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DI\“I\"Y{\“’I
TOorewora

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standardization.
National bodies that are members of ISO or IEC participate in the development,of Internatignal
Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees/collaborate in fields ¢f
mutual interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical

committee, ISO/IEC JTC 1. Draft International Standards.adopted by the joint technical
committee are circulated to national bodies for voting. Publication as an International Standard
requires approval by at least 75 % of the national bodies casting a vote.

International Standard ISO/IEC 13816 was prepaved by Joint Technical Committee
ISO/IEC JTC 1, Information technology, Subcommittee SC 22, Programming languages, their|
environments and system software interfaces.
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Introduction

The programming language ISLISP is a member of the Lisp family. It is the result of
standardization efforts by ISO/IEC JTC 1/SC 22/WG 16.

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

1. A desire of the international LisP community to standardize on those features of LispP upon
which there is widespread agreement.

2. The existence of the incompatible dialects Common-Lisp, EuLisp, ‘LE-LisP, and SCHEME
(mentioned in alphabetical order).

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

THis led to the following design goals for ISLisp:

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

. ISLisp shall be object-oriented.

2

3

4. ISLisp shall be designed with extensibility in mind.

5. ISLisp shall give priority t0undustrial needs over academic needs.
6

. ISL1isp shall promote efficient implementations and applications.

ISP/IEC JTC 1/SC-22/WG 16 wishes to thank the many specialists who contributed to this
International Standard.

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

1.1 Scope

1. Positive Scope

This International Standard specifies syntax and semantics of the computer programming
language ISLisP by specifying requirements for a conforming ISLisp processor and a
conforming ISLISP text.

2. Negative Scope
This International Standard does not specify:
(a) the size or complexity of an ISLISP text that exXeeeds the capacity of any specific| data

processing system or the capacity of a parti¢ular processor, nor the actions to b¢
taken when the corresponding limits are.exceeded;

(b) the minimal requirements of a data pfocessing system that is capable of supporting an
implementation of a processor for ISLisP;

(c¢) the method of preparation of an ISLisp text for execution and the method of
activation of this ISLisP textsprepared for execution;

(d) the typographical presentation of an ISLisP text published for human reading.

(e) extensions that might ormight not be provided by the implementation.

1.2 Normative:References

The followingstandards contain provisions which, through reference in this text, constitute
provisions of-this International Standard. At the time of publication, the editions indicated were
valid. All-standards are subject to revision, and parties to agreements based on this
International Standard are encouraged to investigate the possibility of applying the most rfcent
editions of the standards indicated below. Members of IEC and ISO maintain registers of
currently valid International Standards.

o ISO/IEC TR 10034: 1990, Guidelines for the preparation of conformity clauses in

i 1 4 g 1
Pprogramineig tanygauyt Stuituerius.

o IEEE standard 754-1985. IEEE standard for Binary floating point arithmetic. IEEE, New
York, 1985.

1.3 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.
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There is a correspondence from ISLISP textual units to their ISLisP data structure
representations. Throughout this International Standard the text and the corresponding ISLisp
objects (data structures) are addressed simultaneously. ISLIsP text can be seen as an external
specification of ISLisp data structures. To distinguish between the two representations different
concepts are used. When textual representation is discussed, textual elements (such as
identifiers, literals, and compound forms) are used; when ISLISP objects are discussed, objects

(such as symbols and lists) are used.

The donstituents of ISLIsP text are called forms. A form can be an identifier, a literal, or a
compound form. A compound form can be a function application form, a macro form, a special
form.[or a defining form.

An identifier is represented by a symbol. A compound form is represented by a non-null list)-A
litera) represents neither a symbol nor a list, and so is neither an ¢dentifier nor a compoundiform;
for eample, a number is a literal.

An object is prepared for execution; this might include transformation or compilation,
includling macro expansion. The method of preparation for execution and its @esult are not
defin¢d in this International Standard (with exception of the violations to be'detected). After
succepsful preparation for execution the result is ready for execution. The combination of
prepdration for execution and subsequent execution implements ISLISP’S evaluation model.
The ferm “evaluation” is used because ISLISP is an expression language—each form has a value
which is used to compute the value of the containing form. Thelresults obtained when an entity
is prdpared for execution are designated throughout this Interhational Standard by the
construction “prepared entity”; e.g., “prepared form,” “prepared special form.”

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

In the examples, the metasymbol “=” designate§ the result of an actual evaluation. For example:
(+34) =7

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

(+ 4 13) — <uinteger>

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

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

Class names are uniformly denoted as follows: <class-name>. For example, <list> is the name
of a class; this is usually spoken aloud as “list class.”

Notes, appearing as Note: note-text, in this International Standard have no effect on the

language. They are for better understanding by the human reader.

Regarding the pattern variables and the extensions of above, the following conventions.are algo

adopted:

termt  denotes one or more occurrences of term;

term*  denotes zero or more occurrences of term;

[term]  denotes at most one occurrence of term,commonly one says that {erm

is optional;

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

term; | termg | ...  denotes grouping of alternative terms.

The following naming conventions are used to delote forms whose values obey the respective

class restrictions:

array, array, ...oarray;, . .-
cons, consy, ...consji ..
list, listy, .\ hst;, ...

obj, abgy, ... obj;, ...

<basic-array>
<cons>
<list>

<object>

sequence, sequencey,). .. Sequence;, . . . <basic-vector> or <list> (see §17)
stream {-stream;, ...stream;, ... <stream>
string, string;, ...string;, ... <string>
char, chary, ... charj, ... <character>
function, functiony, ... function;, ... <function>
class, classy, ... class;, ... <class>
symbol, symboly, ... symbol;, ... <symbol>
T, T, ...Zj, ... <number>
2y 21y ey e <integer>

In this International Standard the conventions detailed below are used, except where noted:
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Usually every class <name> has a characteristic function, whose name is built as name-p if
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.

create~ Usually a built-in class <name> has a constructor function, which is called create-name.

def This is used as the prefix of the defining operators.

set|~ Within this International Standard, any functions named set-name are writers for a place,

for which there is a corresponding reader named name.

For any kind of entity in the language, the phrase “entity-kind name” refers to the entityof*kind
entfity-kind denoted by name. For example, the phrases “function name,” “constant ndme,” or

({99 ]
<1

hog mamo” roanee tively mean the function constant or eclass denat
LSS 71aie Trespeduively Iicaii the iuncuion, consvanv, or Ciass aenov

1.4 Lexemes

An|ISLisP text is built up from lexemes. Lexemes are built up fromt least the following
chgracters (see §12):

ABCDEFGHIJKLMNOPQRSTUVWIXYZ
abcdefghijklmnopgrstuavwxyz
0123456789+ -<>/*x&=.2_1¢8%:e[]1"~{} " #

Additional characters are implementation defirred.

Thie following characters are individuallexemes (see §13.1 and §8):

),

Thie following character tuples (where n is a sequence of digits) are individual lexemes (see §4.7,

§8,

and §14.1):

# #( ,Q@BV#b #0 #o #X #x #na #nh

Thie textualrepresentations of symbols (see §10), numbers (see §11), characters (see §12), and

st

\

ngs{(see §16) are lexemes.

€rIS. €y may OcCcur 1n some

lexemes (identifiers and string literals).

Ot

her lexemes are separated by delimiters. Delimiters are separators along with the following

characters:

The effect of delimiting is disestablished inside a string (see §16) or inside a corresponding pair
of multiple escape characters (see §10) or for the character immediately following #\.
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1.4.1 Separators

Separators are as follows: blank, comments, newline, and an implementation-defined set of

characters, (e.g., tabs). Separators have no meaning and can be replaced by each other without

changing the meaning of the ISLisp text.

1.4.4 vomiments

The character semicolon (;) is the comment begin character. That is, the semicolén and
characters up to and including the end-of-line form a comment.

all the

A character sequence beginning with #| and ending with |# is a comment)Such comments may

be nested.

Being a separator, a comment cannot occur inside a lexeme.

1.5 Textual Representation

The textual representation of an object is machineiindependent. The following are some of the

textual representations of the ISLisp objects. This representation is readable by the read
function. Lexemes are described in §1.4

Null The object nil is the only object‘avhose class is <null>. Upon input, it may be writ{en as
nil or (). It is implementation defined whether nil prints as nil or ().
List Proper lists are those lisfsiterminated by nil. Usually they are denoted as (obj; objp
...0bjn). A dotted list\(¢e., a list whose last tail is not nil) appears as (obj; obj2 .| .obj,
0bjn41).

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

Cons A consis expressed as (car . cdr), where the car and cdr are objects.
Integer¢Al/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).
Float A floating point number is written in one of the following formats:
L1711 1 11 1
lDJU.u L)
[s]ldd...d.dd...dE[s)dd...d
[s]ldd...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%.

1This number, although belonging to the set of natural numbers, usually is considered as only a floating point

number because of its representation.
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Vector A vector of class <general-vector> is written as #(obj; ...0bj,).

Array An array of class <general-array*> or <general-vector> can be written on input as #na

(where n is an integer indicating the number of dimensions of the array) followed by a
nested structure of sequences denoting the contents of the array. This structure is defined
as follows. If n = 1 the structure is simply (obj; ... 0bj,). If n > 1 and the dimensions
are n; mg ..., the structure is (stry ... stry,), where the str; are the structures of the n;
subarrays, each of which has dimensions (ny ...). As an example, the representation of

(create-array ’(2 3 4) 5) 1s as tollows:
#3a(((56 5 55) (6555) (6555)) ((6555) (56555) (5655 5))).

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

String [A string is represented by the sequence of its characters enclosed in a pair of "’s. Fér

example: "abc"”. Special characters are preceded with a backslash as an escape character.

Symbol [A named symbol is represented by its print name. Vertical bars (1) might need/to enclose

the symbol if it contains certain special characters; see §10. The notation(if any, used for
unnamed symbols is implementation defined.

Ther¢ are objects which do not have a textual representation, such as~a\class or an instance of
the <ffunction> class.

1.6

Reserved Identifiers

Symbols whose names contain a colon (:) or an ampersand (&) are reserved and may not be

used

1.7

as identifiers. Symbols whose names start_with colon (:) are called keywords.

Definitions

For the purposes of this International Standard, the following definitions apply:

1.7.1

abstract class: A.class that by definition has no direct instances.

1.7.2| activation: Cemputation of a function. Every activation has an activation point, an

activation pefiod, and an activation end. The activator, which is a function application
form prepared for execution, starts the activation at the activation point.

1.7.3] aceessor: Association of a reader and a writer for a slot of an instance.

1.7.4 binding: Binding has both a syntactic and a semantic aspect.

Syntactically, “binding” describes the relation between an identifier and a binding ISLisp
form. The property of being bound can be checked textually by relating defining and
applied identifier occurrences.

Semantically, “binding” describes the relation between a variable, its denoting identifier,
and an object (or, the relation between a variable and a location). This relation might be
imagined to be materialized in some entity, the binding. Such a binding entity is
constructed at run time and destroyed later, or might have indefinite extent.

