. It is a violation if a bl
with a corresponding ifame does not exist. See §14.7.2 for other errors.

Expmple:

(btock x
(+ 10 (return-from x 6) 22)) ;;; Bad programming style
= 6

m

r. A
1 by
nd

(defun f1 O
(block b
(let ((f (lambda () (return-from b ’exit))))
. ; big computation
(f2 £)))) = f1

(defun f2 (g)

; big computation
(funcall g)) = £2
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(f1) = exit

(block sum-block
(for ((x (1 a 2 3) (cdr x))
(sum 0 (+ sum (car x))))
((null x) sum)
(cond ((not (numberp (car x))) (return-from sum-block 0)))))
= 0

(defun bar (x y)

(let ((foo #’car))
(let ((result
(block bl
(setq foo (lambda () (return-from bl ’first-exit))")
(if x (return-from bl ’second-exit) ’third-exit))))
(if y (funcall foo) nil)

result))) = bar

(bar t nil) = second-exit

(bar nil nil) = third-exit

(bar nil t) an error shall be signaled

(bar t t) an error shall be signaled
(cptch tag-form form*) — <object> special operptor
(throw tag-form result-form) transfers control and data special operptor
THe special forms catch and throw previde a facility for programming of structured non-lodal
dypamic exits. A catch form and athrow form are said to correspond if the tag-form of the
catch and the tag-form of the threw evaluate to the same object, a catch tag. A catch tag|may

be

TH
ea
ret]

Pr
the
dis
the

any object other than a ndmber or a character; the comparison of catch tags uses eq.

e catch special form first evaluates the tag-form to produce a catch tag, and then executs
h form sequentiallyfrom left to right. If execution of the forms finishes normally, whatey
urned by the lagt form is returned by the catch form.

or to execution of the forms of a catch form Cj, an association between the catch tag Tg
executing/form Cj is dynamically established, upon exit from Cy, the association is

estaplished. If there was an outer association for the same catch tag Tp, it is hidden durin
egecution of Cy’s forms; only the most recently established (i.e., innermost) association

PS

er is

and

2
ifor

Ty

isvever visible

If a throw special form is executed, it evaluates the tag-form producing a catch tag T, and then
evaluates the result-form producing a result R;. If there is a corresponding association between
Ty and some catch form C; that is executing, Ry is immediately returned as the value of C;.
The throw form can be anywhere in the entire current toplevel scope; it need not be lexically
contained within Cj.

An error shall be signaled if there is no outstanding catcher for a Ty (error-id. control-error).
See §14.7.2 for other errors.

44
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Example:

(defun foo (x)
(catch ’block-sum (bar x))) = foo

(defun bar (x)
(for ((1 x (cdr 1))
(sum O (+ sum (car 1))))
((null 1) sum)
(cond ((not (numberp (car 1))) (throw ’block-sum 0)))))

Oal
(foo (1 2 3 4)) = 10
(foo (1 2 a 4)) =0
(thgbody {tagbody-tag | form}*) — <object> special operptor
(gp tagbody-tag) transfers control special operptor

ta]
ex

Th
Ay
be
is

ap
Th

At
to
thd

A
ref
trg

Th

pr
is

bbody executes the forms sequentially from left to right, discarding their values. If the
bcution of the last form completes normally, nil is returfied by the tagbody special form.

e series of tagbody-tags and forms is collectively referred to as the body of a tagbody fory
identifier tagbody-tag that appears at toplevel ‘6f-the body denotes a tagbody tag that
used with go to transfer control to that point/in the body. Any compound form that app
aken as a form. Literals are not permittediat the toplevel of a tagbody. No tagbody-tag 1
bear more than once in the tags in the body.

e namespace used for tagbody tags,is distinct from that used for block tags.

any point lexically contained(in the tagbody a form (go tag) can be used to transfer cor
a tag tag that appears arhong the tagbody-tags, except where a tag is shadowed according
lezical principle (see §11.1).

fagbody-tag established by tagbody has lexical scope, but the point in the program to whi
ers has dynamic extent. Once tagbody has been exited, it is no longer valid to use go to
nsfer to any,tag in its body.

e detemmination of which elements of the body are tagbody-tags and which are forms is m
or to_any macro expansion of that element. If form is a macro form and its macro expans

P

Can
ears
hay

trol
to

ich it

ade
ion

symbol or literal, that atom is treated as a form, not as a tagbody-tag.

It is a violation if a tagbody tag is other than an identifier. See §14.7.2 for other errors.

Note: As a stylistic matter, programmers are not encouraged to use tagbody and go in everyday

programming. The primary uses for which these forms are intended are for implementing other control

abstractions (using macros), and for the occassional real-world situation that uses unstructured

imperative transfer of control (such as a finite state machine).
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Ex

ample:

(defmacro with-retry (:rest forms)
(let ((tag (gensym)))
“(block ,tag
(tagbody
,tag
(return-from ,tag
(flet ((retry O (go ,tag)))
,@forms))))))
= with-retry

14

(let ((1 -5))
(with-retry
;; if-error is a hypothetical error correction function
;3 not supplied by ISLISP.
(if-error (sqrt (setq i (+ i 4)))
(retry))))
= 1.7320508075688772

7.2 Assuring data consistency during non-local exits

(uhwind-protect form cleanup-form*) — <object> special operptor
unpind-protect first evaluates form. Evaluatie®’ of the cleanup-forms always occurs, regardless
of whether the exit is normal or non-local.

If the form exits normally yielding a value R, then if all of the cleanup-forms exit normally fhe
valjue R is returned by the unwind<protect form.

If & non-local exit from form eeeurs, then the cleanup-forms are executed as part of that exit,

arn

TH
o
de

un

=

An

a 1

1 then if all of the cleanup-forms exit normally the original non-local exit continues.

e cleanup-forms areevaluated from left to right, discarding the resulting values. If execut
the cleanup-forms finishes normally, exit from the unwind-protect form proceeds as
cribed above.tIt.is permissible for a cleanup-form to contain a non-local exit from the
wind-protéet form, subject to the following constraint:

error'shall be signaled if during execution of the cleanup-forms of an unwind-protect fd
jon<local exit is executed to a destination which has been marked as invalid due to some d

no

ion

ther

h-lo¢al exit that is already in progress (see §14.7.1) (error-id. control-error).

Note: Because ISLISP does not specify an interactive debugger, it is unspecified whether or how error

recovery can occur interactively if programmatic handling fails. The intent is that if the ISLIsP

processor does not terminate abnormally, normal mechanisms for non-local exit (return-from, throw, or

go) would be used as necessary and would respect these cleanup-forms.

Example:

46

(defun foo (x)
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(catch ’duplicates
(unwind-protect (bar x)
(for ((1 x (cdr 1)))
((null 1) ’unused)
(remove-property (car 1) ’label)))))
= foo

(defun bar (1)
(cond ((and (symbolp 1) (property 1 ’label))
(throw ’duplicates ’found))
((symbolp 1) (setf (property 1 ’label) t))
((bar (car 1)) (bar (cdr 1)))

(t nil)))

= bar
(foo ’(a b ¢)) =t
(property ’a ’label) = nil
(foo ’(a b a c)) = found
(property ’a ’label) = nil
(defun test ()

(catch ’outer (test2))) = test

(defun test2 ()
(block inner
(test3 (lambda ()
(return-from inner 7))
= test2

(defun test3 (fun)
(unwind-protect (test4)\\(funcall fun)))
= test3

(defun testd ()
(throw ’outer (6)) = test4d

(test) = an error shall be signaled

In|the testrexample, the throw executed in test4 has as destination the catcher established in

tept. Thewunwind-protect in test3 intercepts the transfer of control and attempts to execfite a
repurn-from from the block in test2. Because this block is established within the dynamic
extent.of the destination catcher, an error is signaled.

15 Objects

15.1 Defining classes

The defclass defining form is used to define a new named class.
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The definition of a class includes the following;:

e The name of the new class.

The list of the direct superclasses of the new class.

slot options. A slot option pertains only to a single slot. A class definition must not
contain two slot specifiers with the same name.

A set of class options. Each class option pertains to the class as a whole.

A set of slot specifiers. Each slot specifier includes the name of the slot and zero or more

THe slot options and class options of the defclass defining form provide mechanisms dfor-th
following:

e Supplying a default initial value form for a given slot.

storing slot values and inquiring whether a value is bound to the‘slot.

e Indicating that the metaclass of that class is to be other thafthe default.

e Requesting that methods for generic functions be automatically generated for retrievir

197

g or

(dpfclass class-name (sc-name*) (slot-spec™) classcopt™) — <symbol> defining oper

ator

Where:

cldss-name = identifier

sciname n= identifier

sldt-spec = slot-name | (slot-name slot-opt™)

slqt-name = identifier

sldt-opt = (xpeader reader-function-name |
:writer writer-function-name |
:accessor reader-function-name |
:boundp boundp-function-name |
:initform form |
:initarg enitarg-name

mdtarg-nange = identifier

reqder-function-name = identifier

writep-function-name = identifier

bolindp-function-name ::= identifier

class-opt = (:metaclass class-name) |
(:abstractp abstract-flag)

abstract-flag n= t|mnil

The defclass defining form returns the symbol named class-name as its result.

The class-name argument is an identifier which becomes the name of the new class. The defining

point of the class-name is the end of the defclass defining form.
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Each superclass name argument sc-name is an identifier that specifies a direct superclass of the
new class. The new class will inherit slots and their :reader or :writer or :accessor methods
from each of its superclasses. See §15.1.3 for a definition of how slots are inherited, and §15.2.3

for a definition of how methods are inherited. No sc-name may appear more than once in super
class names. It is a violation if the superclasses of any two direct superclasses sc-name have
superclasses other than <standard-object> and <object> in common unless a metaclass other
than <standard-class> is specified.

Each slot-spec argument is the name of the slot or a list consisting of the slot name followed by
zero or more slot options. The slot-name argument is an identifier that is syntactically valid for
use as an ISLisp variable name. No slot names may appear more than once in slot-spec

Th

e following slot options are available:

The :reader slot option specifies that an unqualified method with the parameter proff
((z class-name)) is to be defined on the generic function named readersfunction-na
retrieve the value of the given slot. The :reader slot option may be specified more th:
once for a given slot.

The :writer slot option specifies that an unqualified method,with the parameter profi
((y <object>) (z class-name)) is to be defined on the géneric function named

writer-function-name to store the value into the slot. The writer-function-name argun
is an identifier. The :writer slot option may be specified more than once for a given g

The :accessor slot option specifies that an unqualified method is to be defined on thd
generic function named reader-function-name £ retrieve the value of the given slot.
Furthermore, there is a generic function such\that (setf (reader-function-name x)
equivalent to calling this generic function with first argument y and second argument
This generic function is extended by a method with the parameter profile ((y <objec
(z class-name)). The reader-function-name argument is an identifier. The :accesso
slot option may be specified more than once for a given slot.

The :boundp slot option specifies that an unqualified method with the parameter prof
((z class-name)) is to be-defined on the generic function named boundp-function-nanj
test whether the givensslot has been given a value. The :boundp slot option may be
specified more than onceé for a given slot.

The :initformslot option is used to provide a default initial value form to be used in|
initialization (ofythe slot. The :initform slot option may be specified once at most for
given slot. TFhis form is evaluated every time it is used to initialize the slot. The lexic
scope of the identifiers used in the initialization of the slot is the lexical scope of those
identifiers in the defclass form. Note that the lexical scope refers both to variable anl
function identifiers. In contrast, the current dynamic bindings used are those existing
during activation of create. For more information, see §15.4.1.
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The :initarg slot option declares an initialization argument named initarg-name and
specifies that this initialization argument initializes the given slot. If the initialization

argument and associated value are supplied in the call to initialize-object, the value

will be stored into the given slot and the slot’s :initform slot option, if any, is not
evaluated. If none of the initialization arguments specified for a given slot has a value,

the

slot is initialized according to the :initform option, if specified. The consequences are
undefined if more than one initialization argument for the same slot is supplied. For more

information, see §15.4.1.

© ISO/IEC 2007 — All rights reserved

49


https://iecnorm.com/api/?name=021c1491ed7569c1785aeb14bf1f0341

ISO/IEC 13816:2007(E)

The generic functions, to which the methods created by the :reader, :writer, and :accessor
slot options belong are called slot accessors.

No implementation is permitted to extend the syntax of defclass to allow (slot-name form) as
an abbreviation for (slot-name :initform form).