1.7.5 class: Object, that determines the structure and behavior of a set of other objects, called

its instances. The behavior is the set of operations that can be performed on an instance.


https://standardsiso.com/api/?name=f4385572386fadb623eb13d3fb6105d2

© ISO/IEC ISO/IEC 13816:1997(E)

1.7.6

1.7.7

1.7.8

condition: An object that represents a situation that has been (or might be) detected by
a running program.

definition point: An identifier represents an ISLISP object starting with its definition
point, which is a textual point of an ISLisp text.

direct instance: Every ISLIsP object is direct instance of exactly one class, which is called
“its class”. The set of all direct instances together with their behavior constitute a class.

1.7.9

1.7.10

1.7.11

1.7.12
1.7.13

1.7.14

1.7.15

1.7.16

1.7.17

1.7.18

1.7.19

dynamic: Having an effect that 1s determined only through program execution and that
cannot, in general, be determined statically.

dynamic variable: A variable whose associated binding is determined by the.most
recently executed active block that established it, rather than statically by aNexically
apparent block according to the lexical principle.

evaluation: Computation of a form prepared for execution which results in a value and|/or
a side effect.

execution: A sequence of (sometimes nested) activations.

extension: An implementation-defined modification to thé 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 spelling
identifiers), does not alter the set of actions which'are required to signal errors, and dogs
not alter the status of any feature designated, as;implementation dependent.

1*2]
o
-

form: A single, syntactically valid unit of-program text, capable of being prepared for
execution.

function: An ISLIsP object that is‘¢alled with arguments, performs a computation
(possibly having side-effects), and returns a value.

generic function: Function‘whose application behavior is determined by the classes of
the values of its arguments*and which consists — in general — of several methods.

identifier: A lexical.element (lexeme) which designates an ISLisp object. In the data
structure representation of ISLISP texts, identifiers are denoted by symbols.

immutable.binding: A binding is immutable if the relation between an identifier and|the
object represented by this identifier cannot be changed. It is a violation if there is atterppt
to chafige an immutable binding (error-id. immutable-binding).

imnittable object: An object is immutable if it is not subject to change, either becayse

no operator is provided that is capable of effecting such change, or because some constrpint
exists which prohibits the use of an operator that might otherwise be capable of effecting
such a change. Except as explicitly indicated otherwise, a conforming processor is not
required to detect attempts to modify immutable objects; the consequences are undefined

i an-attempt ismade to mnr\if‘y an immutable obiject
J

1.7.20

1.7.21

1.7.22

Tt

implementation defined: A feature, possibly differing between different ISLisp
processors, but completely defined for every processor.

implementation dependent: A 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.
inheritance: Relation between a class and its superclass which maps structure and

behavior of the superclass onto the class. ISLISP supports a restricted form of multiple
inheritance; i.e., a class may have several superclasses at once.
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1.7.23

1.7.24
1.7.25
1.7.26

instance (of a class): Either a direct instance of a class or an instance of one of its
subclasses.

literal: An object whose representation occurs directly in a program as a constant value.
metaclass: A class whose instances are themselves classes.

method: Case of a generic function for a particular parameter profile, which defines the
class-specific behavior and operations of the generic function.

1.7.97

1.7.98

1.7.30

1.7.31

1.7.32
1.7.33

1.7.34

1.7.35

1.7.36

object: An object is anything that can be created, destroyed, manipulated, compared,
stored, input, or output by the ISLisp processor. In particular, functions are ISLisp objects(
Objects that can be passed as arguments to functions, can be returned as values, can be
bound to variables, and can be part of structures, are called firsi-class objects.

operator: the first element of a compound form, which is either a reserved name that
identifies the form as a special form, or the name of a macro, or a lambda expression, or
else an identifier in the function namespace.

parameter profile: Parameter list of a method, where each formal patameter is
accompanied by its class name. If a parameter is not accompanied by @’ class name, it
belongs to the most general class.

place: Objects can be stored in places and retrieved later. Places are designated by forms
which are permitted as the first argument of setf. If usedthis way an object is stored in
the place. If the form is not used as first argument of setf the stored object is retrieved.
The cases are listed in the description of setf.

position:

(a) argument position: Occurrence of a textZunit as an element in a form excluding the
first one.

(b) operator position: Occurrence of a‘text unit as the first element in a form.
process: The execution of an ISLi$P text prepared for execution.

processor: A system or mechanism, that accepts an ISLISP text (or an equivalent data
structure) as input, prepares-it for execution, and executes the result to produce values and
side effects.

program: An aggregation of expressions to be evaluated, the specific nature of which
depends on context: Within this International Standard, the term “program” is used only
in an abstragt~way; there is no specific syntactic construct that delineates a program.

scope: Thé scope of an identifier is that textual part of a program where the meaning of
that identifier is defined; i.e., there exists an ISLisp object designated by this identifier.

slot~A named component of an instance which can be accessed using the slot accessors.
The structure of an instance is defined by the set of its slots.

1.7.37

1.7.38

1.7.39
1.7.40

text: A text that complies with the requirements of this International Standard (z.e., with
the syntax and static semantics of ISL1sP). An ISLISP text consists of a sequence of toplevel
forms.

toplevel form: Any form that either is not nested in any other form or is nested only in
progn forms.

toplevel scope: The scope in which a complete ISLISP text unit is processed.

writer: A method associated with a slot of a class, whose task is to bind a value with a
slot of an instance of that class.
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1.8 Errors

An error is a situation anqmg dunng execution in which the Processor i

u
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.

unable to ontirﬂ e

7

A violation is a situation arising during preparation for execution in which the textual

 TeqUITEINENts of tiis mtermationat-Stamdard are ot et A violation shatt be detected during

1.8.1 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 dode
is being prepared for execution).

Evaluation of the current expression shall stop:Ittis 1mplementat10n defined hethe the

g

nti 1tg deb + d it
CIivire 1u11111115 process exiis, a acougger is enverea U

within the process.

(b) “the consequences are undefined”

This means that the consequences’are unpredictable. The consequences may range frojn
harmless to fatal. No conforming ISLisp text may depend on the results or effects. A
conforming ISLIsP text must treat the consequences as unpredictable. In places where
“must,” “must not,” or {thay not” are used, then this is equivalent to stating that “th
consequences are undefiped” if the stated requirement is not met and no specific
consequence is explicitly stated. An implementation is permitted to signal an error in fhis
case.

<

For indexing and-cross-referencing convenience, errors in this International Standard have a1
associated @rror identification label, notated by text such as “(error-id. sample).” The text ¢f
these labels has no formal significance to ISLISP texts or processors; the actual class of any
object ‘which might be used by the implementation to represent the error and the text of any
error, message that might be displayed is implementation dependent.

1.8.2 Pervasive Error Types

Most errors are described in detail in the contect in which they occur. Some error types are so
pervasive that their detailed descriptions are consolidated here rather than repeated in full detail
upon each occurrence.

1. Domain error: 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 is
required in the definition of the function (error-id. domain-error).
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2. Arity error: an error shall be signaled if a function is activated with a number of
arguments which is different than the number of parameters as required in the function
definition (error-id. arity-error).

3. Undefined entity error: an error shall be signaled if the entity denoted by an identifier does
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 §21.4.

1.9 Compliance of ISLisP Processors and Text

An|ISLisp processor complying with the requirements of this International Standard shall

~~

~
=

3) accept and implement all features of ISLISP specified in this International Standard.

) reject any text that contains any textual usage which this Interfiational Standard explicitly
defines to be a violation (see §1.8).

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

features.

1) be accompanied by a document that separately, describes any features accepted by the
processor that are not specified in this Intern@fional Standard; these extensions shall be
described as being “extensions to ISLisp as-specified by ISO/IEC 13816:1997(E).”

omplying ISLisp text shall not rely.onimplementation-dependent features. However, a

copplying ISLIsP text may rely on implementation-defined features required by this
International Standard.

A

omplying ISLisp text shall not attempt to create a lexical variable binding for any named

conpstant defined in this International Standard. It is a violation if any such attempt is made.

2

In

Classes

[SLisP;~data types are covered by the class system. A class is an object that determines the

strpeture and behavior of a set of other objects, which are called its instances. Every ISLisp

Ob M nat-anc £ o cloce Thobobosiios 3o 4o oot f o o3 o Lot N £, A
Yeetis-aninstanee—of-a—elass—Fhebehavioris-the-set-of operations—thateanbeperformed-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

of

A

the inheriting class.

class can be named by an identifier. For example, this identifier can be used as a parameter

specializer in method definitions. The class special form can be used to refer to access the class
object corresponding to its name.

10


https://standardsiso.com/api/?name=f4385572386fadb623eb13d3fb6105d2

© ISO/IEC ISO/IEC 13816:1997(E)

.
A class C; is a direct superclass of a class C if O explicitly designates (] as a superclass in

its definition, or if C; is defined by this International Standard to be a direct superclass of C5
(for example, by indenting C; under Cj in Figure 1). In this case C is a direct subclass of C;.
A class C, is a superclass of a class C; if there exists a series of classes Cs,...,Cp—1 such that
Cit1 is a direct superclass of C; for 1 < i < n. In this case, C; is a subclass of C,,. A class is
considered neither a superclass nor a subclass of itself. That is, if C; is a superclass of Cs, then
Cy # Cy. The set of classes consisting of some given class C along with all of its superclasses is

If a user-defined class C inherits from two classes, C; and Cj, the only superclasses that/C}| and
Cs may have in common are <standard-object> or <object>. This allows a restricted form of

Every ISLISP object is a direct instance of exactly one class which is called fits” class.

An instance of a class is either a direct instance of that class or an instance of one of its
subclasses.

Classes are organized into a directed acyclic graph defined by the subclass relation. The
nodes are classes and there is an edge from C; to Cj iff Cy is\direct subclass of C2. This graph is
called the inheritance graph. It has as root the class <objé€ct>, the only class with no superflass.
Therefore it is the superclass of every class except itself. The class named <standard-obje¢t> is
an instance of the class <standard-class> and is a-superclass of every class that is an instance

of <standard-class> except itself.

Each class has a class precedence list, which is a total ordering on the set of the given clpss
and its superclasses. The total ordering is expressed as a list ordered from most specific to |east
specific. The class precedence list is used in several ways. In general, more specific classes can
shadow, or override, features that, Would otherwise be inherited from less specific classes. The
method selection and combinatidn process uses the class precedence list to order methods from
most specific to least specific:

2.1 Metaclasses

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

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, 1t is not possible to define
subclasses of a built-in class.

11
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<object>
<basic-array>

<basicarray*+>
<general-array*>
<basic-vector>
<general-vector>
<string>
<built-in-class>
<character>
<function>
<generic-function>
<standard-generic-function>
<list>
<cons>
<null> ;; Note: <null> also inherits from <symbol>
<number>
<float>
<integer>
<serious-condition>
<error>
<arithmetic-error>
<division-by-zero>
<floating-point-overflow>
<floating-point-underflow>
<control-error>
<parse—error>
<program-error>
<domain-error>
<undefined-entity>
<unboithd-variable>
cundefined-function>
<simpl€=error>
<stream-error>
<end-of-stream>
<storage-exhausted>
<standard-class>
<standard-object>
<stream>

<symbol>
<null> ;; Note: <null> also inherits from <list>

Subclasses appear indented under superclasses.

Figure 1. Class Inheritance

12
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2.2 Predefined Classes

ISO/IEC 13816:1997(E)

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

not metaclasses):

<arithmetic-error>

<floating-point-underflow>

<simple-error>

<basic-array>
<basic-array*>
<basic-vector>
<character>

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

<float>
<floating-point-overflow>

The classes <standard-class> and <built-in-clags>are predefined metaclasses.

A user-defined class, defined by defclass, mustshe implemented as an instance of
<standard-class>. A predefined class can beumplemented either as an instance of

<function>
<general-array*>
<general-vector>
<generic-function>
<integer>

<list>

<null>

<number>

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

<standard-generic—fupction>
<standard-object>
<storage-exhausted>
<stream>
<stream-error>
<string>

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

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

instance of <built-in-class>.

Figure 1 shows the required inheritaiice relationships among the classes defined by ISLisp. Fpr
each pair of classes C; and Co ifi,this figure, if Cy is linked directly by an arrow to Cy, C if a

direct superclass of Cy (and(Cyis 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 fhe

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 classgs
defined in this International Standard. However, additional implementation-specific
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>, <1iFt>’

<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 standard class is an instance of <standard-class>, and a built-in class is an instance of

<built-in-class>.

13
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A standard class defined with no direct superclasses is guaranteed to be disjoint from all of the
classes 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-function> is
the default class of all generic functions.

2.3 Standard Classes

2.3.l Slots

An ¢bject that has <standard-class> as its metaclass has zero or more named slots. Thé}slots
of ap object are determined by the class of the object. Each slot can hold one object asuts value.
The[name of a slot is an identifier.

Wh¢n a slot does not have a value, the slot is said to be unbound. The consequences are
und¢fined if an attempt is made to retrieve the value of an unbound slot.

Stmling and retrieving the value of a slot is done by generic functions defined by the defclass
defiping form.

All flots are local; i.e., there are no shared slots accessible by séveral instances.

A class is said to define a slot with a given name when thé&’defclass defining form for that
clasp contains a slot specifier with that name. Defining a.slot does not immediately create a slot;
it cquses a slot to be created each time an instance ofithe class is created.

A slot is said to be accessible in an instance _of\a class if the slot is defined by the class of the
insthnce or is inherited from a superclass of that class. At most one slot of a given name can be
accgssible in an instance. A detailed explahation of the inheritance of slots is given in the section

§7.1.3.

2.3|2 Creating Instances of ‘Classes

Thq generic function create creates and returns a new instance of a class. ISLIsP provides
sevgral mechanismsfor/specifying how a new instance is to be initialized. For example, it is
pospible to specify tie initial values for slots in newly created instances by providing default
initjal values,~-Further initialization activities can be performed by methods written for generic
funftions thatvare part of the initialization protocol.

3 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
scope and extent. Scope is a feature of an identifier, referring to that textual part of an ISLisp
text (see §1.3) within which this identifier occurs with unique meaning. Eztent refers to the
interval of execution time during which a certain object exists.

14
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A namespace is a mapping from identifiers to meanings. In ISLisP there are six namespaces:
variable, dynamic variable, function, class, block, and tagbody tag. It is therefore possible for a
single identifier to have any or all of these six meanings, depending on the context. For example,
an identifier’s meaning is determined by the function namespace when the identifier appears in
the operator position of a function application form, whereas the same identifier’s meaning is
determined by the variable namespace if it appears in an argument position in the same form.

3.1 The Lexical Principle

ISLisp is designed following the principle of lexical visibility. This principle states-that an
ISLisP text must be structured in properly nested lexical blocks of visibility. Within’a block] all
defined identifiers of that block and of all enclosing outer blocks are visible. Each identifier in a
namespace has the meaning determined by the innermost block that defines'it.

ISLisp also supports a form of dynamic binding. Dynamic bindings ate’established and
accessed by a separate mechanism (.., defdynamic, dynamic-let{ and dynamic). The dynpmic
value associated with such an identifier is the one that was established by the most recently
executed active block that established it, where an active block is one that has been established
and not yet disestablished. Because a separate mechanismds used, the lexical meaning of and the

dynamic value associated with an identifier are simultarfeously accessible wherever both are
defined.

3.2 Scope of Identifiers

The scope of an identifier is that part-of an ISLISP text where the meaning of the identifier fis
defined. It starts textually with the'definition point—a point that is specified individually fq
each form that establishes an idéntifier. Only identifiers can have a scope.

'~

For each namespace, if an identifier has scope s, and an identical identifier (in the same
namespace) has nested secope s, then the scope sy 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 eaclnnamespace, nested binding forms shadow outer binding forms and defining forms.

3.3 Some Specific Scope Rules

The toplevel scope 1s the scope of Identifiers of required built-in fUNCtions, Tequired buitt-im
macros, and constants.

Reserved identifiers are not subject to the lexical principle, because they are not identifiers.
They cannot be defined or bound. See §1.6.

15
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(let ((al f-al)

(x £-x)

(z1 £-z1))
; now al...x...z1are applicable, their scope begins here
(let ((a2 f-a2) ; al...x...z1 might be defined newly, but:
.. ; the outer al...x...z1 are still usable
(x T=%x2) T the IMmer a2~ . X. . . 22 are 1ot yet usable
(z2 £-2z2)) ; the scope of the outer x becomes shadowed

; the scope for the inner a2...x...z2 starts

; now outer al, z1 and inner a2...x...z2 are applicable
) ; scopes of a2...x...z2end here

; scope of outer x becomes unshadowed

N 1I1Es UllS

) ; scopes of al...x...z1 end here

Figure 2. Scope Example
3.4| Extent
Clorinlementarv to scone which 1s a svntactic concents. extent is a cemantic concent: Tt
Complementar y to scope which is a syntactic concepts, extentis a semantic concept: It
describes the lifetime of entities.

Objé¢cts are created at some time during execution. Intmost cases, it is undetermined when an
objert ends its existence: its lifetime begins when thé’object is created and ends when reference
to itfis no longer possible (and the object is subject to garbage collection). In this case the
objert is said to have indefinite extent.

Ino

Lher cases the processor creates entities that are associated with prepared text. The lifetime

of sych objects begins at the activation point of a defining construct and ends at the end of
actiyation; in this case the objectds‘said to have dynamic extent.

Dur

ng execution, defining forms and the following binding forms create bindings at their

actiyation points:

The

block  Yetw with-open-output-file
flet tagbody with-standard-input
for with-error-output with-standard-output
labels with-open-input-file

let with-open-io-file

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:

16

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

meaning of x is 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-cell
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 ag argument. The

Ciiv.

blndlng of x is an entity whose extent lasts from the activation point to the actlvatlon

S

4.1 Forms

Execution presupposes successful preparation for execution/of ‘an ISLisp text subject to the
evaluation model. Execution is an activation of a preparéd)text form that results in a value hnd
perhaps in some side effects.

An ISLisP text is a sequence of forms.
Throughout this International Standard the\value a form returns is described, but in general a
form might not return if one of its subforms executes a non-local exit (see §6.7.1). Therefore| it
should be understood that all such deseriptions implicitly include the provision that if the fqrm

returns, a particular value is returned-

The following are valid forms-inISLisP:

e Compound forms

Special forms

Defining forms

Function application forms

Macro forms

o/ Identifiers

e Literals

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,
or an identifier, or a lambda expression. The identifier names a function, 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.

17
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4.2 Function Application Forms

A function application form is a compound form whose operator is an identifier (naming a
function) or whose operator is a lambda expression. All of the arguments are evaluated, from left
to right, and the function is called with (or “applied to”) arguments that are, in the same order,
the objects resulting from these evaluations. This International Standard describes a function
application form in the following format:

(furfction-name argument*) — result-class function

Thi$ describes an ordinary function.

(geperic-function-name argument®) — result-class genleric function

Thi describes a generic function.

(lodal-function-name argument*) — result-class local function

Thik describes an ordinary function that is available only 1T a specified lexical scope.

4.

[JV]

Special Forms

A dpecial form is a form whose arguments are treated in a special way; for example, arguments
are|not evaluated or are evaluated in, a~special order. It is implementation defined whether any
spefial form is implemented as a macro (see §4.5 and §8). Special forms are recognized because
thely have a special operator(intheir operator position. The following are special operators:

and dynamic-let or while

assure flet progn with-error-output
block for quote with-handler

case function return-from with-open-input-file
case<using go setf with-open-io-file
catch if setq with-open-output-file
class labels tagbody with-standard-input
cond lambda the with-standard-output
convert let throw

dynamic let* unwind-protect

There might be additional, implementation-defined special operators.

This International Standard describes the evaluation of special forms in the following format:

(special-operator argument*) — result-class special operator

18
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A defining form is a toplevel special form (see §4.3) that establishes a binding between name
nd an object which is the result of handling the arguments according to the semantics implied

by defining-form-name; it is a violation if a defining form is not a toplevel form. For each
namespace, defining forms can occur at most once for the same name and, in case of method
definitions for the same parameter profile. A defining form is a compound form whose operator

1s a defining operator. lhese are the dehning operators:

defclass defdynamic defglobal defmethod
defconstant defgeneric defmacro defun

This International Standard describes defining forms in the following forinat:

(defining-form-name name argument*) — <symbol> defining operator

4.5 Macro Forms

Macro forms are expanded during preparation-for execution. It is implementation defined
whether any operator described by this International Standard as a macro is implemented ds a
special operator (see §4.3).

For information on how macros are(processed, see §8.

4.6 The Evaluation-Model

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

The process of-evaluation has two steps: A valid ISLISP text is first prepared for execution, jand
then the prepared text is executed. Both the process of preparing the text for execution ang the
properties)of a prepared text are implementation dependent, except that all macros have bgen
expanded in the prepared text (see §8). 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 variable
namespace of the current lexical environment. An error shall be signaled if no binding has

been established for the identifier in the variable namespace of current lexical environment
(see §1.8.2) (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 arguments
are evaluated according to the definition of the special operator. For example, if first

19
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See

4.7

A fy

evaluates its condition expression and, depending on the result obtained, it then
evaluates the “then” form or the “else” form.

(b) If the operator names a defining form, then the first argument is an identifier. The

remaining arguments are handled according to the specification of the defining form
and the resulting object is used to establish a binding between the identifier and that
object in the appropriate namespace.

(c) If the operator is a lambda-expression, then the arguments are evaluated. The order

of evaluation of the arguments is sequentially from left to right. Then the function
denoted by the lambda-expression is invoked with the evaluated arguments as actual
parameters. The result is the value returned by the function, if it returns.

Example:

((lambda (x) (+ x x)) 4) = 8

(d) Otherwise, the compound form is a function application form. The opérator position

of the form is an identifier; it will be evaluated in the function namespace to produce
a function to be called. An error shall be signaled if no binding has’been established
for the identifier in the function namespace of the current lexieal environment (see
§1.8.2) (error-id. undefined-function). The arguments are evaluated in order from left
to right, yielding objects (sometimes called “actual arguinents”) to which the function
will be applied. Then the function is invoked with the évaluated arguments as actual
parameters. The result is the value returned by the fiinction, if it returns.