Each class option is an option that refers to the class as a whole. The following class options are

available:

e The :metaclass class option is used to specify that instances of the class being defined are
to-have a-differentmetaclassthan the default provided by the system—thatis—differen

from the class <standard-class>. The class-name argument is the name of the desirdd
metaclass. The :metaclass class option may be specified once at most. It is a violatign if
<built-in-class> is specified as the metaclass.

e The :abstractp class option is used to specify that the class is an abstragt, class. If tHis
option is supplied and abstract-flag is t, create will signal an error if an_attempt is mpde
to create an instance of this class. If the option is unsupplied, or if @mbstract-flag is nil| the
class is not an abstract class. It is a violation if the abstract-flag iS/siipplied but is neither t
nor nil.

THe following rules of defclass hold for standard classes:

e The defclass defining form must be in the scop& of any superclass identifier it refers fo.
e All the superclasses of a class must be definéd-before an instance of the class can be made.

e Any reference to class-name as a paraniefer specializer in a defmethod form must be i the
scope of class-name. That is, a defméthod form that names a class must textually follpw
the defclass form that defines that’class.

A1l 1SLisP processor may be extended to cover situations where these rules are not obeyed.
THese extensions shall be implementation defined.

Sojne slot options are inherited by a class from its superclasses, and some can be shadowed ¢r
altlered by providing @ local slot description. No class options are inherited. For a detailed
degcription of how slots and slot options are inherited, see the section §15.1.3.

—_—

If ho slot aceessors are specified for a slot, the slot cannot be accessed.

When & class is defined, the order in which its direct superclasses are mentioned in the definfing
fom%i$ smportant. The new class has a local precedence order, which is a list consisting pf

1 £ 11 1.1 i 1 " 1 . | 1 — 1 L3 Tl 1.Cc
thb CIass TOIIUWEU Dy ILS UIITCL SUPTTUIASSTS 11T UIIT UTTUTCT  HICIITIUIICU TN ILS US 1T L4dsS UCHIIIIE T 1.

15.1.1 Determining the class precedence list

The defclass defining form for a class provides a total ordering on that class and its direct
superclasses. This ordering is called the local precedence order. It is an ordered list of the class
and its direct superclasses. The class precedence list for a class C is a total ordering on C' and
its superclasses that is consistent with the local precedence orders for each of C' and its
superclasses.
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The class precedence list is always consistent with the local precedence order of each class in the
list. The classes in each local precedence order appear within the class precedence list in the
same order.

Let C4, ..., C), be the direct superclasses of C' in the order defined in the defclass defining form
for C. Let Py,..., P, be the class precedence lists for C, ..., C),, respectively. Define P - Q) on
class precedence lists P and @ to be the two lists appended. Then the class precedence list for C'
is C- Py -...- P, with duplicate classes removed by repeated application of the following rule: If
a class appears twice in the resulting class precedence list, the leftmost occurrence is removed.

It is a violation if an attempt is made to define an instance of <standard-class> whose direct
SUPCTCIASSES TAvVe CIass Precedence 18tS WitlT Classes other tian <standard-object> and

<opject> in common.

15.1.2 Accessing slots

Slgts can be accessed by use of the slot accessors created or modified by the defclass defining
form.

THe defclass defining form provides syntax for generating methodsto retrieve and store slgt
values. If a reader is requested, a method is automatically generated for retrieving the valug of
th¢ slot, but no method for storing a value into it is generated. If a writer is requested, a
mdthod is automatically generated for storing a value into\the slot, but no method for retrigving
its| value is generated. If an accessor is requested, a method for retrieving the value of the dlot

anfl a method for storing a value into the slot are autematically generated.

When a reader or writer is specified for a slot, thé name of the generic function to which the
geherated method belongs is directly specified-'If the name specified for the writer option is|the
idgntifier name, the name of the generic function for storing a value into the slot is the identifier
najme, and the generic function takes two arguments: the new value and the instance, in that
ordler. If the name specified for the dccessor option is the identifier name, the name of the
geteric function for retrieving thelslot value is the identifier name, and storing a value into the
slat can be done by using the'syntax (setf (name instance) new-value).

A peneric function created or modified by supplying reader, writer, or accessor slot options i
digect instance of <standard-generic-function>.

1
&

1511.3 Inhéritance of slots and slot options

THe sef_of ‘the names of all slots accessible in an instance of a class C' is the union of the sety of
nafnes,of slots defined by C and its superclasses. The structure of an instance is the set of
names ol slots Il that Instance.

In the simplest case, only one class among C' and its superclasses defines a slot with a given slot
name. If a slot is defined by a superclass of C, the slot is said to be inherited. The
characteristics of the slot are determined by the slot specifier of the defining class.

In general, more than one class among C' and its superclasses can define a slot with a given

name. In such cases, only one slot with the given name is accessible in an instance of C, and the
characteristics of that slot are a combination of the several slot specifiers, computed as follows:
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e All the slot specifiers for a given slot name are ordered from most specific to least specific,
according to the order in C’s class precedence list. All references to the specificity of slot

specifiers immediately below refer to this ordering.

e The default initial value form for a slot is the value of the :initform slot option in the
most specific slot specifier that contains one. If no slot specifier contains an :initform slot

option, the slot has no default initial value form.

The :reader, :writer, and :accessor slot options create methods rather than define the
characteristics of a slot. Reader and writer methods are inherited in the sense described in the
section §15.2.3.
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.2 Generic functions

ceneric function is a function whose application behavior depends on thé classes of the
uments supplied to it. A generic function object contains a set of methods; a lambda-list
thod combination type, and other information. The methods define the-class-specific behs
 operations of the generic function; a method is said to specializea“generic function. W
oked, a generic function executes a subset of its methods based-on-the classes of its argum|

beneric function can be used in the same ways that an ordinary function can be used.

a
vior
hen

ents.

method consists of a method function, a lambda list,\a/sequence of parameter specializers

t specify when the given method is applicable, and & sequence of qualifiers that is used

method combination facility to distinguish among methods. Each required formal param
pach method has an associated parameter specializer, and the method is invoked only on
uments that satisfy its parameter specializérs.

e method combination facility controls‘the selection of methods, the order in which they
ivated, and the value that is returned by the generic function. ISLisP provides a default

thod combination type but does™not provide a facility for declaring new types of method
mbination.

ke an ordinary ISLisp function, a generic function takes arguments, performs a series of
brations, and returns.a value. An ordinary function has a single body of code that is alwa
bcuted when the fungtion is called. A generic function has a set of bodies of code of which
h-empty subset 1s-selected for execution. The selected bodies of code and the manner of t
nbination ar&détermined by the classes of the arguments to the generic function and by i
thod combination type.

by
pter

pre
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eneric-function-p obj) — boolean fung

tion

Returns t if obj is a generic function; otherwise, returns nil. obj may be any ISLiSP object.

15

.2.1 Defining generic functions

Some forms specify the options of a generic function, such as the type of method combination it
uses. These forms will be referred to as “forms that specify generic function options.” These
forms are the defgeneric defining forms.
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Some forms define methods for a generic function. These forms will be referred to as
“method-defining forms.” These forms are the defmethod and defclass defining forms.

During preparation for execution, a defmethod form must be preceded by the defgeneric form
for the generic function to be specialized. (Methods implicitly defined by defclass due to
:reader, :writer, or :accessor options do not need a preceding defgeneric.)

(defgeneric func-spec lambda-list {option | method-desc}*) — <symbol>defining operator

Whterer
fumc-spec n= identifier | (setf identifier)
lambda-list = (var* [&rest var]) |
(var* [:rest wvar])
oplion = (:method-combination {identifier | keyword}) |
(:generic-function-class class-nanie)
method-desc = (:method method-qualifier* parametef-profile form™)
mdthod-qualifier n= identifier | keyword
pafameter-profile n= {war | (var parameter-speciglizer-name) }* [{&rest | :frest}var])
pafameter-specializer-name = class-name
cldss-name n= identifier
va n= identifier

THe defgeneric defining form is used to define atgeneric function and to specify options anfl
deglarations that pertain to a generic function a§ja whole.

It peturns the generic function name func-gpec.
THe scope of the generic function identifier func-spec is the entire current toplevel scope.
THe lambda-list argument is an ordinary function lambda-list.

THe following options are provided. A given option may occur only once.

e The :generilc-function-class option specifies that the generic function is to have a
different elags’ from the default provided by the system, that is, different from the class
<standard-generic-function>. The class-name argument is the name of a class tha{ can
be the.class of a generic function.

o/The :method-combination option is followed by a symbol or keyword that names a type
of method combination. The names of the built-in method combination types are nil hnd
standard.

The method-desc arguments define methods that will belong to the generic function, as if defined
by defmethod. The method-qualifier and parameter-profile arguments in a method description
are the same as for defmethod. The form arguments specify the method body.

If no method descriptions are specified, a generic function with no methods is created. An error
shall be signaled if a generic function is called and no methods apply.
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The lambda-list argument of defgeneric specifies the shape of lambda-lists for the methods on
this generic function. All methods on the resulting generic function must have parameter-profiles
that are congruent with this shape. For further details on method congruence, see §15.2.2.2.

Implementations can extend defgeneric to include other implementation-defined options.

15.2.2 Defining methods for generic functions

(defmethod func-spec_method-qualifier™ parameter-profile form*)

—|<symbol> defining operptor

Where:

funpc-spec = identifier | (setf identifier)

mdthod-qualifier .= identifier | keyword

pafameter-profile = {war | (var parameter-specializér>name) }* [{&rest || :rest} var])
patameter-specializer-name = class-name

cldss-name = identifier

va n= identifier

THe defmethod defining form defines a method on a_generic function. It returns the generic
fulction name func-spec.

A method-defining form contains the code thati&’to be executed when the arguments to the
geteric function cause the method that it defines to be invoked.

[¢]

Prpparing a method-defining form for execution causes one of the following cases:

e [t is a violation if the giveri,;name func-spec already designates a generic function and {his
generic function contains'a method that agrees with the new one on parameter specialjzers
and qualifiers. For a ‘definition of one method agreeing with another on parameter
specializers and _dualifiers, see the section §15.2.2.1.

o If the given tame func-spec designates a generic function and this generic function doeg not
contain a«method that agrees with the new one on parameter specializers and qualifierg,
the newvmnethod is added to the generic function.

e [t istarviolation if the defmethod defining form is in the scope of a func-spec identifier [that
doees not designate a generic function.

vttt M A vt

immediately containing the defmethod defining form. Furthermore, it is a violation if a
defgeneric form for func-spec does not precede the method-defining form in the text unit
being prepared for execution unless the method-defining form is a defclass.

The parameter-profile of the method being defined must be congruent with the lambda-list of
the generic function. See §15.2.2.2 for a definition of congruence in this context.

Each method-qualifier argument is an object that is used as an attribute to the given method by
method combination. A method qualifier is a non-nil symbol or keyword. The method

54 © ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=021c1491ed7569c1785aeb14bf1f0341

ISO/IEC 13816:2007(E)

combination type further restricts what a method qualifier may be. The standard method
combination type allows for unqualified methods or methods whose sole qualifier is one of the
keywords :before, :after, :around.

The parameter-profile argument is like an ordinary function lambda-list except that the names of
required parameters can be replaced by specialized parameters. A specialized parameter is a list
of the form (wariable-name parameter-specializer-name). Only required parameters may be
specialized. A parameter specializer name is an identifier that names a class. If no parameter
specializer name is specified for a given required parameter, the parameter specializer defaults to
the class named <object>.

THe Jorm argumients Specily the metnoa pody.

N two methods with agreeing parameter specializers and qualifiers may be defined fof the dame
getferic function. See the section §15.2.2.1 for a definition of agreement in this context:

A method is not a function and cannot be invoked as a function.

15.2.2.1 Agreement on parameter specializers and qualifiers\ " T'wo methods are sgid
to [agree with each other on parameter specializers and qualifiers if the' following conditions hold:

1. Both methods have the same number of required parameters. Suppose the parameter
specializers of the two methods are Py ;... P, and¥% 1 ... Po .

2. For each 1 <13 <mn, P;; agrees with P ;. Theparameter specializer P, ; agrees with Fp; if
Py ; and P»; denote the same class. Otherwise’P; ; and P»; do not agree.

3. The qualifiers of both methods, if any, ate'the same.

THe parameter specializers are derived~from the parameter profiles as described above.

1512.2.2 Congruent lambda-lists for all methods of a generic function These rules
define the congruence of a setof lambda-lists, including the parameter profile of each methofl for
a given generic function and the lambda-list specified for the generic function itself, if given.