Otherwise, an error shall be signaled (error-id. undéfined-function).

£1.8.2 for descriptions of error situations that-might occur during execution of the above
casep.

Functions

nction can receive some(objécts as arguments upon activation. If a function returns, it

retyrns an object as its value. A function binding can be established in one of the following

wayp:

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

by using labels and flet special forms

(fu

. FIERY I 1
LCLVIOIp 00Uy ) — 000iean

furnction

Returns t if 0bj is a (normal or generic) function; otherwise, returns nil. obj may be any ISLisp

object.

Example:

20
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Function bindings are entities established during execution of a prepared labels or flet forms
or by a function-defining form. A function binding is an association between an identifier,
function-name, and a function object that is denoted by function-name—if in operator
position—or by (function function-name) elsewhere.

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

This special form denotes a reference to the function named by the identifier function-name.
This special form is used to refer to identifiers defined by function-defining forms, labels, o
flet which are not in operator position.

(function function-name) can be written as #° function-name.

It returns the function object named by function-name.

An error shall be signaled if no binding has been established for.the identifier in the function
namespace of current lexical environment (see §1.8.2) (error-idxundefined-function). The

consequences are undefined if the function-name names a macro or special form.

Example:

(funcall (function -) 3) = -3
(apply #’- ’(4 3)) =1
(lambda lambda-list form*) S L function> special operator

Where:

lambda-list :;="“(identifier* [&rest identifier]) |
(identifier* [:rest identifier])

and-where no identifier may appear more than once in lambda-list.

Execution of the 1ambda special form creates a function object.

The scope of the identifiers of the lambda-list is the sequence of forms form*, collectively refarred

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 &rest or :rest variable, if any, is bound to the list of the values of the remaining arguments.
An error shall be signaled if the number of arguments received is incompatible with the specified
lambda-list (error-id. arity-error).
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Once the lambda variables have been bound, the body is executed. If the body is empty, nil is
returned otherwise the result of the evaluation of the last form of body is returned if the body

was not left by a non-local exit (see §6.7.1).

If the function receives a &rest or :rest parameter R, the list L; to which that parameter is
bound has indefinite extent. L; is newly allocated unless the function was called with apply and
R corresponds to the final argument, Ly, to that call to apply (or some subtail of L), in which
case it is implementation defined whether L; shares structure with L.

Exanple:

((lambda (x y) (+ (* x x) (x y y))) 3 4)
= 25

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

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

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

(1apels ((function-name lambda-list form*)*) body-forms¥)’ — <object> special operator
(£f1pt ((function-name lambda-list form*)*) body-forms¥) — <object> special operator

Thed flet and labels special forms allow the definition of new identifiers in the function
nanjespace for function objects.

In 4 labels special form the scope of an-identifier function-name is the whole labels special
forrh (excluding nested scopes, if any);j(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
whdse behavior is equivalent to (Tambda lambda-list form*), where free identifier references are
resqlved as follows:

b For a labels fornt 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 funs f1.e,, any reference to a function function-name refers to a binding created by
the labels):

lo 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 function activation.

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

Example:
(labels ((evenp (n)
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(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 (£ x))))
(£ 7)) = 17

(apply function obj* list) — <object> fun¢tion

Applies function to the arguments, obj*, followed by the elerents of list, if any. It returns phe
value returned by function.

An error shall be signaled if function is not a function (error-id. domain-error). Each obj may
be any ISLISP object. An error shall be signaled ifNist is not a proper list (see §1.5) (error-i
improper-argument-list).

=

Example:

(apply (if (< 1 2) (fuiction max) (function min))
12 (list -304)) = 4

(defun compose. (f g)
(lambda-{irest args)
(funcall f (apply g args))))) = compose

(func¢all (compose (function sqrt) (function *)) 12 75)
= 30

(funcall function obj*) — <object> fur{ction

Activates the specified function function and returns the value that the function returns. The
ith argument (2 < i) 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))

An error shall be signaled if function is not a function (error-id. domain-error). Each argument
may be any ISLisp object.
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Example:

(et ((x ’(1 2 3)))
(funcall (cond ((listp x) (function car))
(t (lambda (x) (coms x 1)))) x))

o4
= 1

4.8 | Defining Operators
Althpugh the names defined by defining forms can be used throughout the current toplevél'scope,
the grepared toplevel forms in an ISLISP text unit are executed sequentially from left-to right

defining forms with the same identifier in the same namespace are not allowed'in one

toplgvel scope.

(deflconstant name form) — <symbol> defining operator

1S

The

form is used to define a named constant in the variable aamespace of the current t

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

bugh name is globally constant, a variable bindingfor name can be locally established by a
ng form.

result of the evaluation of form is bound to-the variable named by name. The binding and

the gbject created as the result of evaluating,the second argument are immutable. The symbol

nam

bd name is returned.

Exanjple:

(defconstant e (2)7182818284590451) = e

e = 2.7182818284590451
(defun £ ()7e) = f
(£) = 2.7182818284590451
(deflglobal name form) — <symbol> defining operator

This
The

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

nam

e is returned.

A lexical variable binding for name can still be locally established by a binding form; in that
case, the local binding lexically shadows the outer binding of name defined by defglobal.
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Example:
(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))

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

(defdynamic name form) — <symbol> defining operator

This form is used to define a dynamic variable identifier in the dyfatic variable namespace. [The
scope of name is the entire current toplevel scope except the bédy form.
The symbol named name is returned.
Example:
(defdynamic *color* ’red) = red
(dynamic *colorx) = red
(defun what-color () (dynamic *color*))
= what-color
(what-color) = red
(dynamic-let ((*color* ’green)) (what-color))
= 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 botind to a function object equivalent to (lambda lambda-list form*).

The scope of function-name is the whole current toplevel scope. Therefore, the definition of
function admits recursion, occurrences of function-name within the form* refer to the functi

DIl

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 (i.e., those which are not contained in the lambda list) follow the rules of lexical
scoping.

Example:

(defun caar (x) (car (car x))) = caar
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5 Predicates

5.1 Boolean Values

The values t and nil are called booleans. t denotes true, and nil is the only value denoting
false. Predicates, also called boolean functions, are functions that return t when satisfied

and[mITr otherwise:

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

t is|an identifier naming the symbol t, and nil is an identifier naming the symbol nil (which is
alsg the empty list). nil is the unique instance of the <null> class.

Liké boolean functions, the and and or special forms return truth values; howevery these truth
valles are nil when the test is not satisfied and a non-nil value otherwise. The'result of and
and| or are quasi-booleans.

t = <symbol> named constant
nill — <null> named constant

t i a named constant whose value is the symbol t itself. 4l is a named constant whose value is
the|symbol nil itself.

5.2 Class Predicates

The following functions are one-argungent 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

In pddition, thefinétion instancep is a two-argument predicate that tests membership in an
arhitrary class.

5.3C-Equality

(eq objy objz) — boolean function
(eql obj; objs) — boolean function

eq and eql test whether obj; and objs are same identical object. They return t if the objects are
the same; otherwise, they return nil. Two objects are the same if there is no operation that
could distinguish them (without modifying them), and if modifying one would modify the other
the same way.
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For eq, the consequences are undefined if either obj; or obj is a number or a character. For eql
the meaning for numbers and characters is defined as follows:

o If obj; and obj, are numbers, eql tests whether they are direct instances of the same
classes and have the same value.

If an implementation supports positive and negative zeros as distinct values, then (eql

0.0 -0.0) returns nil. When the syntax -0.0 is read and it is interpreted as the value

0.0 then (eql 0.0 -0.0) returns t.

o If 0bj; and obj, are characters, eql tests whether they are the same character (sée)char=).

Example:

(eq OO O))

(eq O O)

(eql ) > ()

(eq 70 ()

(eql ’a ’a)

(eq ’a ’a)

(eql ’a ’A)

(eq ’a ’A)

(eql ’a ’b)

(eq ’a ’b)

(eql ’f ’nil)

(eq ’f ’nil)

(eql 2 2)

(eq 2 2)

(eql 2 2.0)

(eq 2 2.0)

(eql 100000000, 160000000)
(eq 100000000 100000000)
(eql 10.00000 10.0)

(eq 10400000 10.0)

(eql.\(cons 1 2) (comns 1 2))
(eg “cons 1 2) (cons 1 2))

(Let ((x ’(a))) (eql x x))
(let ((x ’(a))) (eq x x))
(eql ’(a) ’(a))
(eq ’(a) ’(a))
(let ((x *(b))

(y "(a b))

(eal x (cdr wu)))
ceg=—=——= ¥

N | L | R R 0 45 2 O VO

Y

et o o ct ot ct t ot

nil
nil
nil
nil
nil or t
nil
nil
nil or t
nil or t
nil
nil

nil or t
nil or t

nil or t

(implementation-defined

(implementation-defined

(implementation-defined

(implementation-defined)
(implementation-defined)

‘/implpmpniaﬁnn-(lpﬁnp

N—

(et ((x ’(b))
(y ’(a b))
(eq x (cdr y)))
(eql ’(b) (cdr ’(a b)))
(eq ’(b) (cdr ’(a b)))
(let ((p (lambda (x) x)))
(eql p p))
(let ((p (lambda (x) x)))
(eq p P))
(let ((x "a")) (eql x x))

44

44

nil or t
nil or t
nil or t

(implementation-defined)
(implementation-defined)
(implementation-defined)
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(let ((x "a")) (eq x x)) > t

(eql "a" "a" = il or t (implementation-defined)
(eq "a" "a" = il or t (implementation-defined)
(1et ((x ")) (eql x x)) => t

(let ((x ")) (eq x X)) = t

(eql " ") = nil or t (implementation-defined)
(eq "™ ") = il or t (implementation-defined)
(eql #\a #\A) = nil

(eq #\a #\A) = nil

(eql #\a #\a) = t

(eq #\a #\a) = il or t (implementation-defined)
(eql #\space #\Space) =t

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

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

(eqyal obj; 0bjs) — boolean

function

Thig function tests whether obj; and obj; are isomorphic—u.e. xwhether obj, and 0bj, denote the
samp structure with equivalent values. equal returns t if thé<test was satisfied, and nil if not.

Spedifically:

If 0d5; and obj, are instances of the same classes, equal returns t if they are eql. Otherwise (if
they are direct instances of the same classes but not“eql), the result is t if one of the following

casep applies:

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

(and (equal (car obj )\ (car objr))

(b} basic arrays:

(equal (array-dimensions obj)
(axray-dimensions o0bj2))

(equal (cdr dbj) (cdr obj2))) holds;

holds and\for every valid reference (aref obj; ind, ...ind,)
(equal (aref obj; ind; ...indy,)
(aref objp ind; ...ind,)) is satisfied.

Otherwise the value is nil.
obj1 and o0bjs may be any ISLISP objects.
Example:

(equal ’a ’a) = t

(equal 2 2) = t

(equal 2 2.0) = nil
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4
ot

(equal ’(a) ’(a))
(equal ’(a (b) c)
’(a (b) ¢))
(equal (cons 1 2) (coms 1 2))
(equal ’(a) (1list ’a))
(equal "abc' "abc")
(equal (vector ’a) (vector ’a))
(equal #(a b) #(a b))

ct ct ot ct ot ot

(equal #(a b) #(a c))
(equal gt "A")

nil
nil

R R

5.4 Logical Connectives

(not obj) — boolean function

“__”

This predicate is the logical “not” (or “=”). It returns t.if obj is nil and nil otherwise. obj
may be any ISLISP object.

Example:
(not t) = nil
(not *()) =t
(not ’nil) =t
(not nil) >t
(not 3) = nil
(not (1list)) =t
(not (list 3)) = nil
(and form*)) — <object> special operator

and\js the sequential logical “and” (or “A”). forms are evaluated from left to right until eith¢r
one of them evaluates to nil or else none are left. If one of them evaluates to nil, then nil |s
returned from the and; otherwise, the value of the last evaluated form is returned. The form Jand
is equivalent to the following:

(and) = ’t
(and form) = form
(and formy formg ... form,) = (if formy (and form, ... form,) 'nil)?

Example:

2For the definition of if, see §6.4 below.
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(and (=2 2) > 21)) = t
(and (= 2 2) (< 21)) = nil
(and (eql ’a ’a) (mot (> 1 2))) > t
(Let ((x ’a)) (and x (setq x ’b))) = b
(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 operator

or fis the sequential logical “or” (or “V”). forms are evaluated from left to'right until either one
of them evaluates to a non-nil value or else none are left. If one of thermyevaluates to a non-nil
value, then this non-nil value is returned, otherwise nil is returnedi¢The form or is equivalent
to phe following:

(or)
(or form)
(or formy formy ... formy,)

'nil
form
((1ambda.(var)
(&f var var (or forms ...formy,))) formy)
wheré~war does not occur in forms ... form,

I

Expmple:

(or (=22) (> 2 1)) =t
(or (= 22) (<271 >t
(let ((x ’a))€or x (setq x ’b))) = a
(let ((x nil))"(or x (setq x ’'b))) = b

6| Control Structure

6.1 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.
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The result of evaluating the literal constant constant is constant itself. Instances of the following
classes are literal constants: <basic-array>, <character>, and <number>

Example

#28((a b c) (d e f)) = #2A((a b ¢c) (d e £))

#\a => #\a

145032 = 145932

“abcll : "abc"

#(a b c) = #(a b c)
(quote obj) — <object> special operator
Tobj — <object> syptax

A quoted expression denotes a reference to an object. This notatien is used to include any opject
in an ISLisP text.

The character ’ (apostrophe or single quote) is syntaxfor/quotation. That is, (quote a) = ’a.

The result of the evaluation of the quote special form is obj.

Example:
(quote a) = a
(quote #(a b c)) = #(abc)
(quote (+ 1 2)) = (+12)
0] = nil
‘a = a
'#(a b ¢c) = #(abc)
’(car 1) = (car 1)
(+ 1 2) = (+12)
' (qudte ‘a) = (quote a)
) g = (quote a)
(car ’’a) = quote

The consequences are undefined if an attempt is made to alter the value of a quoted expresgion.

6.2 Variables

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

A variable is an association between an identifier and an ISLISP object and is denoted by that
identifier. The association can be altered (by assignment) using the setf special form or setq

special form.

The following are variable binding forms:
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defglobal 1let for letx*

var — <object> syntax

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

Exanjple:
(defglobal x 0) => x
X = 0
(et ((x 1)) x) =1
X =0
(setlq wvar form) — <object> special operator

This{form represents an assignment to the variable denoted by the4dentifier. In consequence, the
identifier may designate a different object than before, the valug'of form.

The fresult of the evaluation of form is returned. This resdlt is used to modify the variable
binding denoted by the identifier var (if it is mutable)\setq can be used only for modifying
bindjngs, and not for establishing a variable. The $étq special form must be contained in the
scopt of var, established by defglobal, let, let*, for, or a lambda expression.

Exanple:
(defglobal x 2) = x
(+ x 1) = 3
(setq x 4) = 4
(+ x 1) = 5
(let ((x 1))\(setq x 2) x) = 2
(+ x 1) = 5
(sefff _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:
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variables
dynamic bindings
the components of a basic-array

the components of a list

the components of a vector
the left component of a cons
the right component of a cons

ISO/IEC 13816:1997(E)

var

(dynamic war)

(aref basic-array z ...2z,)
(garef general-array z ...z,)
(elt lList z)

(elt basic-vector z)

(car cons)

(cdr cons)

a property of a symbol
a slot of an instance of a class

(property symbol property)
(accessor-name instance)

A place can also be a macro form that expands (during preparation for execution) into a pla
a function application form with operator op for which setf is defined or for which a generi
function named (setf op) has been defined. In these last two cases, that function will recei
as arguments the new value to be assigned followed by the objects that resulted from evalua
the arguments of the place form.

Example:

(setf (car x) 2) = 2
In the cons x, the car now is 2.
(defmacro first (spot)

*(car ,spot)) = first
(setf (first x) 2) = 2

In the cons x, the car now 152\

fe or

ve

b
Ling

(Let ((var form)*) body-fonrm*) — <object> special oper

ator

The 1let special formis used to define a scope for a group of identifiers for a sequence of for
body-form* (collectively referred to as the body). The list of pairs (var form)* is called the
variable list. @he’scope of the identifier var is the body.

The formis)form are evaluated sequentially from left to right; then each variable denoted by
identifiér var is initialized to the corresponding value. Using these bindings along with the
already existing bindings of visible identifiers the forms are evaluated. The returned value o
is-the result of the evaluation of the last body-form of its body (or nil if there is none).

ms

let

the

let

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

I

(et ((wary formy) ((lambda (var; vary ... var,)
(vary forms) body-form*
) formy forms ... formy)*

(vary, formy,)
body-form*)
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Example:

(let ((x 2) (y 3))
(* x y)) = 6

(let ((x 2) (y 3))
(let ((x 7)

(z (+ x 7))
(* z x))) = 35

(let ((x 1) (y 2))
(let ((x y) (y x)
(list x y))) = (2 1)

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

The|let* form is used to define a scope for a group of identifiers forva sequence of forms
body-form* (collectively referred to as the body). The first subform (the let#* variable list) is a

list
var

For

ne

per
enla

resy

No
folld

bf pairs (var form). The scope of an identifier var is theMbdy excluding nested regions of
if any, along with all form forms following the pair (v@r form) in the let* variable list.

each pair (var form) the following is done: formis evaluated in the context of the bindings
fect at that point in the evaluation. The resultwof the evaluation is bound to its associated

var';[lble named by the identifier var. These definitions enlarge the set of current valid identifiers

aps shadowing previous definitions (in.case some var was defined outside), and in this
rged or modified environment the foriis are executed. The returned value of let* is the
It of the evaluation of the last form of its body (or nil if there is none).

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

(let* () body-form™)
(let* ((varyform;)

(progn body-form*)
(et ((wary formy))

(vdry-formy) (let ((wars forms))
(varn. .f;rmn)) o (let ((var, formy))
body-form™*) body-form*)...))

Example:

(let ((x 2) (y 3))
(let* ((x 7)
(z (+ xy)))
(* z x))) = 70

3For the definition of progn see §6.5 below.
“For the definition of 1ambda see 5.6.d.
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(et ((x 1) (y 2))
(let* ((x y) (y x))
(1ist x y))) = (2 2)

6.3 Dynamic Variables

A dynamic variable is an association between an identifier var and an ISLisp object in(the
dynamic variable namespace. Dynamic variables implement a form of dynamic binding.

Dynamic variables are defined globally by defdynamic and are established during the execufion

of a prepared dynamic-let.

Dynamic variable bindings defined by defdynamic persist indefinitely whereas those established

by dynamic-let are disestablished upon end of execution of this special form.

The value of a dynamic variable can be accessed by (dynamic‘war).

(dynamic war) — <object> special operpator

This special form denotes a reference to the idettifier denoting a dynamic variable. This spqcial

form is not allowed in the scope of a definition of var which is not done by defdynamic or
dynamic-let.

During activation, the current dynafnic binding of the variable var is returned that was
established most recently and is'still in effect. An error shall be signaled if such a binding d
not exist (error-id. unbound-vdriable).

DES

(setf (dynamic war)\form) — <object> special 1

orm

This special.fofm denotes an assignment to a dynamic variable. This form can appear anyw

that (dynamic wvar) can appear.

form=is-evaluated and the result of the evaluation is used to change the dynamic binding of
Af érror 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.

here

var.

(dynamic-Iet ((uar form)™) body-form™) — <object> special operator

The dynamic-let 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-1let. The dynamic-let special form establishes dynamic

variables for all vars.

References to a dynamic variable named by var must be made through the dynamic special form.
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All the initializing forms are evaluated sequentially from left to right, and then the values are
associated with the corresponding wvars. Using these additional dynamic bindings and the already
existing bindings of visible identifiers, the forms body-form™* are evaluated in sequential order.
The returned value of dynamic-let is that of the last body-form of the body (or nil if there is
none). The bindings are undone when control leaves the prepared dynamic-let special form.

Example:

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

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

(foo 2) = 3

6.4 | Conditional Expressions

(if {fest-form then-form [else-form]) — <object> special operator

The {est-form is evaluated. If its result is anything-non-nil, the then-form is evaluated and its
value]is returned; otherwise (if the test-form returned nil), the else-form is evaluated and its
valug is returned.

If nolelse-form is provided, it defaults.to-nil.

Example:

(if (> 3 2) ’yes’no) = yes
(it (> 2 3)Cyes ’no) = no
(if (> 2.8)) ’yes) = nil
(if (>352) (-3 2) (+ 3 2)) =1
Qe+ ((x 7))
(if (< x 0) x (- x))) = -7
(cond (test form*)*) — <object> special operator

Executing the prepared cond, the clauses (fest form*) are scanned sequentially and in each case
the test is evaluated; when a test delivers a non-nil value the scanning process stops and all
forms associated with the corresponding clause are sequentially evaluated and the value of the
last one is returned. If no test is true, then nil is returned. If no form exists for the successful
test then the value of this test is returned.
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cond obeys the following equivalences:

(cond) = nil
(cond (testy) = (or testy
(testy form3) (cond (testy form})
co) o))
(cond (test; form‘l") = (if testy
(testy forms3) (progn form;
D) (cond (testy form3)
ce))
Example:
(cond ((> 3 2) ’greater)
((< 3 2) ’less)) = greater
(cond ((> 3 3) ’greater)
((< 3 3) ’less)) = nil
(cond ((> 3 3) ’greater)
((< 3 3) ’less)
(t ’equal)) = equal
(case keyform ((key*) form*)* [(tform*)]) — <object> special operator

(case-using predform keyform ((key*™) form*)* [(t form*)])

— <object> special operftor

The case and case-using special forms, called case forms, provide a mechanism to execute a

matching clause from-aseries 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 keyllst of

the last clausezis-t the associated clause is executed if no key matches the keyform.

keyformdsya’form to be computed at the beginning of execution of the case form. If the resylt of

evaludting keyform is equivalent to a key, then the forms, if any, in the corresponding clausg

are

evaluated sequentially and the value of the last one is returned as value of the whole case fopm.
casé determines match equivalence by using eql; case-using match determines equivalenc¢ 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

PR 1 ] L 1 - - .l IL 4l 1 L1 L - 1-Lr e
llld-b(,111115 I‘/Cy’ LIIC CasT 10T ©VAIU4Ailes LU IILL. 11 VIIC VAIUuC UL ACGFuriie 15 UlIITICTIIL 110111 CVCly 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.
Example:

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

(case (car ’(c 4))
((a) ’a)
((®) b)) = nil

(case (car ’(c d))
((a e i ou) ’vowel)

((y) ’semivowel)
(t ’consonant)) = consonant

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

(case-using #’= (+ 1.0 1.0)

((1) ’one)
((2) ’two)
(t ’more)) = two

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

Sequencing Forms

(prdgn 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

left to right. The valuges of all the forms but the last are discarded, so they are executed only for
theiq side effects. ‘progn without forms returns nil.