1. Each lambda-list must have the same number of required parameters.

2. If anylambda-list mentions &rest or :rest, each lambda-list must mention &rest or
:rest.

15.2.3 Inheritance of methods

A subclass inherits methods in the following sense: Any method applicable to all instances of a
class is also applicable to all instances of any subclass of that class, since they are also instances
of that class.

The inheritance of methods acts the same way regardless of whether the method was created by

using the defmethod form or by using one of the defclass options that causes methods to be
generated automatically.
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15.3 Calling generic functions

When a generic function is called with particular arguments, it must determine the code to
execute. This code is called the effective method for those arguments. The effective method is
a combination of the applicable methods in the generic function, which might be some or all of
the defined methods. An error shall be signaled if a generic function is called and no methods

apply.

When the effective method has been determined, it is invoked with the same arguments that
were passed to the generic function. Whatever value it returns is returned as the value of the
generic function

THe effective method is determined by the following three-step procedure:

1. Select the applicable methods.

-+

2. Sort the applicable methods by precedence order, putting the most speecific method fir

3. Apply applicable methods according to the method combination,

15.3.1 Selecting the applicable methods

Gipen a generic function and a set of arguments, an applicable method is a method for tHat
geteric function whose parameter specializers aresatisfied by their corresponding arguments.
THe following definition specifies what it means for'a method to be applicable and for an
argument to satisfy a parameter specializer.

Lep (Aq,..., Ay) be the required argumeibs to a generic function in order. Let (P, ..., P,) pe
th¢ parameter specializers corresponding to the required parameters of the method M in order.
THe method M is applicable whetieach A; satisfies P;. If A; is an instance of a class C, then
it Is said that A; satisfies P; whetwC = P; or when C' is a subclass of P;.

A method all of whose parantéter specializers are the class named <object> is called a defajult
method; it is always applicable but might be shadowed by a more specific method.

Mg¢thods can have \qualifiers, which give the method combination procedure a way to
digtinguish ameng methods. A method that has one or more qualifiers is called a qualified
method. A-ndéthod with no qualifiers is called an unqualified method. Any object after
:mpthod _and-before the first list in method-desc is regarded as a qualifier, but only non-nil
symbol§ and keywords are accepted as qualifiers. The qualifiers defined by standard method
copnbiniation are keywords.

15.3.2 Sorting the applicable methods

To compare the precedence of two methods, their parameter specializers are examined in order.
The examination order is from left to right.

The corresponding parameter specializers from each method are compared. When a pair of
parameter specializers are equal, the next pair are compared for equality. If all corresponding
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parameter specializers are equal, the two methods must have different qualifiers; in this case,
either method can be selected to precede the other.

If some corresponding parameter specializers are not equal, the first pair of parameter
specializers that are not equal determines the precedence. The more specific of the two methods
is the method whose parameter specializer appears earlier in the class precedence list of the
corresponding argument. Because of the way in which the set of applicable methods is chosen,
the parameter specializers are guaranteed to be present in the class precedence list of the class of
the argument.

The resulting list of applicable methods has the most specific method first and the least specific
mdthod 1ast.

15.3.3 Applying methods

In [general, the effective method is some combination of the applicable methods! It is defined by
a fporm that contains calls to some or all of the applicable methods, returns the value that will be
reffurned as the value of the generic function, and optionally makes soin€ of the methods
acgessible by means of call-next-method. This form is the body of'the effective method; it
aupmented with an appropriate lambda-list to make it a functioxl.

-

S

THe role of each method in the effective method is determined-by its method qualifiers and the
sp¢cificity of the method. A qualifier serves to mark a method, and the meaning of a qualifi¢r is
defermined by the way that these marks are used by this‘step of the procedure. An error shpll
bel|signaled if an applicable method has an unrecognized qualifier.

ISlisp provides two method combination types.‘do specify that a generic function is to use ¢pne
of fthese method combination types, the name of the method combination type is given as th
argument to the :method-combination option to defgeneric.

@

THe names of the method combination types are nil and standard.

15.3.3.1 Simple method.combination In the simple case—the nil method combinatjon
type where all applicabléumethods are primary methods—the effective method calls the mos}
specific method. Thatmeéthod can call the next most specific method by using

calll-next-method. The method that call-next-method calls is referred to as the next
method. The predicate next-method-p tests whether a next method exists. An error shall [be
sighaled if call=next-method is called and there is no next most specific method.

—-

15.3¢3.2° Standard method combination Standard method combination is used if no

othe pe-onethod-combination peciied—o themethod combination standard

specified.

Primary methods define the main action of the effective method, while auxiliary methods
modify that action in one of three ways. A primary method has no method qualifiers. An
auxiliary method is a method whose method qualifier is :before, :after, or :around.

e A :before method has the keyword :before as its qualifier. A :before method specifies
code that is to be run before any primary methods.
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e An :after method has the keyword :after as its qualifier. An :after method specifies
code that is to be run after primary methods.

e An :around method has the keyword :around as its qualifier. An :around method
specifies code that is to be run instead of other applicable methods but which is able to
cause some of them to be run.

The semantics of standard method combination is as follows:

e If there are any :around methods, the most specific :around method is called. It supplies
the value of the generic function.

-+

e Inside the body of an :around method, call-next-method can be used to call the neH
method. When the next method returns, the :around method can execute mgre/code,
perhaps based on the returned value. An error shall be signaled if call-next=method fis
used and there is no applicable method to call. The function next-method~p can be uped
to determine whether a next method exists.

e If an :around method invokes call-next-method, the next most'§pecific : around method
is called, if one is applicable. If there are no :around method§ or if call-next-method is
called by the least specific :around method, the other metheds are called as follows:

e All the :before methods are called, in most-specific-firSt)order. Returned values are
ignored. An error shall be signaled if call-next-method is used in a :before method

e The most specific primary method is called. Inside the body of a primary method, the
form call-next-method can be used to call¢thie next most specific primary method. When
that method returns, the previous primary,method can execute more code, perhaps based
on the returned value. An error shall be'signaled if call-next-method is used and thqre
are no more applicable primary methods. The next-method-p function can be used tqg
determine whether a next method exists. If call-next-method is not used, only the npost
specific primary method is called.

e All the :after methods aretealled in most-specific-last order. Returned values are igngred.
An error shall be signaledNf call-next-method is used in an :after method.

=

e If no :around methods were invoked, the most specific primary method supplies the v
returned by the-generic function. The value returned by the invocation of
call-next-method in the least specific :around method is that returned by the most
specific prithary method.

ue

A1} errorsshall be signaled if there is an applicable method but no applicable primary methofl
wHilesusing standard method combination.

The :before methods are run in most-specific-first order while the :after methods are run in
least-specific-first order. The design rationale for this difference can be illustrated with an
example. Suppose class C] modifies the behavior of its superclass, Cs, by adding :before and
:after methods. Whether the behavior of the class C5 is defined directly by methods on Cs or
is inherited from its superclasses does not affect the relative order of invocation of methods on
instances of the class C;. Class C;’s :before method runs before all of class Cs’s methods.
Class Cy’s :after method runs after all of class Cy’s methods.

By contrast, all :around methods run before any other methods run. Thus a less specific
:around method runs before a more specific primary method.
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If only primary methods are used and if call-next-method is not used, only the most specific
method is invoked; that is, more specific methods shadow more general ones.

15

.3.4 Calling more general methods

(call-next-method) — <object> local function
The call-next-method function can he nsed within the hady of a method to call the next
mdthod.

It peturns the value returned by the method it calls.

THe type of method combination used determines which methods can invoke c&ll-next-method
anfl what is the next method to be called.

In
mg

Th
me
me

ca
us
va,
thq

is

Th
for
ref

Ax]
ert

the case of simple method combination where the method combination type is nil the nd
thod is the next most specific method.

e standard method combination type allows call-next-method to be used within primar
thods and :around methods. The standard method combitation type defines the next
thod as specified in §15.3.3.2.

| 1-next-method passes the current method’s original arguments to the next method. Nei
ng setq nor rebinding variables with the same%aimes as parameters of the method affect
ues call-next-method passes to the method @b calls. The call-next-method function ref
value returned by the method it calls. After call-next-method returns, further comput
ossible. The next-method-p function gan be used to test whether there is a next metho

e functional binding of call-next=method is lexical within the body of the method-defin{
m; i.e., it is as if it were established by labels. The function object to which the binding
ers has indefinite extent.

error shall be signaled if call-next-method is used in methods that do not support it.
or shall be signaled if-call-next-method is executed and there is no next method.

ther
the
urns
tion
1.

ng

(n

bxt-method=p)" — boolean local fung

tion

Th

mgq

e néxt-method-p function can be used within the body of a method defined by a

tion

thod-defining form to determine whether a next method exists. The next-method-p fund

takes no arguments and returns t or nil.

The functional binding of next-method-p is lexical within the body of the method-defining form;
i.e., it is as if it were established by labels. The function object to which the binding refers has
indefinite extent.
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15.4 Object creation and initialization

(create class {initarg initval}*) — <object> generic function

The function create creates and returns a new instance of a class. The argument is a class
object.

The initialization of a new instance consists of several distinct steps, including the following:
allocating storage for the instance, filling slots with values, and executing user-supplied methods
that perform additional initialization. The last two steps of create are implemented by the
geferic function initialize-object to provide a mechanism for customizing those stepsy The
inifialization arguments (the initargs and initvals) are given as a single list argument to
infitialize-object. The instance returned by create is the new instance, which(has been
mgdified and returned by initialize-object.

15.4.1 Initialize-object

THe generic function initialize-object is called by create to jnitialize a newly created
indtance. It uses standard method combination. Methods for initialize-object can be defined
on|user-defined classes in order to augment or override the system-supplied slot-filling
mdchanisms (described below).

During initialization, initialize-object is invoked.after a new instance whose slots are
unpound has been created.

THe generic function initialize-object is ¢alled with the new instance. There is a
sygtem-supplied primary method for initidlize-object whose parameter specializer is the
clgss <standard-object>. This method fills in the slots according to the initialization
arguments provided and according to_the :initform forms for the slots as follows:

e If the slot already has a.vAlue, no attempt is made to change that value.

e If an initialization argument and value pair for the slot was provided among the
initialization argwments, the slot is initialized with the value from that pair. The namg¢ of
the initialization argument for a slot is declared by the :initarg option to slots in
defclass. The/consequences are undefined if more than one initialization argument fof the
same slot sisupplied.

o If the\slot has a default initial value form (see defclass), that form is evaluated in th¢
lexical environment in which that form was established and in the current dynamic
environment. The result of the evaluation is an object which becomes the value of the|slot.

e Otherwise, the slot is left uninitialized.

(initialize-object instance initialization-arguments) — <object> generic function

The generic function initialize-object is called by create to initialize a newly created
instance. The generic function initialize-object is called with the new instance and a list of
initialization arguments.
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The system-supplied primary method on initialize-object initializes the slots of the instance
with values according to the initialization-arguments (an alternating list of initialization
argument keywords and values) and the :initform forms of the slots.

The instance argument is the object to be initialized. The modified instance is returned as the
result. Programmers can define methods for initialize-object to specify actions to be taken
when an instance is initialized. If only :after methods are defined, they will be run after the
system-supplied primary method for initialization and therefore will not interfere with the
default behavior of initialize-object. The consequences are undefined if a
programmer-defined primary method for this generic function does not return instance.

13.5 Class enquiry

(clLass-of obj) — <class> fundtion

Rgturns the class of which the given o0bj is a direct instance. obj may be‘any ISLisP object.

(ipstancep obj class) — boolean fundtion

Returns t if obj is an instance (directly or otherwise) of'the class class; otherwise, returns nfil
obf may be any ISLIsP object. An error shall be signaléd if class is not a class object (error-id.
donain-error).

(spbclassp class; classy) — boolean fungtion

Returns t if the class class; is a subc¢lass of the class classs; otherwise, returns nil. An erro
shall be signaled if either class; ©F classy is not a class object (error-id. domain-error).

(clLass class-name) = '\<class> special operptor

Returns the clags\object that corresponds to the class named class-name.

16 A Macros

Macros are a feature to extend the language syntactically. A macro is an abstraction for surface
transformations. Because ISLISP texts (e.g., function definitions) can be represented internally
by objects in ISLisP, the surface transformations can be described by means of list processing.
Forms are represented by conses or other objects and a macro describes a transformation
function from one group of objects onto another.