Exanple:
(defglobal x 0) = x
(progn
(setq x 5)
(+ x 1)) = 6
(progn
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(format (standard-output) "“D" (+ 4 1)))
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prints 4 plus 1 equals 5

6.6 Iteration

(while—tesi-form—body-form*) — <null> special operator

Iterates while the test-form returns a true value. Specifically:

1. test-form is evaluated, producing a value V;.
2. If V, is nil, then the while form immediately returns nil.

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

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

Example:

(et ((x () (i 5))
(while (> i 0) (setq x (cons i x)) (setq i (- i 1)))

x) = (12345)
(for (iteration-spec*) (end-fest result*) form*) — <object> special opergtor
Where:
iteration-spéec = (war init [step])

fof repeatedly executes a sequence of forms form*, called its body. It specifies a set of identifiers
farhing variables that will be local to the for form, their initialization, and their update for pach
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-lest, and the Tesult* A step might
be omitted, in which case the effect is the same as if (var init var) had been written instead of
(var init). Tt is a violation if more than one iteration-spec names the same var in the same for
form.

The for macro is executed as follows: The init forms are evaluated sequentially from left to
right. Then each value is used as the initial value of the variable denoted by the corresponding

identifier var, and the iteration phase begins.

Each iteration begins by evaluating end-test. If the result is nil, the forms in the body are
evaluated sequentially (for side effects). Afterwards, the step-forms are evaluated sequentially
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order from left to right. Then their values are assigned to the corresponding variables and the
next iteration begins. If end-test returns a non-nil value, then the result* are evaluated
sequentially and the value of the last one is returned as value of the whole for macro. If no
result is present, then the value of the for macro is nil.

Example:

(for ((vec (vector 0 0 O 0 0))
(10 (+1i1)))
((= 1 5) vec)
(setf (elt vec i) i)) = #(0 123 4)

(let ((x (1357 9)))
(for ((x x (cdr x))

(sum 0 (+ sum (car x))))
((null x) sum))) = 25

6.7 | Non-Local Exits
6.7.1 Establishing and Invoking Non-Local Exits

ISLisp defines three ways in which to perform non-local éxits:

Destination Kind Established by Invoked by Operation Performed

blodk tag block return-from lexical exit
taglody tag tagbody go lexical transfer of control
catdh tag catch throw dynamic exit

A nqn-local exit, is an operation that.forces transfer of control and possibly data from an

involjing special form to a previously eéstablished point in a program, called the destination of
the ekit.

A lexical exit is a non-lpcal-exit from a return-from form to a block form which contains it
both [lexically and dynamically, forcing the block to return an object specified in the
return-from form.

A dynamic exit(s a non-local exit from a throw form to a catch form which contains it
dynamically.(but not necessarily lexically), forcing the catch to return an object specified in the
formz

A lexical transfer-of-controlisanonloen ©
form which contains it both lexically and dynamically.

When a non-local ezit is initiated, any potential destination that was established more recently
than the destination to which control is being transferred is immediately considered invalid.

(block name form*) — <object> special operator
(return-from name result-form) transfers control and data special operator
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The block special form executes each form sequentially from left to right. If the last form exits
normally, 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 the
body form*—only a return-from textually contained in some form can exit the block. The

extent of name is dynamic.

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

the value 1t returns 1s immediately returned irom the innermost lexically enclosing block tojm
with the same name.

return—-from is used to return from a block. name is not evaluated and must be an identifiqr. A
block special form must lexically enclose the occurrence of return-from; the valie produced by
result-form is immediately returned from the block. The return-from form réver returns and

does not have a value.

An error shall be signaled if an attempt is made to exit a block after\it has been exited
(error-id. control-error); It is a violation if name is not an identifier. It is a violation if a blgck
with a corresponding name does not exist. See §6.7.2 for other, errors.

Example:

(block x
(+ 10 (return—-from x 6) 22)) ;;;“Bad programming style
= 6

(defun f1 ()
(block b
(let ((f (lambda ())(return-from b ’exit))))
... ; big compuitation
(£2 £)))) = f1

(defun f2 (g)
; big\computation
(funcdll g)) = f2

(£1) = 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
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(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
(cagehtag-form form*)———<vbyect speecial-operator
(thyow tag-form result-form) transfers control and data special operator

The|special forms catch and throw provide a facility for programming of structured non-logal
dyngmic exits. A catch form and a throw form are said to correspond if the tag-form of the
cat¢h and the tag-form of the throw evaluate to the same object, a catch tag. A catch tag may

be

any object other than a number or a character.

The|catch special form first evaluates the tag-form to produce a catch tag, and\then executes
eacH form sequentially from left to right. If execution of the forms finishes fiermally, whatever is
retukned by the last form is returned by the catch form.

Pridr to execution of the forms of a catch form Co, an associationdetween the catch tag To and

the

bxecuting form Cy is dynamically established, upon exit fromf Co; the association is

disebtablished. If there was an outer association for the same catch tag Tp, it is hidden during

the
To

kxecution of Cy’s forms; only the most recently established’(i.e., innermost) association for
ik ever visible.

If a|throw special form is executed, it evaluates the fag-form producing a catch tag T1, and then
evaluates the result-form producing a result R;. Ifithere is a corresponding association between

T

4nd some catch form C; that is executingy R} is immediately returned as the value of Cj.

Thd throw form can be anywhere in the entire current toplevel scope; it need not be lexically
confained within C;.

A cptch tag may be any object thatus neither a number nor a character; the comparison of catch

tags

An

uses either eq.

error shall be signaled(ifythere is no outstanding catcher for a Ty (error-id. control-error).

See|§6.7.2 for other errors.

Example:

42

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

detum bar <X
(for ((1 x (cdr 1))
(sum 0 (+ sum (car 1))))
((null 1) sum)
(cond ((not (numberp (car 1))) (throw ’block-sum 0)))))

= bar
(foo ’(1 2 3 4)) = 10
(foo (1 2 a 4)) =0
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(tagbody {tagbody-tag | form}*) — <object> special operator
(go tagbody-tag) transfers control special operator

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

..'::_g aabod aas and forms i olle e elerre e od of 3 agbod Oorm.

An identifier tagbody-tag that appears at toplevel of the body denotes a tagbody tag that|can
be used with go to transfer control to that point in the body. Any compound form that appears
is taken as a form. Literals are not permitted at the toplevel of a tagbody. No tagbody-tag may

appear more than once in the tags in the body
The namespace used for taghody tags is distinct from that used for block tags:

At any point lexically contained in the tagbody a form (go tag;) can be used to transfer coItrol
to a tag tag; that appears among the tagbody-tags, except where a(tay; is shadowed according to
the lezical principle (see §3.1).

A tagbody-tag established by tagbody has lexical scope, but the point in the program to which it
refers has dynamic extent. Once tagbody has been exitédy'it is no longer valid to use go to
transfer to any tag in its body.

The determination of which elements of the body“are tagbody-tags and which are forms is rhade
prior to any macro expansion of that element~J form is a macro form and its macro expansion
is a symbol or literal, that atom is treated asa form, not as a tagbody-tag.

It is a violation if a tagbody tag is other than an identifier. See §6.7.2 for other errors.

Note: As a stylistic matter, programmers are not encouraged to use tagbody and go in everyday
programming. The primary usés\for which these forms are intended are for implementing other cogtrol
abstractions (using macros), and for the occassional real-world situation that parallels the unstructured
imperative transfer of control that these facilities provide (such as a finite state machine).

Example:

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

,@forms))))))
= with-retry

(1et ((i -5))
(with-retry
;; if-error is a hypothetical error correction function
;; not supplied by ISLISP.
(if-error (sqrt (setq i (+ i 4)))
(retry))))
= 1.7320508075688772
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6.7.2 Assuring Data Consistency during Non-Local Exits

(unwind-protect form cleanup-form*) — <object>

unwi
of wh

If thg

valud

If a 1
and 1

The
of th
descr
unwi

An e

hd-protect first evaluates form. Evaluation of the cleanup-forms always occurs, regardless
ether the exit is normal or non-local.

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

on-local exit from form occurs, then the cleanup-forms are executed as part, 'of that exit,
hen if all of the cleanup-forms exit normally the original non-local exit, €ontinues.

cleanup-forms are evaluated from left to right, discarding the resultihg values. If execution
e cleanup-forms finishes normally, exit from the unwind-protegt.form proceeds as

ibed above. It is permissible for a cleanup-form to contain afién‘local exit from the
hd-protect form, subject to the following constraint:

a no

rror shall be signaled if during execution of the cleanup<forms of an unwind-protect form,
-local exit is executed to a destination which has been marked as invalid due to some other

non-Jocal exit that is already in progress (see §6.7.1) {error-id. control-error).

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

80) ¥

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

Example:

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

44

tdaefun bar (L)
(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

special operator
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(foo ’(a b ac)) = found
(property ’a ’label) = nil
(defun test ()

(catch ’outer (test2))) = test

(defun test2 ()
(block inner

ISO/IEC 13816:1997(E)

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

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

(defun testé ()

(throw ’outer 6)) = test4d

(test)

= anerror shall be signaled

In the test example, the throw executed in test4 has as destination the catcher established in
test. The unwind-protect in test3 interceptsithe transfer of control and attempts to execlite a

return-from from the block in test2. Because this block is established within the dynamjc

extent of the destination catcher, an error;is'signaled.

7 Objects

7.1 Defining Classes

The defclass defining form is used to define a new named class.

The definition of a class includes the following:

¢, The name of the new class.

The list of the direct superclasses of the new class.

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

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.

The slot options and class options of the defclass defining form provide mechanisms for the

following:

e Supplying a default initial value form for a given slot.
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o Requesting that methods for generic functions be automatically generated for retrieving or
storing slot values and inquiring whether a value is bound to the slot.

o Indicating that the metaclass of that class is to be other than the default.

(defclass class-name (sc-name*) (slot-spec*) class-opt*) — <symbol> defining operator

Whdre:

clasd-name = identifier

sc-npime = identifier

slot-lspec = slot-name | (slot-name slot-opt*)
slotname := identifier

slot{opt = :reader reader-function-name |

:writer writer-function-name |
:accessor reader-function-name |
:boundp boundp-function-name |
:initform form |

:initarg initarg-name
tnitgrg-name = identifier

reader-function-name = identifier

wrifer-function-name = identifier

clasg-opt = (:metaclass class-name))\|
(:abstractp abstract-flug)

abstract-flag = t|nil

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

Thd class-name argument is an/dentifier which becomes the name of the new class. The defining
point of the class-name is th€ end of the defclass defining form.

Each superclass name afgument sc-name is an identifier that specifies a direct superclass of the
new class. The new dlass will inherit slots and their :reader or :writer or :accessor methods
frorh each of its superclasses. See §7.1.3 for a definition of how slots are inherited, and §7.2.3 for
a dé¢finition of hew methods are inherited. No sc-name may appear more than once in super
clags names.{t)is a violation if the superclasses of any two direct superclasses sc-name have
supprclasses.other than <standard-object> and <object> in common unless a metaclass other
thah <$tandard-class> is specified.

Each slot-spec argument is the name of the slot or a list consisting of the slot name tollowed by
zero or more slot options. The slof-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

The following slot options are available:
e The :reader slot option specifies that an unqualified method with the parameter profile
((z class-name)) is to be defined on the generic function named reader-function-name to

retrieve the value of the given slot. The :reader slot option may be specified more than
once for a given slot.
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e The :writer slot option specifies that an unqualified method with the parameter profile
((y <object>) (z class-name)) is to be defined on the generic function named
writer-function-name to store the value into the slot. The writer-function-name argument
is an identifier. The :writer slot option may be specified more than once for a given slot.

e The :accessor slot option specifies that an unqualified method is to be defined on the
generic function named reader-function-name to retrieve the value of the given slot.
Furthermore, there is a generic function such that (setf (reader-function-name z) y) is

This generic function is extended by a method with the parameter profile ((y <object>)
(z class-name)). The reader-function-name argument is an identifier. The :accesson

slot option may be specified more than once for a given slot.

e The :boundp slot option specifies that an unqualified method with the patameter profile
((z class-name)) is to be defined on the generic function named boundp-function-nanie to
test whether the given slot has been given a value. The :boundp slot option may be
specified more than once for a given slot.

e The :initform slot option is used to provide a default initial\value form to be used in|the
initialization of the slot. The :initform slot option may be specified once at most for |a
given slot. This form is evaluated every time it is used tO)initialize the slot. The lexicaf
scope of the identifiers used in the initialization of tle/slot is the lexical scope of those
identifiers in the defclass form. Note that the lexical scope refers both to variable anfl to
function identifiers. In contrast, the current dynamic bindings used are those existing
during activation of create. For more inforfation, see §7.4.1.

o The :initarg slot option declares an idifialization argument named initarg-name and
specifies that this initialization argument initializes the given slot. If the initialization
argument and associated value are §upplied in the call to initialize-object, the vale
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 1o the :initform option, if specified. The consequences arg
undefined if more thamone initialization argument for the same slot is supplied. For mjore
information, see §7.4.1.

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

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

E&ch 'class option is an option that refers to the class as a whole. The following class optiong are
available:

laal) o ced O—GB-E
o 11IT .

2 elass Hsed—te—sp thatinstances ass—being de d are
to have a different metaclass than the default provided by the system, that is, different
from the class <standard-class>. The class-name argument is the name of the desired
metaclass. The :metaclass class option may be specified once at most. It is a violation if
<built-in-class> is specified as the metaclass.

e The :abstractp class option is used to specify that the class is an abstract class. If this
option is supplied and abstract-flag is t, create will signal an error if an attempt 1is made
to create an instance of this class. If the option is unsupplied, or if abstract-flag is nil, the
class is not an abstract class. It is a violation if the abstract-flag is supplied but is neither ¢
nor nil.
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The following rules of defclass hold for standard classes:

An

o The defclass defining form must be in the scope of any superclass identifier it refers to.
e All the superclasses of a class must be defined before an instance of the class can be made.

e Any reference to class-name as a parameter specializer in a defmethod form must be in the

the defclass form that defines that class.

SLIsP processor may be extended to cover situations where these rules are not obeyed.

Thege extensions shall be implementation defined.

Somnge slot options are inherited by a class from its superclasses, and some can be shadowed or
alteted by providing a local slot description. No class options are inherited. For a/detailed
desqription of how slots and slot options are inherited, see the section §7.1.3.

If no slot accessors are specified for a slot, the slot cannot be accessed.

When a class is defined, the order in which its direct superclasses aréunentioned in the defining
form is important. The new class has a local precedence order;which is a list consisting of

the

7.1

class followed by its direct superclasses in the order mentioned‘in its defclass defining form.

1 Determining the Class Precedence List

The defclass defining form for a class provides a“total ordering on that class and its direct
sup¢rclasses. This ordering is called the local*precedence order. It is an ordered list of the class
and|its direct superclasses. The class preeedence list for a class C'is a total ordering on C and

its

quperclasses that is consistent with the‘local precedence orders for each of C and its

supg¢rclasses.

The class precedence list is always ‘consistent with the local precedence order of each class in the

list

| The classes in each local\ptecedence order appear within the class precedence list in the

same order.

Let|Cy, ..., Cy, be the'direct superclasses of C in the order defined in the defclass defining form

for

C. Let Py,..£)P4 be the class precedence lists for C1, ..., C,, respectively. Define P - @ on

class precedenceslists P and @ to be the two lists appended. Then the class precedence list for C
is d - Py - . ~xFPn with duplicate classes removed by repeated application of the following rule: If
a clhss appears twice in the resulting class precedence list, the leftmost occurrence is removed.

It i

$ a.violation if an attempt is made to define an instance of <standard-class> whose direct

superclasses have class precedence lists with classes other than <standard-object> and
<object> in common.

7.1.2 Accessing Slots

Slo

ts can be accessed by use of the slot accessors created or modified by the defclass defining

form.
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The defclass defining form provides syntax for generating methods to retrieve and store slot
values. If a reader is requested, a method is automatically generated for retrieving the value of
the slot, but no method for storing a value into it is generated. If a writer is requested, a
method is automatically generated for storing a value into the slot, but no method for retrieving
its value is generated. If an accessor is requested, a method for retrieving the value of the slot
and a method for storing a value into the slot are automatically generated.

When a reader or writer is specified for a slot, the name of the generic function to which the

name, and the generlc function takes two arguments: the new value and the instance; in)thal
order. If the name specified for the accessor option is the identifier name, the name-of the
generic function for retrieving the slot value is the identifier name, and storing a 'value into the
slot can be done by using the syntax (setf (name instance) new-value).

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

7.1.3 Inheritance of Slots and Slot Options

The set of the names of all slots accessible in an instanee of a class C is the union of the setg of
names of slots defined by C' and its superclasses. The structure of an instance is the set of
names of slots in that instance.

In the simplest case, only one class among (' and its superclasses defines a slot with a given fslot
name. If a slot is defined by a superclass ©f*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 athong C and its superclasses can define a slot with a given
name. In such cases, only oneslot 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:

o All the slot specifiers for a given slot name are ordered from most specific to least specffic
according to, the order in C’s class precedence list of the classes that define them. All
referencés-to the specificity of slot specifiers immediately below refer to this ordering.

e Thedefault initial value form for a slot is the value of the :initform slot option in th{
most specific slot specifier that contains one. If no slot specifier contains an :initforn slot
option, the slot has no default initial value form.

The :reader, :writer, and :accessor slot options create methods rather than define the

| <tics of a slof. Reader and wri hods are inherited in £} lescribed in the

section §7.2.3.

7.2 Generic Functions

A generic function is a function whose application behavior depends on the classes of the
arguments supplied to it. A generic function object contains a set of methods, a lambda-list, a
method combination type, and other information. The methods define the class-specific behavior
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and operations of the generic function; a method is said to specialize a generic function. When
invoked, a generic function executes a subset of its methods based on the classes of its arguments.

A generic function can be used in the same ways that an ordinary function can be used.
A method consists of a method function, a lambda list, a sequence of parameter specializers

that specify when the given method is applicable, and a sequence of qualifiers that is used by
the method combination facility to distinguish among methods. Each required formal parameter

of eath method has an associated parameter specializer, and the method 1s invoked only on
argumnents that satisfy its parameter specializers.

The method combination facility controls the selection of methods, the order in which they are
activhted, and the value that is returned by the generic function. ISLisp provides a default
methlod combination type and provides a facility for declaring new types of method combination.

Like fan ordinary ISLisp function, a generic function takes arguments, performs a serjes/of
operations, and returns a value. An ordinary function has a single body of code that’is always
execlited when the function is called. A generic function has a set of bodies of ‘code of which a
non-¢mpty subset is selected for execution. The selected bodies of code and‘thé manner of their
combination are determined by the classes of the arguments to the genericyfunction and by its
metHod combination type.

(genleric-function-p obj) — boolean function

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

7.2.1 Defining Generic Functions

Somf forms specify the options of a generic function, such as the type of method combination it
uses|or its argument precedence order. These forms will be referred to as “forms that specify
gendric function options.” These forms are the defgeneric defining forms.

Somle forms define methods for a generic function. These forms will be referred to as
“mefhod-defining forms,2~These forms are the defmethod and defclass defining forms.

Dur{ng preparation for execution, a defmethod form must be preceded by the defgeneric form
for fhe generic funiction to be specialized. (Methods implicitly defined by defclass due to
:repder, :writer, or :accessor options do not need a preceding defgeneric.)

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

Where:
func-spec = identifier | (setf identifier)
lambda-list = (var* [grest wvar]) |
(var* [:rest wvar])
option = (:method-combination symbol) |
(:generic-function-class class-name)
method-desc = (:method method-qualifier* parameter-profile form*)
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method-qualifier = :before | :after | :around

parameter-profile = ({var | (var parameter-specializer-name)}* [{&rest | :rest}var])
parameter-specializer-name = class-name

class-name = identifier

LACILe JLet

The defgeneric defining form is used to define a generic function and to specify options and

declarations that nertain to a generic function as a whole
r [=}

It returns the generic function name func-spec.

Tha

Qerone o
4 11T dSLupc v
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must be congruent with lambda-list. See the section §7.2.2.2 for a definition of congruence in [this
context.

The lambda-list argument is an ordinary function lambda-list.

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

e The :generic-function-class option specifies.that the generic function is to have a
different class from the default provided by tlie)system, that is, different from the class
<standard-generic-function>. The class?name argument is the name of a class that|can
be the class of a generic function.

e 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 and
standard.

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

=]

If no method dédscriptions are specified, a generic function with no methods is created. An egror
shall be signaled if a generic function is called and no methods apply.

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 lambda-lists fhat

are’congruent with this shape. For further details on method congruence, see §7.2.2.2.

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

7.2.2 Defining Methods for Generic Functions

(defmethod func-spec method-qualifier* parameter-profile form*)
— <symbol> defining operator

Where:
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func-spec = identifier | (setf identifier)

method-qualifier :before | :after | :around

parameter-profile ({var | (var parameter-specializer-name)}* [{&rest | :rest}var])
parameter-specializer-name class-name

class-name w= identifier

The defme de
funcpion name func-spec.