Macros can be internally defined by expander functions which implement the transformation
from one group of objects to another. The operation of an expander functions is specified by a
defmacro defining form.
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An expander receives a form as argument and returns a different form as value. The primary
activity of an expander is to create sets of nested lists; for this purpose, the backquote facility is
provided.

Macros are expanded at preparation time. No runtime information is available.

The set of usable operations is restricted to simple data structure creation and manipulation;
those operations are forbidden that cause side-effects to the environment (such as I/O to the
terminal), to externally accessible data structure (such as a modification to the property list of a

1 1 " Vi | L .l 1L
SYJIDOTI], OT tU UIIE TITaTTroO TOTTIT TUSTILT

Mgcro definitions are allowed only at toplevel. Redefinition (i.e., multiple definition) of Wractos is
forbidden. A macro’s definition must textually precede any use of that macro during preparjtion
for] execution.

THe result of expanding a macro form is another form. If that form is a macroform, it is
expanded by the same mechanism until the result is not a macro form.

When a toplevel form is a macro form, its resulting macro expansignis also considered to bg a
toplevel form.

A macro form can appear as the place specified in a setf gpeeial form. See setf on page 35.

(dpfmacro macro-name lambda-list form*) — <symbol> defining operptor

v

Ddfines a named (toplevel) macro. No implicit-block with the macro name is established when
th¢ macro-expansion function is invoked. nacro-name must be an identifier whose scope is the
cufrent toplevel scope in which the defmacro form appears. lambda-list is as defined in pagg 23.
THe definition point of macro-name @ the closing parenthesis of the lambda-list.

Expmple:

(defmacro caar(x) (list ’car (list ’car x)))

= caar
‘farm (= <object> syntax
, foras/ — <object> syntax
,Qform  — <object™> syntax

[

or quasiquote constructs a list structure. quasiquote, like quote, returns its argument
unevaluated if no commas or the syntax , (unquote) or ,@ (unquote-splicing) appear within the
form.

, (unquote) syntax is valid only within ¢ (quasiquote) expressions. en appearing within a
te) syntax is valid only within * iquot i Wh ing withi

quasiquote the form is evaluated and its result is inserted into the quasiquote structure instead
of the unquote form.
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[4

,@ (unquote-splicing) is also syntax valid only within ¢ expressions. When appearing within a
quasiquote the expression form must evaluate to a list. The elements of the list are spliced into
the enclosing list in place of the unquote-splicing form sequence.

Quasiquote forms may be nested. Substitutions are made only for unquoted expressions
appearing at the same nesting level, which increases by one inside each successive quasiquotation
and decreases by one inside each unquotation.

Example:

= (list 3 4)

(let ((name ’a)) "~ (list name ,name ’,name))
= (list name a (quote a))

“(a ,(+ 1 2) ,0(create-list 3 ’x) b)
= (a3 xxxb)

“((foo ,(- 10 3)) ,@(cdr ’(c)) . ,(car ’(coms)))
= ((foo 7) . coms)

“(a (M ,(+12) ,(foo ,(+ 1 3) d) e) )
= (a (b ,(+12) ,(foo 4 d) e) f)

(let ((namel ’x)

(name2 ’y))

“(a (b ,,namel ,’,name2 d) e))

= (a (b ,x ,’y d) e)

17T Declarations and coercions

(the class-name form) — <object> special operptor
(apsure class-name form) £ Lobject> special operptor

THese forms evaluate form. If form returns, the returned value is returned by the the or aspure
fom. In addition, theseé forms specify that the value of form is of the class specified by
cldss-name (which'mbst be the name of an existing class).

=~

Infa the specialform, the consequences are undefined if the value of form is not of the class|or a
subclass of\the class designated by class-name. In an assure special form, an error shall be
sighaled if*the value of form is not of the class or a subclass of the class designated by

—-

class~game (error-id. domain-error).

Example:
(the <integer> 10) = 10
(the <number> 10) = 10
(the <float> 10) the consequences are undefined
(assure <integer> 10) = 10
(assure <number> 10) = 10

(assure <float> 10) an error shall be signaled
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(convert obj class-name) — <object> special operator

Returns an object of class class-name which corresponds to the object 0bj according to one of
the following projections, called a coercion function. The table shows obj along the left-hand
column and class-name along the top row (with <>’s in class names omitted here only for textual
brevity

character | integer | float | symbol | string | general-vector | list
character = I - I(3) —(4) - ~
imteger I = X - X(5) - =
float - —(1) = - X(6) - -
symbol - - - = 1(3) - -
sfring - X(2) | X(2) I(3) = (M X
general-vector - — - — — \/ X
likt - - — _ _ X —
Lepend:

=|This is the identity function
X | This coercion shall be provided

X(2) An error shall be signaled if thiss¢eercion is attempted and the string does not
contain the textual representation of a number of the target class. In all other
respects, this is the same as parse-number.

X(5) This may be the same ag'the ~D format directive.
X (6) This may be the same-as the G format directive.

X(7) This is the identity if strings are vectors in the implementation.
I This coercion shall be provided, but its definition is implementation defined.

I(3) This coércion shall be provided, but its definition is implementation defined. Thg
coercidm -depends on the implementation’s neutral alphabetic characters (see §18.1.2).

— WAn error/shall be signaled if this coercion is attempted.

—(1) Programmers requiring this kind of functionality may wish to consider instead uging
one of the functions, floor, ceiling, round, or truncate.

—(4) programmers requiring this kind of functionality may wish to consider instead using
the following: (create-string 1 obj)

If an implementation provides implementation-defined classes, it may also provide
implementation-defined coercions for the names of those classes using convert.
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Example:
(convert 3 <float>) = 3.0
(convert "abc" <general-vector>) = #(#\a #\b #\c)
(convert #(a b) <list>) = (a b)

18 Symbol class

A pymbol (an instance of class <symbol>) is an object. Symbols can be named or unnamefd. A
symbol’s name is sometimes called a print name because it is used to identify the symbol
dufing reading and printing. Symbols can have associated properties.

(

2]

ymbolp obj) — boolean fungtion

Rdturns t if obj is a symbol (instance of class <symbol>); otherwise, returns nil. The obj njay
be|any ISLISP object.

Expmple:
(symbolp ’a) =t
(symbolp "a" = nil
(symbolp #\a) = nil
(symbolp ’t) =t
(symbolp t) =t
(symbolp ’nil) =t
(symbolp nil) =t
(symbolp ’()) =t
(symbolp ’*pix) =t
(symbolp *pi*) = nil

18.1 Symbol names

Symbdéls can be either named or unnamed.

There is a mapping from names to symbols. Distinct symbols (symbols that are not eq) always
have distinct names. No such mapping is defined for unnamed symbols.

The name of a symbol is represented as a string.

18.1.1 Notation for symbols
The constituent characters of a symbol’s name are described in §6.
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A named symbol is denoted by its print name enclosed within the vertical bars (“|”). However,
the enclosing vertical bars are not necessary if the symbol satisfies the following conditions:

1. The symbol’s print name consists only of neutral alphabetic characters (see §18.1.2) or the
following additional characters:

0123456789+-<>/x=7_1¢%01"{2}"
(This set may have additional implementation-defined characters.)

2. The first character of the symbol’s print name is a neutral alphabetic character or one of

oo £o11 3 L %
tIICTOTIOWITTZ— Crrar aCoeTs™

<>/ *x=72_1$%L]1~4{2}"

(This set may have additional implementation-defined characters.)

In [addition, the following are the names of symbols that can be written withoett enclosing
veftical bars:

+ - 1+ 1-

If the symbol name contains a vertical bar, the vertical bafimust be preceded by a backslash|“\”.
If the symbol name contains a backslash, the backslash-must be preceded by another backslash.
Fol example, “I\\\\\I\\\||” denotes a symbol whose'name is a 5 character string containing
bapkslash, backslash, vertical bar, backslash, verticalybar.

Néote: All required symbols can be written withgut vertical bars.
It |s implementation defined whether the@ames of symbols can contain colon (:) or amperspnd

(&]. Consequently, whether &rest and keywords (e.g., :rest, :before, and :after) are
represented as symbols or something ¢lse is implementation defined.

18.1.2 Alphabetic case in symbol names

If the enclosing verfigal bars are omitted, the case of alphabetic characters in a symbol is
trgnslated by thelreader to a canonical case that is used internally. Therefore, for example, ¢ach
of the followifig-denotes the same symbol in all implementations:

foo fol f0o £00 Foo FoO FOo FOO

Internally, alphabetic case in a symbol’s print name is maintained, and is significant. For
example, |FOO| and |fool are not the same symbol in any implementation. However, the reader
canonicalizes the case of symbols whose names are not written enclosed by vertical bars. So foo
and FOO both represent the same symbol, but it is implementation defined whether that symbol
is |fool or |FOO].

Specifically, each implementation has an implementation-defined attribute called its neutral
alphabetic case, which is either “lowercase” or “uppercase.” If the neutral alphabetic case of
an implementation is lowercase, the neutral alphabetic characters for that implementation
are defined to be as follows:
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abcdefghijklmnopgqrstuvwxyaz

Otherwise (if the neutral alphabetic case of an implementation is uppercase), the neutral
alphabetic characters for that implementation are defined to be as follows:

ABCDEFGHIJKLMNOPQRSTUVWIXYZ

Continuing again with the above example, if the neutral alphabetic case of an implementation is
lowercase, foo, FOO and |fool| denote the same symbol; otherwise, foo, FOO and |F00| denote
the same symbol.

A1l implementation may extend the set of neutral alphabetic characters to include additionall
implementation-defined characters.

18.1.3 nil and O

THe symbol nil, which represents both the false value and the empty.Jist; can also be denoted
byl O.

18.2 Symbol properties

A property of a symbol is a named association between a property indicator and a property
vajlue. A symbol s is said to have a property p if‘a@property indicator p is associated with 4.

(ppoperty symbol property-name [obj]) &= <object> fungtion

Returns the value of the property, named property-name associated with the symbol symbol.| If
syfnbol has no property named. property-name, obj (which defaults to nil) is returned.

A1 error shall be signaled if either symbol or property-name is not a symbol (error-id.
domain-error). obj may-be any ISLISP object

Expmple:

(property ’zeus ’daughter) = athena
(setf (property symbol property-name) obj) — <object> special form
(set-property obj symbol property-name) — <object> function

Causes obj to be the new value of the property named property-name asssociated with the
symbol symbol. If the property named property-name already exists, its corresponding property
value is replaced; otherwise, a new property is created. obj is returned.

An error shall be signaled if either symbol or property-name is not a symbol (error-id.
domain-error). obj may be any ISLISP object
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Example:

(setf (property ’zeus ’daughter) ’athena)
= athena

(set-property ’athena ’zeus ’daughter)
= athena

(remove-property symbol property-name) — <object>

function

Re
thd

An
do

18

moves the property property-name associated with symbol and returns the property valug
removed property if there is such a property. If there is no such property, nil Gsyreturne

error shall be signaled if either symbol or property-name is not a symbol, (érror-id.
ain-error).
pmple:
(remove-property ’zeus ’daughter) = athend
.3 Unnamed symbols

of

(gpnsym) — <symbol> fundtion
Rgturns an unnamed symbol. gensym is useful for writing macros. It is impossible for an
idgntifier to name an unnanted Symbol.

Expmple:

(defmacxro twice (x)
(et ((v (gensym)))
T(let (Gv ,x)) (+ ,v ,v)))) = twice
(twice 5) = 10

19 Number class

The class <number> has the disjoint subclasses <float> and <integer>.

68
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1 Number class

(numberp obj) — boolean

function

Returns t if obj is a number (instance of class <number>); otherwise, returns nil. The obj may
be any ISLISP object.

Example:
(numberp 3) =t
(numberp -0.3) =t
(numberp ’(a b ¢)) = nil
(numberp "17") = nil
(pprse—number string) — <number> fundtion

THe characters belonging to string are scanned (as if by read)cand’if the resulting lexeme is

tey

Ax]

signaled if string is not the textual representation ofia number (error-id. cannot-parse-numb

Expmple:

tual representation of a number, the number it represents ig) returned.

error shall be signaled if string is not a string (erret;id. domain-error). An error shall b¢
er).

(parse-number "123.34") = 123.34
(parse-number "#XFACE") = 64206
(parse-number "-37.") an error shall be signaled
(parse-number "-.5'YD an error shall be signaled
simeeNfloating-point number lexemes have
at least one mantissa digit before and at least
one mantissa digit after the decimal point.

the

=l 11 13) =>¢boolean fundtion

Re

tusns t if xl has the same mathematlcal value as xg, otherwise, returns nil. An error shalll be

Slguoucu 11 ClhllUl L1 UL L) 10 llUl/ (e lll,llllL)Ul \ULLUL 1u. U/UIII/U/&II/ c7 IUI/

Note: = differs from eql because = compares only the mathematical values of its arguments, whereas

eql also compares the representations.

Example:

4) = nil
3

~ ~
w w
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(
(

0 -0.0)

= (parse-number "134.54") 134.54) = t
0.

=

t

(/= 11 x22) — boolean

func

tion

Returns t if z; and 2o have mathematically distinct values; otherwise, returns nil. An error

shall be signaled if either x; or x5 is not a number (error-id. domain-error).

Expmple:

(/=3 4) =t

(/=3 3.0) = nil

(/= (parse-number "134.54") 134.54)= nil
(>E 21 22) — boolean fundtion
(<E 71 22) — boolean fundtion
Oz 22) — boolean fungtion
K|z 22) — boolean fungtion

is

TH

or

breater than zp. < returns t if x; is less than @.

72 is not a number (error-id. domainsérror).

hmple:

returns t if x; is greater than or = x5. <= retufasit if z; is less than or =

e mathematical values of the argumentstare compared. An error shall be signaled if eithe

To. > returns t i

fIl

I

> 22) = nil
(> 2.0 2) = nil
> 2 -10) =t
(> 100, 3) >t
(<2°2) = nil
<\t 2) = t
=2 2) =t
(>= 2.0 2) = t
(>= -1 2) = nil
(<= -1 2) =t
(k= 2 -1) = nil

In the remaining definitions in this section, any noted coercion to <float> is done as if by float

or

by (convert z <float>).

(+
(*

z*)  — <number>
z*)  — <number>

function
function

70
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The functions + and * return the sum and the product, respectively, of their arguments. If all
arguments are integers, the result is an integer. If any argument is a float, the result is a float.
When given no arguments, + returns 0 and * returns 1. An error shall be signaled if any z is not
a number (error-id. domain-error).

Example:
(+ 12 3) = 15
(+123) = 6
(+ 12 3.0) = 15.0
('r 4 U.U) 40
+) = 0
(x 12 3) = 36
(x 12 3.0) = 36.0
(x 4.0 0) = 0.0
(x 2 3 4) = 24
(%) =1

(-l z7) — <number> function

Gipen one argument, z, this function returns its additive inverse. An error shall be signaled |if
is pot a number (error-id. domain-error).

If fn implementation supports a -0.0 that isdistinct from 0.0, then (- 0.0) returns -0.0;|in
implementations where -0.0 and 0.0 are not distinct, (- 0.0) returns 0.0.

Expmple:
-1 = -1
(- -4.0) = 4.0
(- 4.0) = -4.0
(eql (- 0,0)520.0) = t
(eql (- £0-0) 0.0) =t
Giyen more-than one argument, z; ... z,, - returns their successive differences, 1 —2o— ... 1 z,.

Ay] eprorshall be signaled if any x is not a number (error-id. domain-error).

Example:
-12) = -1
(- 92 43) = 49
(- 2.3-3.00 = 5.3
(- 0.0 0.0) = 0.0
(- 345) = -6
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(quotient dividend divisor™) — <number> function
(reciprocal z) — <number> function

The function reciprocal returns the reciprocal of its argument z; that is, 1/z. An error shall be
signaled if z is zero (error-id. division-by-zero).

The function quotient, given two arguments dividend and divisor, returns the quotient of those
numbers. The result is an integer if dividend and divisor are integers and divisor evenly divides
dividend, otherwise it will be a float.

Gipen more than two arguments, quotient operates iteratively on each of the divisor; . .«
diisory, as in dividend /divisory / . .. [ divisor,. The type of the result follows from the
twp-argument case because the three-or-more-argument quotient can be defined as follows:

(quotient dividend divisor; divisors ...)
= (quotient (quotient dividend divisor;) divisors ...)

A1 error shall be signaled if dividend is not a number (error-id. domain-error). An error shgll be
signaled if any divisor is not a number (error-id. domain-error®). An error shall be signaled {f
any divisor is zero (error-id. division-by-zero).

—-

Expmple:

(reciprocal 2) = 0.5

(quotient 10 5) = 2

(quotient 1 2) = 0.5

(quotient 2 -0.5) = -4.0

(quotient 0 0.0) amwerror shall be signaled

(quotient 2 3 4) = 0.16666666666666666
(mpx zT) — <number> fungtion
(mfin zT) — <pumber> fungtion

THe function-min returns the least (closest to negative infinity) of its arguments. The
cofnparisen is done by <.

T £ i 4 41 PSRN | ot i raaaadaz ) oL 24 4 2 nl
C TUIIUUVIUIT HIAA TUUULLLS UITT 5L\_/u}U\JDU \L/J.UDL/DU vy PUD‘UJ.V\_/ 1111111111}} UL 10O LA/J.&\JJ.J.L\JJ.J.\/D. L IIC

comparison is done by >.

An error shall be signaled if any x is not a number (error-id. domain-error).

Example:
(max -5 3) = 3
(max 2.0 3) = 3
(max 2 2.0) = 2 or 2.0 (implementation-defined)
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(max 1 5 2 4 3) = 5
(min 3 1) =1
(min 1 2.0) =1
(min 2 2.0) = 2 or 2.0 (implementation-defined)
(min 1 5 2 4 3) =1
(abs ) — <number> function

THe function abs returns the absolute value of its argument. An error shall be signaled if  |i
nop a number (error-id. domain-error).

wn

Expmple:
(abs -3) = 3
(abs 2.0) = 2.0
(abs -0.0) = 0.0
(ekp z) — <number> fundtion

Returns e raised to the power z, where e is the Base of the natural logarithm. An error shall be
sigmaled if z is not a number (error-id. domgaiu-error).

Expmple:

(exp 1) = 2.718281828459045

(exp 2) = 7.38905609893065

(exp 1.23) = 3.4212295362896734

(exp 0) = 1 or 1.0 (implementation-defined)
(1pg =) <= _<number> fundtion

At 1.1 atlaon of A crror cboll Lo cionolad if ia—aat PN

oo 41 1 = cadaiss
Reluins-thenaturalosarithm-of a—An errorshell be-sienaled-Haic-not-a-positivenmbes

(error-id. domain-error).

Example:
(log 2.718281828459045) = 1.0
(log 10) = 2.302585092994046
(log 1) = 0 or 0.0 (implementation-defined)
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(expt a1 22) — <number>

function

Returns z; raised to the power xo. The result will be an integer if z; is an integer and x5 is a
non-negative integer. An error shall be signaled if x7 is zero and xo is negative, or if x; is zero
and x5 is a zero float, or if z; is negative and x5 is not an integer.

Example:
(oaxpt 2 1) g
(expt -100 2) = 10000
(expt 4 -2) = 0.0625
(expt 0.5 2) = 0.25
(expt z 0) =1 if x is an integer
(expt z 0) = 1.0 ifzis a float
(expt -0.25 -1) = -4.0
(expt 100 0.5) = 10.0
(expt 100 -1.5) = 0.001
(expt z 0.0) = 1.0 if z is'w positive float
(expt 0.0 0.0) an error shall be signaled
(sprt z) — <number> fundtion

Rgturns the non-negative square root of z._Airerror shall be signaled if z is not a non-negatlive
nupnber (error-id. domain-error).
Expmple:
(sqrt 4) = 92
(sqrt 2) = 1.4142135623730951
(sqrt -1) an error shall be signaled
*phi*x —«<float> named consfpant

The value of this constant is an approximation of .

Example:

74

*pi*

= 3.141592653589793
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(sin z) — <number> function
(cos ) — <number> function
(tan z) — <number> function

The function sin returns the sine of . The function cos returns the cosine of z. The function
tan returns the tangent of z. In each case, £ must be given in radians.

An error shall be signaled if z is not a number (error-id. domain-error).

Example:
;; Note that conforming processors are permitted to vary
;; in the floating precision of these results.
(sin 1) = 0.8414709848078965
(sin 0) = 0 or 0.0 (implemegitation-defined)
(sin 0.001) = 9.999998333333417E-4
(cos 1) = 0.5403023058681398
(cos 0) = 1 or 1.0 (inplementation-defined)
(cos 0.001) = 0.9999995000000417
(tan 1) = 1.557407%724654902
(tan 0) = 0 or 030 (implementation-defined)
(tan 0.001) = 0.0010000003333334668
(afan z) — <number> fundtion

Rgturns the arc tangent of z.
THe result is a (real) number that*lies between —m/2 and 7/2 (both exclusive).

THe following definition for (one-argument) arc tangent determines the range and branch cufs:

log (1 +ix) — log (1 —ix)
2

arctan xr =

A1 error shal} be signaled if z is not a number (error-id. domain-error).

(afan?2 z; x2) — <number> fungtion

Given a point (z2,21) in rectangular coordinates, this function returns the phase of its
representation in polar coordinates. If x; is zero and x5 is negative, the result is positive. If x;
and x5 are both zero, the result is implementation defined.

An error shall be signaled if z is not a number (error-id. domain-error).

The value of atan2 is always between —n (exclusive) and 7 (inclusive) when minus zero is not
supported; when minus zero is supported, the range includes —.
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y Condition =z Condition Cartesian locus Range of result

y=20 z >0 Positive x-axis 0
* y=+40 x>0 Positive x-axis  +0
y=—0 x>0 Positive x-axis  —0
y>0 x>0 Quadrant I 0 < result < 7/2
y>0 z=0 Positive y-axis ~ 7/2
y>0 x <0 Quadrant II m/2 < result < 7
y=20 z <0 Negative x-axis 7
* y=+0 z <0 Negative x-axis 7
* y=-0 <0 Negative x-axis —
Yy G L G Quadld,u‘b III = J.UDU}L = /2
y<0 z=0 Negative y-axis —7/2
y <0 x>0 Quadrant IV —m/2 < result <0
y=20 z=0 Origin implementation defined
* y=+0 z=-+0 Origin +0
* y=-0 x =40 Origin -0
*y=+40 x=-0 Origin T
* y=-0 xz=-0 Origin -

Figure 3. Quadrant information for d&tan2

THe signs of z; (indicated as y) and zy (indicated as z) are uéed to derive quadrant informagion.
Figure 19.1 details various special cases. The asterisk (*)-ir{dicates that the entry in the figure
applies to implementations that support minus zero.

Expmple:
(atan2 0 3.0) = 0 or 0.0 (implementation-defined)
(atan2 1 1) = 0.7853981633974483
(atan2 1.0 -0.3) = 1.86225631212727635
(atan2 0.0 -0.5) = 3.141592653589793
(atan2 -1 -1) = -2.356194490192345
(atan2 -1.0 0.3) = -1.2793396
(atan2 0.0 0.5) = 0.0

(defun asin/(x) (atan2 x (sqrt (- 1 (expt x 2))))) = asin
(defuntacos (x) (atan2 (sqrt (- 1 (expt x 2))) x)) = acos

(défun atan (x) (atan2 x 1)) = atan

(sinh z) — <number> function
(cosh ) — <number> function
(tanh ) — <number> function

The function sinh returns the hyperbolic sine of x. The function cosh returns the hyperbolic
cosine of . The function tanh returns the hyperbolic tangent of z.

An error shall be signaled if z is not a number (error-id. domain-error).
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Example:

(sinh 1)
(sinh 0)
(sinh 0.001)
(cosh 1)
(cosh 0)
(cosh 0.001)
(tanh 1)
(tanh 0)

ISO/IEC 13816:2007(E)

.1752011936438014

or 0.0  (implementation-defined)
.001000000166666675
.5430806348152437

or 1.0  (implementation-defined)
.0000005000000416
.7615941559557649

or 0.0  (implementation-defined)

R R R A
QP OO, Pk, P, OO

(tallll U.UU1l)

. JIIIIO00000OCVUVULL=Z

(akanh z) — <number>

fundtion

Rgturns the hyperbolic arc tangent of z. An error shall be signaled if: <€ not a number wit

abpolute value less than 1 (error-id. domain-error).

Expmple:

(atanh 0.5)
(atanh 0)
(atanh 0.001)

(defun asinh (x) (atanh (quotient x

19.2 Float class

THis class represents’the set of floating-point numbers. Each floating-point number is represq
by|a rational mumber with some given precision; see IEEE standard 754-1985 for details.

Flpating<point numbers are written in one of the following formats:

(defun acosh (x) (atanh {(guotient (sqrt (x (- x 1) (+ x 1))) x))) =

=,/075493061443340549
= 0 or 0.0 (implementation-defined)
= 0.0010000003333335335

(sqrt (+ 1 (expt x 2)))))) = asjnh

where s is either “+” or “-” and dd...d is at least one digit from “0”—“9”.

acosh

nted

There must be at least one digit before the decimal point and at least one mantissa digit after

the decimal point.
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*most-positive-float*x — <float> named constant
*most-negative-floatx — <float> named constant

The value of *most-positive-float* is the implementation-dependent floating-point number
closest to positive infinity.

The value of *most-negative-float* is the implementation-dependent floating-point number
closest to negative infinity.

Lloatp 0bj) — boolean fundtion

(

h

Rdturns t if obj is a float (instance of class <float>); otherwise, returns nil. Théody may pe
any ISLISP object.

Expmple:
(floatp "2.4") = nil
(floatp 2) = nil
(floatp 2.0) =t
(float z) — <float> fungtion

Rgturns z itself if it is an instance of thelClass <float> and returns a floating-point
approximation of z otherwise. An errorshall be signaled if z is not a number (error-id.
donain-error).

Expmple:
(float 0) = 0.0
(float 2) = 2.0
(float.\=2.0) = -2.0
(float 123456789123456789123456789) = 1.2345678912345679E26
(floor z) — <integer> function

Returns the greatest integer less than or equal to . That is, x is truncated towards negative
infinity. An error shall be signaled if z is not a number (error-id. domain-error).

Example:

(floor 3.0) = 3
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(floor 3.4) = 3
(floor 3.9) = 3
(floor -3.9) = -4
(floor -3.4) = -4
(floor -3.0) = -3
(ceiling z) — <integer> function

Returns the smallest integer that is not smaller than . That is, x is truncated towards positive
infinity. An error shall be signaled if z is not a number (error-id. domain-error).

Expmple:
(ceiling 3.0) = 3
(ceiling 3.4) = 4
(ceiling 3.9) = 4
(ceiling -3.9) = -3
(ceiling -3.4) = -3
(ceiling -3.0) = -3
(tfruncate z) — <integer> fungtion

Returns the integer between 0 and z (indlusive) that is nearest to z. That is, z is truncated
toyards zero. An error shall be signalediif z is not a number (error-id. domain-error).

Expmple:

(truncate 3.Q)
(truncate 3.4)
(truncate 379)
(truncate -3.4)
(truncate -3.9)
(fruncate -3.0)

R R A
&

(round z) — <integer> function

Returns the integer nearest to z. If z is exactly halfway between two integers, the even one is
chosen. An error shall be signaled if z is not a number (error-id. domain-error).

Example:
(round 3.0) = 3
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(round 3.4) = 3
(round -3.4) = -3
(round 3.6) = 4
(round -3.6) = -4
(round 3.5) = 4
(round -3.5) = -4
(round 2.5) = 2
(round -0.5) = 0

19.3 Integer class

Infeger objects correspond to mathematical integers.

Arithmetic operations that only involve integers behave in a mathematically, correct way,
regardless of the size of the integer. If there are cases where arithmetic omrintegers would
pr¢duce results or intermediate expressions that exceed the precision of the' underlying hardware,
an|ISLisp processor shall simulate any necessary operations in software‘in order to assure
mgthematical correctness. The circumstances, if any, for which such-simulation is necessary [is
implementation defined; the point at which such simulation will exceed the capacity of the
processor is also implementation defined.

Inflegers are written in one of the following formats.

#B [s]bb...b, each b being either “0” or “1”.
#b [s]bb...b, each b being either “0” onI?”.
#0 [s]oo. ..o, each o being one of “0”+“7”.

[s]
[s]
[s]
#0 [s]oo. ..o, each o being one of “Q7“7”.
[s]dd...d, each d being one of-£0”—-“9”.
[s]zx ...z, each = being ond.of “07—“9”  “A"—“F” “a’—“f”.
[s]zx ...z, each = being one of “07—“9” “A"—“F” “a’—“f”.

wllere s is either “+” or “-7.

No¢te: In ISLisSP, there is no variable that controls the reader. Thus the above notations are exactly the
notations for integers:

(iptegerprobj) — boolean fungtion

Returms—tif oty s o iteger (Instarnce of ciass <IMtEgeTr>)7 OterWISE, TeturTsS Nl oy) mmay be
any ISLISP object.

Example:
(integerp 3) =t
(integerp 3.4) = nil
(integerp "4") = nil
(integerp ’(a b ¢)) = nil
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(div 21 ) — <integer> function
(mod 2z =) — <integer> function

div returns the greatest integer less than or equal to the quotient of z; and 2. An error shall be
signaled if 2 is zero (error-id. division-by-zero).

mod returns the remainder of the integer division of z; by z2. The sign of the result is the sign of
zo. The result lies between 0 (inclusive) and z2 (exclusive), and the difference of z; and this
result is divisible by zo without remainder.

dip and mod satisfy:
(=21 (+ (x (div 21 22) 2) (mod 21 2)))

THat is, the evaluation of the above form always return t.
A1 error shall be signaled if either z; or z is not an integer (error-id. domain-error).

Expmple:

(div 12 3)
(div 14 3)
(div -12 3)
(div -14 3)
(div 12 -3)
(div 14 -3)
(div -12 -3)
(div -14 -3)
(mod 12 3)
(mod 7 247)
(mod 247 7)
(mod 14 3)
(mod -12 3)
(mod -14 3)
(mod 12 -3)
(mod 14 <3)
(mod =12 -3)
(med{=14 -3)

O, ONNNO B D

|
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(gcd 21 ) — <integer> function

gcd returns the greatest common divisor of its integer arguments. The result is a non-negative
integer. For nonzero arguments the greatest common divisor is the largest integer z such that 2z
and z are integral multiples of z.

An error shall be signaled if either z; or z; is not an integer (error-id. domain-error).
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(gcd 12 5) =1
(gcd 15 24) = 3
(gcd -15 24) =3
(gcd 15 -24) =3
(gcd -15 -24) =3
(gcd 0 -4) = 4
(gcd 0 0) = 0
(1fm 2z ) — <integer> fundtion
lcp returns the least common multiple of its integer arguments. gcd and 1cm satisfies:

(= (x (gcd m n) (lcm m n)) (abs (* m n)))

THat is, the evaluation of the above form always return t.
Ai error shall be signaled if either 21 or z; is not an integer (error-id. domain-error).
Expmple:

(1em 2 3) = 6

(lcm 15 24) = 120

(lcm 15 -24) = 120

(1cm -15 24) = 120

(1cm -15 -24) = 120

(1cm 0 -4) = 0

(1cm 0 0) = 0
(ipart 2z) —<Xinteger> fundtion
Rgturns_the greatest integer less than or equal to the exact positive square root of z. An ertor
shalh\b€ signaled if z is not a non-negative integer (error-id. domain-error).
Example:

(isqrt 49) =7

(isqrt 63) = 7

82

(isqrt 1000000000000002000000000000000)
= 1000000000000000
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20 Character class

Characters are represented as instances of the <character> class. This insulates the
programmer from particular character codes.

The ISLisp character set has at least ninety-five printing characters plus a newline character.
The ISLisP printing characters are the space character, and the following ninety-four non-blank
characters:

"4 $% &’ ()x+,-./0123456789: ;<=>7
QCABCDEFGHIJKLMNUOPQRSTUVWXYZ L[ \] _
‘abcdefghijklmnopgqrstuvwxyz{l}"~

A tharacter literal is denoted by #\ followed by a token which is either the charactes itself, ¢r, if
the¢ character has a name, the character’s name. For example, the letter A is dénoted by “#\A”.
THe newline and space characters have the names “newline” and “space,” respectively, so they
caf be denoted by “#\newline” and “#\space”. (Case is not significant wwhen naming a
chjracter.)

CHaracters are ordered by char<, and this order satisfies:

0<1<2<3<4<5<6<7<8<9
A<B<C<D<E<F<G<H<I<J<K<L<M<N<O<P<Q<R<S<T<U<KV<W<X<Y<Z
a<b<c<d<e<f<g<h<i<j<k<1<m<n<o<p<g<r<s<t<ukv<w<x<y<z

wllere charl < char?2 means that (char< charl_char2) is true.

(characterp obj) — boolean fundtion

Rdturns t if obj is a character (ingtance of class <character>); otherwise, returns nil. obj may
belany ISLISP object.

Expmple:

(characterp #\a) =t

(chaxacterp "a" = nil

(¢hraracterp ’a) = nil
(char= char; chars) — boolean function
(char/= chary chary) — boolean function
(char< char; chara) — boolean function
(char> chary chara) — boolean function
(char<= char; chary) — boolean function
(char>= char; chary) — boolean function

The function char= tests whether char; is the same character as chary. The function char< tests
whether char is less than chary. The function char<= tests whether char; is less than or equal
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to chary. The ordering used is the partial order defined above, extended to a total order on all
characters in an implementation-defined manner. If the test is satisfied, t is returned; otherwise,
nil is returned.

Two characters are char/= if and only if they are not char=. Two characters are char> if and
only if they are not char<=. Two characters are char>= if and only if they are not char<.

An error shall be signaled if either chary or chary is not a character (error-id. domain-error).

Example:

(char= #\a #\a) =t

(char= #\a #\b) = nil

(char= #\a #\A) = nil

(char/= #\a #\a) = nil

(char< #\a #\a) = nil

(char< #\a #\b) =t

(char< #\b #\a) = nil

(char< #\a #\A) = nil or t  (ipdplementation-defineq)
(char< #\* #\a) = nil or t ( (implementation-defined)
(char> #\b #\a) =t

(char<= #\a #\a) =t

(char<= #\a #\A) = nil,or t (implementation-defineq)
(char>= #\b #\a) = &

(char>= #\a #\a) =t

21 List class

THe <1ist> class is partitioned dnto two subclasses <cons> and <null>.

21.1 Cons

A tons (sometimes also called “dotted pair”) consists of two components; the left component is
called car and<the right component is called cdr. The constructor of this class is cons. Conses
ar¢ writteh.as

Cear . cdr)

where car and cdr denote the values in the car and cdr components, respectively, of the cons
object. As a special case, if the cdr value is nil, then the cons object is written as

(car)

Thus, in general, a data structure that consists of cons objects will be written in either of the
following formats:
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(x1 . (o . ... (@1 -~ xTR) -2 ))
(1 . (@2 . ... (@Tp_1) ... ))

These may be written, respectively, as

(x1 T2 ... Tpe1 - Tp)
(1'1 To ... an,l)

(E)

(C"“QI‘ nhj\ — hoolean

function

Rdturns t if obj is a cons (instance of class <cons>); otherwise, returns nil. obj may e any
IS1Lisp object.

Expmple:

(consp ’(a . b)) = t
(consp ’(a b ¢)) = t
(consp *()) = nil
(consp #(a b)) = nil
(cpns obj; objr) — <cons> fungtion

THis function builds a cons from two objects, with obj; as its car (or ‘left’) part and with oljj» as
its|cdr (or ‘right’) part. An error shall he“signaled if the requested cons cannot be allocated
(error-id. cannot-create-cons). Botheby; and objx may be any ISLISP object.
Expmple:

(cons ’a ’ () = (a)

(cons ’(a)_)(b c d)) = (@) bcd

(cons M"a® )’ (b ¢)) = ("a" b ©)

(const2a 3) = (a . 3)

(cens ’(a b) ’c) = (((ab) .o
(chrions) object fundtion

The function car returns the left component of the cons. An error shall be signaled if cons is not
a cons (error-id. domain-error).

Example:
(car () an error shall be signaled
(car ’(a b ¢)) = a
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(car ’((a) b c d)) = (a)
(car (1 . 2)) = 1
(cdr cons) — <object> function

The function cdr returns the right component of the cons. An error shall be signaled if cons is
not a cons (error-id. domain-error).

Expmple:

(cdr ) an error shall be signaled

(cdr ’((a) b c d)) = (bcd

(cdr > (1 . 2)) = 92
(sptf (car cons) obj) — <object> special form
(spt-car obj cons) — <object> fungtion

Updates the left component of cons with obj. The retdpned value is obj. An error shall be
gnaled if cons is not a cons (error-id. domain-errox), 0bj may be any ISLISP object.

—-

S

Expmple:

(let ((x (list ’apple ’orange)))
(1ist x (car x)
(setf (car x)*)banana)
x (car x)))
= ((banana oxamnge) apple banana (banana orange) banana)

(sptf (cdr con$).obj) — <object> special form
(spt-cdr obj)cons) — <object> fungtion

Updatés the right component of cons with obj. The returned value is obj. An error shall be
siglnaled if cons is not a cons (error-id. domain-error). obj may be any ISLISP object.

Example:

(let ((x (list ’apple ’orange)))
(list x (cdr x)
(setf (cdr x) ’banana)
x (cdr x)))
= ((apple . banana) (orange) banana (apple . banana) banana)
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21.2 Null class

This class consists of only one element, the object called nil. This object is the false value in
boolean expressions. The length of the sequence nil is 0.

(null obj) — boolean function

Returns t if obj is nil; otherwise, returns nil.> obj may be any ISLisp object.

Expmple:
(null ’(a b c)) = nil
(null °()) = t
(null (1list)) =t
21.3 List operations
(1fistp obj) — boolean fundtion

Rdturns t if obj is a list (instance of class <1ist®); otherwise, returns nil. obj may be any
IS1Lisp object.

Expmple:
(1istp ’(a b ¢)) = t
(listp > () = t
(listp ’(a . b)) = t
(let ((x (ATst ’a)))
(setf (cdr x) x)
(listp.%)) = t
(1igtp-"abc") = nil
(Xistp #(1 2) = nil
(Pistp ’jerome) = nil
(create-list i [initial-element]) — <list> function

Returns a list of length i. If initial-element is given, the elements of the new list are initialized
with this object; otherwise, the initialization is implementation defined. An error shall be
signaled if the requested list cannot be allocated (error-id. cannot-create-list). An error shall be

5If the naming conventions were strictly observed, null would be named nullp; it is named null for historical
and compatibility reasons.

© ISO/IEC 2007 — All rights reserved 87


https://iecnorm.com/api/?name=021c1491ed7569c1785aeb14bf1f0341

IS

O/IEC 13816:2007(E)

signaled if ¢ is not a non-negative integer (error-id. domain-error). initial-element may be any
ISLisP object.

Example:

(create-list 3 17) = (17 17 17)

(create-list 2 #\a) = (#\a #\a)
(st obj*) — <list> fundtion
Returns a new list whose length is the number of arguments and whose elementspare the
arguments in the same order as in the list-form. An error shall be signaled if the requested list
cafpnot be allocated (error-id. cannot-create-list). Each obj may be any ISLiSp-Object.
Expmple:

(1ist ’a (+ 3 4) ’c) = (a 7¢«)

(1list) = nil
(rpverse list) — <list> fungtion
(nreverse list) — <list> fungtion
THese functions each return a list whose, €lements are those of the given list, but in reverse ofder.
Ay error shall be signaled if list is not™a list (error-id. domain-error).
Fof reverse, no side-effect to thetgiven list occurs. The resulting list is permitted but not
required to share structure with the input list.
Fof nreverse, the conses\which make up the top level of the given list are permitted, but ndt
required, to be side-effécted in order to produce this new list. nreverse should never be called
on|a literal object.
Expmple:

(reverse ’(a b c d e)) = (e dcba)

(reverse ’(a)) (a)

(reverse ’()) = O

(letx ((x (list ’a ’b)) (y (nreverse x))) (equal x y))
= implementation-defined

(append list*) — <list>

function

88
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Returns the result of appending all of the lists, or () if given no lists. An error shall be signaled

if any list is not a list (error-id. domain-error).

This function does not modify its arguments. It is implementation defined whether and when the
result shares structure with its list arguments.

An error shall be signaled if the list cannot be allocated (error-id. cannot-create-list).

Example:

(append b)) ’de £))

(abcdef)

(m

bmber obj list) — <list>

fundtion

If [ist contains at least one occurrence of obj (as determined by eql), the first sublist of list
wHose car is 0bj is returned. Otherwise, nil is returned. An error shall\be signaled if list is not a
lisy (error-id. domain-error).
Expmple:

(member ’c ’(a b cde £)) =>Wc d e £)

(member ’g ’(a b cde £)) = nil

(member ’c ’(a b cab c)) = (cabc)
(mppcar function list™) — <list¥ fundtion
(mppc function listt) — <lists fundtion
(mppcan function list™) = &list> fundtion
(mpplist function list™) A <list> fundtion
(mppl function listt) o ‘<list> fundtion
(mppcon function ligt) — <list> fundtion

Sul
wa

ho!

Ceessively applies the given function to sets of arguments determined by the given lists. The
y in whi¢hthe arguments are determined, and the way in which the result is accumulated are

v thesefunctions differ.
Frarettor—Argament Result
mapcar successive elements successive cons
mapc successive elements none (i.e., list; returned)
mapcan successive elements successive “destructive append”
maplist successive sublists  successive cons
mapl successive sublists  none (i.e., list; returned)
mapcon successive sublists  successive “destructive append”

mapcar operates on successive elements of the lists. function is applied to the first element of
each list, then to the second element of each list, and so on. The iteration terminates when the

©
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shortest list runs out, and excess elements in other lists are ignored. The value returned by
mapcar is a list of the results of successive calls to function.

mapc is like mapcar except that the results of applying function are not accumulated; list; is
returned.

maplist is like mapcar except that function is applied to successive sublists of the lists. function
is first applied to the lists themselves, and then to the cdr of each list, and then to the cdr of the
cdr of each list, and so on.

mapl is like maplist except that the results of applying function are not accumulated; list; is

ret

maj
fu
ap

Ax]
be

In

1
Uriredad.

bcan and mapcon are like mapcar and maplist respectively, except that the results éf\app
ction are combined into a list by the use of an operation that performs a destructive forr
pend rather than 1list.

error shall be signaled if function is not a function (error-id. domain-error). An error sh
signaled if any list is not a list (error-id. domain-error).

all cases, the calls to function proceed from left to right, so that(ifyfunction has side-effec

ying
h of

all

s, it

caf rely upon being called first on all of the elements with index @)then on all of those
numbered 1, and so on.
Expmple:
(mapcar #’car ’((1 a) (2 b) (3 c)Xr>= (1 2 3)
(mapcar #’abs (3 -4 2 -5 -6)) = (3425 6)
(mapcar #’cons (abc) (1 2%)) = ((a. 1) (. 2) (c. 3))
(let ((x 0)) (mapc (lambdax(v) (setq x (+ x v))) ’(3 5)) x)
= 8
(maplist #’append)’(1 2 3 4) (1 2) ’(1 2 3))
=((123412123) (23422 3))
(maplist/~(Fambda (x) (cons ’foo x)) ’(a b c d))
= ((foo a b c d) (foo b ¢ d) (foo c d) (foo d))
(nfaplist (lambda (x) (if (member (car x) (cdr x)) 0 1))
’(abacdbc))
= (0010111
(let ((k 0))
(mapl (lambda (x)
(setq k (+ k (if (member (car x) (cdr x)) 0 1))))
’abacdbc))
k)
= 4
(mapcan (lambda (x) (if (> x 0) (list x))) (-3 4 05 -2 7))
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= (457

(mapcon (lambda (x) (if (member (car x) (cdr x)) (list (car x))))
’a@bacdbcbc))

= (abcbec)

(mapcon #’list (1 2 3 4)) = ((1234) (234 (34 4
(apsoc obj association-list) — <list> fungtion
If pssocation-list contains at least one cons whose car is obj (as determined bg-eq1l), the firsp
su¢h cons is returned. Otherwise, nil is returned. An error shall be signaled“if association-lfst is
nop a list of conses (error-id. domain-error).
Expmple:

(assoc ’a ’((a . 1) (b . 2))) = (az, 1)

(assoc ’a ’((a . 1) (a . 2))) = @

(assoc ’c ’((a . 1) (b . 2))) =(nil
22 Arrays
22.1 Array classes

Ar
ca

Th
ary

by

Th

led indices.
e total number of elements in the array is the product of the dimensions. Zero-dimension
an empty_tuple of indices.

eré are several array classes. For a pictorial representation of their inheritance relationshi

sed

Fioure 1 The following is an explanation of the nurpnase aof cach of these classes:
(=] (=] iy I I

rays store data in array components, which are indexed by a tuple of non-negative integex

n

hl

ays are pefmissible and, as a consequence of this rule, can store exactly one element, indgxed

P,

©

e <basic-array>

All arrays are of the abstract class <basic-array>, but (as with all abstract classes) there
are no direct instances of this class. It is provided for type discrimination purposes only.

ISL1sp defines two direct subclasses of <basic-array>: <basic-vector> and

<basic-array*>. These classes are mutually exclusive and form an exhaustive partition of

the set of basic-arrays. There shall be no other direct subclasses of <basic-array>.
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o <basic-vector>

All one-dimensional arrays are of the abstract class <basic-vector>, but (as with all
abstract classes) there are no direct instances of this class. It is provided for type
discrimination purposes only.

ISLisp defines only two direct subclasses of <basic-vector>: <general-vector> and
<string>. There may be additional, implementation-defined subclasses of
<basic-vector>.

Note: An implementation might provide specialized array representations for one-dimensional
arrays of bits. If provided, such an array representation would be subclass of <basic-vector>.

] .
A4 generar— veCTtTor

An object of class <general-vector> is a one-dimensional array that is capable of holding
elements of type <object>. When the function create-array is asked to create'a
one-dimensional array, the resulting array is of this class.

e <string>

An object of class <string> is a one-dimensional array that is capable only of holding
elements of type <character>. When the function create-string'is’used, the result is of
this class.

e <basic-array*>

All non-one-dimensional arrays are of the abstract class(¥basic-array#*>, but (as witlj all
abstract classes) there are no direct instances of this‘class. It is provided for type
discrimination purposes only.

ISL1sp defines only one direct subclass of <basi¢-array#*>: <general-array*>. There[may
be additional, implementation-defined subcldsses of <basic-array*>.

Note: An implementation might provide$fhécialized array representations for two-dimensionpl
arrays of 1 or more bits to hold display iniformation for a monochrome or color screen. If provfided,
such array representations would be stibclasses of <basic-array*>.

e <general-array*>

—

An object of class <general=array*> is a non-one-dimensional array that is capable o]
holding elements of type <object>. When the function create-array is asked to creafe an
array of dimensionality other than 1, the resulting array is of this class.

23.2 General arrays

A1l objeetithat is either of class <general-vector> or of class <general-array*> is sometiines
cal]led a~“‘general array.”

General arrays are capable of storing any object of class <object>. Those arrays that are not
general arrays are the ones restricted to storage objects of more specialized classes.

A general array can be expressed as a textual literal using #na notation (where n is an integer
indicating the number of dimensions of the array) followed by a nested list of sequences denoting
the contents of the array. This structure can be defined as follows. If n = 1 the structure is
simply (obj1 ... o0bj,). If n > 1 and the dimensions are (n; no ...), the structure is (str;
strn, ), where the str; are the structures of the n; subarrays, each of which has dimensions
(ng ...). For example, the textual representation of (create-array ’(2 3 4) 5) is as follows:
#3a(((6 5 55) (6555) (6 555)) ((6555) (6 555) (655 5))).
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22.3 Array operations

To manipulate arrays ISLisP provides the following functions.

(basic-array-p obj) — boolean function
(basic-array*-p obj) — boolean function
(general-array*-p obj) — boolean function

basic-array-p returns t if obj is a basic-array (instance of class <basic-array>); otherwise,
reffirns nil. oby may be any ISLISP object.

bapic-array*-p returns t if obj is a basic-array* (instance of class <basic-array*>);\otherise,
reffurns nil. obj may be any ISLisP object.

geheral-array*-p returns t if obj is a general-array* (instance of class <general-array*>);
otlherwise, returns nil. obj may be any ISLisp object.

Expmple:

(mapcar (lambda (x)
(1ist (basic-array-p x)
(basic-array*-p x)
(general-array*-p x)))
>((a b c)
||abc||
#(a b c)
#la(a b c)
#2a((a) (b) ()M
= ((nil nil nil) (¢t niknil) (t nil nil) (t nil nil) (¢t t t))

(create-array dimensions [initial-element]) — <basic-array> fungtion

THis function creates an array of the given dimensions. The dimensions argument is a list of
noph-negative dntegers.

THe result.is of class <general-vector> if there is only one dimension, or of class
<gpnéral-array*> otherwise.

If initial-element is given, the elements of the new array are initialized with this object,
otherwise the initialization is implementation defined.

An error shall be signaled if the requested array cannot be allocated (error-id.
cannot-create-array).

An error shall be signaled if dimensions is not a proper list of non-negative integers (error-id.
domain-error). initial-element may be any ISLISP object.
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Example:
(create-array ’(2 3) 0.0) = #2a((0.0 0.0 0.0) (0.0 0.0 0.0))
(create-array ’(2) 0.0) = #(0.0 0.0)
(aref basic-array z*) — <object> function
(garef general-array z*) — <object> function

arpf returns the object stored in the component of the basic-array specified by the sequencé of
intlegers z. This sequence must have exactly as many elements as there are dimensions.in‘the
baic-array, and each one must satisfy 0 < z; < d;, d; the i*" dimension and 0 < i < @ d thd
nunber of dimensions. Arrays are indexed 0 based, so the ith row is accessed via the index 94— 1.

A1] error shall be signaled if basic-array is not a basic-array (error-id. domain‘error). An ertor
shall be signaled if any z is not a non-negative integer (error-id. domain-error).

gayef is like aref but an error shall be signaled if its first argument, \general-array, is not ap
object of class <general-vector> or of class <general-array*>/(ercor-id. domain-error).

Expmple:

(defglobal arrayl (create-array ’(3 3<{3)V0))
= arrayl

arrayl
= #3a(((0 0 0) (0 0 0) (0 0%0))
(0 00) (00 0) (O30 0))
(0 0 0) (00 0),€0 0 0)))

(aref arrayl 0 1 2) =0

(setf (aref arrayin®’1 2) 3.14) = 3.14

(aref arrayl 0 1\.2) = 3.14

(aref (create-array (8 8) 6) 1 1) = 6

(aref (create-array ’() 19)) = 19
(sptf (aref’ basic-array z*) obj) — <object> special form
(spt-dref obj basic-array z*) — <object> fungtion
(spsEAgaref general-array z*) obj) — <object> special fPrm
(set-garet ol general-array z7J) — <object Tunction

These replace the object obtainable by aref or garef with obj. The returned value is obj. The
constraints on the basic-array, the general-array, and the sequence of indices z is the same as for
aref and garef.

Example:

(setf (aref arrayl 0 1 2) 3.15) = 3.15
(set-aref 51.3 arrayl 0 1 2) = 51.3

94 © ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=021c1491ed7569c1785aeb14bf1f0341

ISO/IEC 13816:2007

(E)

(array-dimensions basic-array) — <list>

function

Returns a list of the dimensions of a given basic-array. An error shall be signaled if basic-array
is not a basic-array (error-id. domain-error). The consequences are undefined if the returned list
is modified.

Bl s
Expmpte-

(array-dimensions

(create-array ’(2 2) 0)) = (2 2)
(array-dimensions (vector ’a ’b)) = (2)
(array-dimensions "foo") = (3)

23 Vectors
A pector is a one dimensional array. See §22.1 for detailed information about the relationship of
artays and vectors.
Gdneral vectors are written as follows:
#(x1 2 ... Ty)
(bpsic-vector-p obj) —sboolean fundtion
(gpneral-vector-p obj) . = boolean fundtion
bapic-vector-p réturns t if obj is a basic-vector (instance of class <basic-vector>); othervise,
reffurns nil. obj ay be any ISLisP object.
geheral-vector-p returns t if obj is a general-vector (instance of class <general-vector>|;
otlherwisey Teturns nil. obj may be any ISLISP object.
Expmple:
(mapcar (lambda (x)
(1ist (basic-vector-p x)
(general-vector-p x)))
>((a b ¢)

llabcll

#(a b ¢c)

#la(a b c)
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#2a((a) (b) (c))))
= ((nil nil) (t nil) (t t) (¢t t) (nil nil))

(create-vector i [initial-element]) — <general-vector> function

Returns a general-vector of length i. If initial-element is given, the elements of the new vector
are initialized with this object, otherwise the initialization is implementation defined. An error

Sh Hbecianalad if tha vooiactad tor connaot bao o1l atad (aprar 1 qman ot opondto aiootor) An
oe-SghHorea—rae-Feat \ TOF—Etr - arroCarea—EerFof GE—VEELOF~

e pecay T CEH T OtT—CTE

ertfor shall be signaled if ¢ is not a non-negative integer (error-id. domain-error). initial-élempent
mdy be any ISLIsP object.

Expmple:
(create-vector 3 17) = #(17 17 17)
(create-vector 2 #\a) = #(#\a #\a)
(vpctor obj*) — <general-vector> fungtion

Returns a new general-vector whose elements are itsyobj arguments. The length of the newly
crdated vector is, therefore, the number of objs passed as arguments. The vector is indexed by
intlegers ranging from 0 to dimension—1. Anyerror shall be signaled if the requested vector
capnot be allocated (error-id. cannot-createvector). Each obj may be any ISLISP object.

Expmple:
(vector ’a ’b ’c) = #(a b c)
(vector) = #0

24 String'class

A ptring-is a vector that is capable only of holding elements of type <character>. See §22.1|for
detaided-information about the relationship of arrays, vectors, and strings.

Any implementation-defined character can be a string element. In ISLisP, string indices are
0-based. Strings are written by listing all the element characters in order and by enclosing them
with double quotes “"”. If the string has a double quote as its element, the double quote must
be preceded by a backslash “\”. If the string has a backslash as its element, the backslash must
be preceded by another backslash. Strings contained in program text as literals are immutable
objects. The representation of non-printing characters is implementation defined.

(stringp o0bj) — boolean function
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Returns t if obj is a string (instance of class <string>); otherwise, returns nil. obj may be any
ISLisP object.

Example:

(stringp "abc")
(stringp ’abc)

=t
= nil

(c

reate-string ¢ [initial-character]) — <string>

fundtion

Re

arg

turns a string of length 4. If initial-character is given, then the characters of thé.hew string
initialized with this character, otherwise the initialization is implementation(defined. Anl

ertfor shall be signaled if the requested string cannot be allocated (error-id. éannot-create-string).
A1l error shall be signaled if 4 is not a non-negative integer or if initial-chanacter is not a
chiracter (error-id. domain-error).
Expmple:

(create-string 3 #\a) = lada"

(create-string 0 #\a) =)
(skring= string; strings) — quasi-booledn fungtion
(skring/= string; strings) — quasi-boolean fundtion
(skring< string; strings) — quasg=boolean fungtion
(spring> string: stringa) — quasi-boolean fungtion
(spring>= string; strings) S guasi-boolean fundtion
(spring<= string; strings)(_#> quasi-boolean fundtion

TH
teq
th
Th

Ty

n or equal t6:8lrings.

e orderiig’used is based on character comparisons.

o strings are string= if they are of the same length, I, and if for every i, where 0 <17 <}

e function strings fests whether string; is the same string as strings. The function string<
ts whether strings/is less than strings. The function string<= tests whether string; is lesp

(c

yAa T AN A | T N1 1]
1dl="\SL1LL SUirinyy ¢J \CLL SUrirngy ¢ 7 11UIUS.

Two strings string; and strings are in order (string<) if in the first position in which they differ
the character of string; is char< the corresponding character of strings, or if the string; is a
proper prefix of strings (of shorter length and matching in all the characters of string ).

Two strings are string<= if they are either string< or they are string=.

Two strings are string/= if and only if they are not string=. Two strings are string> if and
only if they are not string<=. Two strings are string>= if and only if they are not string<.

©

ISO/IEC 2007 — All rights reserved

97


https://iecnorm.com/api/?name=021c1491ed7569c1785aeb14bf1f0341

ISO/IEC 13816:2007(E)

For these 6 string comparison functions, if the test is satisfied, an implementation-defined
non-nil value is returned; otherwise, nil is returned.

An error shall be signaled if either string, or strings is not a string (error-id. domain-error).

Example:
(if (string= "abcd" "abcd") t nil) =t
(if (string= "abcd" "wxyz") t nil) = nil
(if (string= "abcd" "abcde") t nil) = nil
CHE—{(atring=—lsbede!abed!D—t—ni13 it
(if (string/= "abcd" "wxyz") t nil) = t
(if (string< "abcd" "abcd") t nil) = nil
(if (string< "abcd" "wxyz") t nil) =t
(if (string< "abcd" "abcde") t nil) = t
(if (string< "abcde" "abcd") t nil) = nil
(if (string<= "abcd" "abcd") t nil) = t
(if (string<= "abcd" "wxyz") t nil) = t
(if (string<= "abcd" "abcde") t nil)= t
(if (string<= "abcde" "abcd") t nil)=> nil
(if (string> "abcd" "wxyz") t nil) = nil
(if (string>= "abcd" "abcd") t nil) = t

(char-index char string [start-position]) — <object> fungtion

R
s
an
oc

<

An
do

ample:

turns the position of char in string, The search starts from the position indicated by
rt-position (which is 0-based and defaults to 0). The value returned if the search succeeds is
offset from the beginning of thexst#ing, not from the starting point. If the char does not
ur in the string, nil is returned. The function char= is used for the comparisons.

error shall be signaled if‘e¢fiar is not a character or if string is not a string (error-id.
ain-error).

(éhar-index #\b "abcab") =1
(char-index #\B "abcab") = nil
(char-index #\b "abcab" 2) = 4
(char-index #\d "abcab") nil
(char-index #\a "abcab" 4) = nil

(string-index substring string [start-position]) — <object>

function

Returns the position of the given substring within string. The search starts from the position
indicated by start-position (which is 0-based and defaults to 0). The value returned if the search
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succeeds is an offset from the beginning of the string, not from the starting point. If that
substring does not occur in the string, nil is returned. Presence of the substring is done by
sequential use of char= on corresponding elements of the two strings.

An error shall be signaled if either substring or string is not a string (error-id. domain-error).

Example:
(string-index "foo" "foobar") = 0
(string-index "bar" "foobar") = 3
Lot 2 2 <l lIEnialall] . 1 (T |
(string—index—FORfeobari) it
(string-index "foo" "foobar" 1) = nil
(string-index "bar" "foobar" 1) = 3
(string-index "foo" "") = nil
(string-index "" "foo") = 0
(string-append string*) — <string> fundtion

Returns a single string containing a sequence of characters/that results from appending the
sequences of characters of each of the strings, or "" if gigén*no strings. An error shall be
sigmaled if any string is not a string (error-id. domainerror).

THis function does not modify its arguments. It is“implementation defined whether and when the
reqult shares structure with its string arguments:

A1 error shall be signaled if the string cannot be allocated (error-id. cannot-create-string).

Expmple:

(string-append '"abc" "def") = "abcdef"

(string-append "abc" "abc") = "abcabc"

(string-append "abc" "") = "abc"

(string-append "" "abc") = "abc"

(string-append "abc" "" "def") = "abcdef"
25 Sequence frmetions

LiuCJ.].bC LULICUUVIUILLOS

Objects that are either of class <basic-vector> or of class <list> are sometimes called
“sequences”. The operations upon sequences are called “sequence functions.”

(length sequence) — <integer> function
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Returns the length of sequence as an integer greater than or equal to 0.
When sequence is a basic-vector, length returns its dimension.

When sequence is a list, the result is the number of elements in the list; if an element is itself a
list, the elements within this sublist are not counted. In the case of dotted lists, length returns
the number of conses at the uppermost level of the list. For example, (length (a b . ¢c)) =
2,since ’(a b . ¢c) = (cons ’a (cons ’b ’c)).

An error shall be signaled if sequence is not a basic-vector or a list (error-id. domain-error).

Ex uylc g

(length ’(a b ¢)) = 3
(length ’(a (b) (c d e))) = 3
(length ° () = 0
(length (vector ’a ’b ’c)) = 3
(ellt sequence z) — <object> fungtion

Gipen a sequence and an integer z satisfying 0 < z < (Zength sequence), elt returns the
elgment of sequence that has index z. Indexing is O-based; i.e., z = 0 designates the first
elgment. An error shall be signaled if z is an integer)outside of the mentioned range (error-i
indez-out-of-range).

==

A1l error shall be signaled if sequence is not-a basic-vector or a list or if z is not an integer
(efror-id. domain-error).

Expmple:

(elt ’(a b c) 2) = c

(elt (vector Za'’b ’c) 1) =D

(elt "abc' Q) = #\a
(sptf (edt sequence z) obj) — <object> special form
(sptrelt obj sequence z) — <object> fungtion

These replace the object obtainable by elt with obj. The returned value is o0bj.
An error shall be signaled if z is an integer outside of the valid range of indices (error-id.
indez-out-of-range). An error shall be signaled if sequence is not a basic-vector or a list or if z is

not an integer (error-id. domain-error). obj may be any ISLISP object.

Example:
(let ((string (create-string 5 #\x)))
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