A mpthod-defining form contains the code that is to be executed when the arguments to the
generic function cause the method that it defines to be invoked.

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

o It is a violation if the given name func-spec already designates a generic funetion and this
generic function contains a method that agrees with the new one on parameter specializers
and qualifiers. For a definition of one method agreeing with another on-parameter
specializers and qualifiers, see the section §7.2.2.1.

4 If the given name func-spec designates a generic function and4his generic function does not
contain a method that agrees with the new one on parametet specializers and qualifiers,
the new method is added to the generic function.

4 It is a violation if the defmethod defining form is in-the scope of a func-spec identifier that
does not designate a generic function.

4 It is a violation if the given name func-spec doés not exist in the current toplevel scope
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|lambda-list of the method being, defined must be congruent with the lambda-list of the
gengric function. See §7.2.2.2 for a'definition of congruence in this context.

Each method-qualifier argament is an object that is used as an attribute to the given method by
method combination. A Tnethod qualifier is a non-nil symbol or keyword. The method
cornr]bination 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
reqyired\parameters can be replaced by specialized parameters. A specialized parameter is a list
of theform (wvariable-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 form arguments specify the method body.

No two methods with agreeing parameter specializers and qualifiers may be defined for the same
generic function. See the section §7.2.2.1 for a definition of agreement in this context.

A method is not a function and cannot be invoked as a function.
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Each method has a specialized lambda-list, which determines when that method can be
applied. A specialized lambda-list is like an ordinary lambda-list except that a specialized
parameter may occur instead of the name of a required parameter.

7.2.2.1 Agreement on Parameter Specializers and Qualifiers Two methods are said
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 Py ... Py .

2. For each 1 <i<n, Py; agrees with P, ;. The parameter specializer P; ; agrees with Py ; if
P, ; and P, ; denote the same class. Otherwise P, ; and P, ; do not agree.

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

The parameter specializers are derived from the parameter specializer' names as described aljove.

7.2.2.2 Congruent Lambda-Lists for all Methods-of a Generic Function These fules
define the congruence of a set of lambda-lists, including)the lambda-list of each method for 4
given generic function and the lambda-list specified for the generic function itself, if given.

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

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

7.2.3 Inheritance of Methods

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

The inhefitance of methods acts the same way regardless of whether the method was created by
using éme-of the method-defining forms or by using one of the defclass options that causes
methagds to be generated automatically.

7.3 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.
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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 specific method first.

3. Apply applicable methods according to the method combination.

7.3.1 Selecting the Applicable Methods

Given a generic function and a set of arguments, an applicable method is a method for that
genefic function whose parameter specializers are satisfied by their corresponding argumients.
The [following definition specifies what it means for a method to be applicable and for an
argument to satisfy a parameter specializer.

Let {A;,..., A,) be the required arguments to a generic function in order, Léb (P1,...,P,) be
the parameter specializers corresponding to the required parameters of théumethod M in order.
The|method M is applicable when each A; satisfies P;. If P; is a cldss, and if A; is an instance
of alclass C, then it is said that A; satisfies P; when C' = P; or when (' is a subclass of P;.

A mlethod all of whose parameter specializers are the class named <object> is called a default
method, it is always applicable but might be shadowed by-a more specific method.

Methods can have qualifiers, which give the method ¢ombination procedure a way to
distinguish among methods. A method that has oné’er more qualifiers is called a qualified
method. A method with no qualifiers is called an‘unqualified method. A qualifier is any
objdct other than a list; i.e., any non-nil synibel or keyword. The qualifiers defined by standard
method combination are keywords.

7.3J2 Sorting the Applicable-Methods

To ¢ompare the precedence of two methods, their parameter specializers are examined in order.
The examination order.js“from left to right.

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

If spre) corresponding parameter specializers are not equal, the first pair of parameter

specializers that are not equal determines the precedence. 'I'he 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
method last.
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7.3.3 Applying Methods

In general, the effective method is some combination of the applicable methods. It is defined by
a form that contains calls to some or all of the applicable methods, returns the value that will be
returned as the value of the generic function, and optionally makes some of the methods
accessible by means of call-next-method. This form is the body of the effective method; it is
augmented with an appropriate lambda-list to make it a function.

The role of each method in the effective method is determined by its method qualifiers and he
specificity of the method. A qualifier serves to mark a method, and the meaning of a qualifigr is
determined by the way that these marks are used by this step of the procedure. An error shall
be signaled if an applicable method has an unrecognized qualifier.

ISLisp provides two method combination types. To specify that a generic function is to use ¢gne
of these method combination types, the name of the method combinationtype is given as the
argument to the :method-combination option to defgeneric.

The names of the method combination types are nil and standazd:

7.3.3.1 Simple Method Combination In the simple‘case—the nil method combinatipn
type where all applicable methods are primary methods*—the effective method is the most
specific method. That method can call the next most specific method by using
call-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
signaled if call-next-method is called and there is no next most specific method.

7.3.3.2 Standard Method Conibination Standard method combination is used if no ¢ther
type of method combination is speeified or if the method combination standard is specified.

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

e A :befére method has the keyword :before as its qualifier. A :before method specifies
code®hat is to be run before any primary methods.

o_Adr~: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 tlo

cause some of them to be tun

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 next
method. When the next method returns, the :around method can execute more code,
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perhaps based on the returned value. An error shall be signaled if call-next-method is
used and there is no applicable method to call. The function next-method-p can be used
to determine whether a next method exists.

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

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.

The most specific primary method is called. Inside the body of a primary method, the
form call-next-method can be used to call the 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‘there
are no more applicable primary methods. The next-method-p function can be,used to
determine whether a next method exists. If call-next-method is not used, gnly’the most
specific primary method is called.

All the :after methods are called in most-specific-last order. ReturnedZvalues are ignored.
An error shall be signaled if call-next-method is used in an :after method.

If no :around methods were invoked, the most specific primaryunethod supplies the value
returned by the generic function. The value returned by theGinvocation of
call-next-method in the least specific :around method are those returned by the most
specific primary method.

An drror shall be signaled if there is an applicable method but no applicable primary method

whil

The
least]

b using standard method combination.

:before methods are run in most-specific-first order while the :after methods are run in
Lspecific-first order. The design rationale for this difference can be illustrated with an

example. Suppose class C; modifies thé behavior of its superclass, Cs, by adding :before and

raf
1s in
inst3
Clas

By g
:arg

If on

er methods. Whether the behavior of the class Cs is defined directly by methods on C5 or
herited from its superclasses-does not affect the relative order of invocation of methods on
nces of the class C;. Class Gf’s :before method runs before all of class C5’s methods.

5 C1’s :after method runs after all of class Cy’s methods.

ontrast, all :arouidimethods run before any other methods run. Thus a less specific
und method rufis)before a more specific primary method.

ly primarysnethods 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.

7.3.4—Calling Morc General Methods

(call-next-method) — <object> local function
The call-next-method function can be used within the body of a method to call the next
method.

It returns the value returned by the method it calls.
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The type of method combination used determines which methods can invoke call-next-method
and what is the next method to be called.

In the case of simple method combination where the method combination qualifier is nil the
next method is the next most specific method.

The standard method combination type allows call-next-method to be used within primary
methods and :around methods. The standard method combination type defines the next

method as 101owWs:

e In an :around method, the next method is the next most specific : around method.

e In a primary method the next method is the next most specific method.

For further discussion of call-next-method, see §7.3.3.

call-next-method passes the current method’s original arguments to/the next method. Neitlher
using setq nor rebinding variables with the same names as parameters of the method affects|the
values call-next-method passes to the method it calls. The call-next-method function retyirns
the value returned by the method it calls. After call-next=method returns, further computaltion
is possible. The next-method-p function can be used toytest whether there is a next method|

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

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

(next-method-p) — boolean local function

The next-method-p function can be used within the body of a method defined by a
method-defining form' to determine whether a next method exists. The next-method-p function
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 4s"a8 if it were established by labels. The function object to which the binding refers| has
indefinite extent.

7.4 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
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1al initialization. The last two steps of create are implemented by the
generic functlon initialize-object to provide a mechanism for ¢ ustomlzlng those steps. The
initialization arguments (the initargs and initvals) are given as a single list argument to
initialize-object. The instance returned by create is the new instance, which has been

modified and returned by initialize-object.

a
i a

ISLisp specifies system-supplied primary methods for each step and thus specifies a well-defined
standard behavior for the entire initialization process. The standard behavior provides two
simple mechanisms for controlling initialization:

¢ Supplying a default initial value form for a slot. A default initial value form for a slot i§
defined by using the :initform slot option to defclass. This default initial value forn is
evaluated (with scope rules as in the description of the :initform option to defglass),

PR |

and the resumng value is stored in the slot.

b Defining methods for initialize-object. The slot-filling behavior described”above is
implemented by a system-supplied primary method for initialize-object.

7.4|1 Initialize-Object

Thq generic function initialize-object is called by creat®'to initialize a newly created
instfance. It uses standard method combination. Methods-fotr initialize-object can be defined
on yiser-defined classes in order to augment or override the system-supplied slot-filling
meghanisms (described below).

Duting initialization, initialize-object is irivoked after a new instance whose slots are
unhound has been created.

The generic function initialize-object is called with the new instance. There is a
system-supplied primary method for initialize-object whose parameter specializer is the
clags <standard-object>. Thismethod fills in the slots according to the initialization
arghments provided and accdrding to the :initform forms for the slots as follows:

o 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 arguments, the slot is initialized with the value from that pair. The name 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 for the
same slot is supplied.

o If the slot has a default initial value form (see defclass), that form is evaluated in the
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.

Methods for initialize-object can be defined to specify actions to be taken when an instance
is initialized. If only :after methods for initialize-object 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.
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(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.

S LN Cce

with values according to the initialization-arguments (an alternating list of initialization
argument keywords and values) and the :initform forms of the slots (see §7.4.1).

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 th
system-supplied primary method for initialization and therefore will not interfere with the
default behavior of initialize-object. The consequences are undefinedAf a
programmer-defined primary method for this generic function does fiof'return instance.

194

7.5 Class Enquiry

(class—-of object) — <class> function

Returns the class of which the given objecf is a direct instance. object may be any ISLisP object.

(instancep object class) — boolean function

Returns t if object is an instance (directly or otherwise) of the class class; otherwise, returns|nil
object may be any ISLISP object. An error shall be signaled if class is not a class object (errop-id.
domain-error).

(subclassprclass; classy) — boolean function

Réturhs t if the class class; is a subclass of the class classs; otherwise, returns nil. An erro
shall be signaled if either class, or class; is not a class object (error-id. domain-error).

(class class-name) — <class> special operator

Returns the class object that corresponds to the class named class-name.
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8 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.

Maclos can be internally defined by expander functions which implement the transformation
frond one group of objects to another. The operation of an expander functions is specified by a
defnacro defining form.

An gxpander receives a form as argument and returns a different form as value. The primary
actiyity of an expander is to create sets of nested lists; for this purpose, the backquote facility is
proviided.

Macfos are expanded at preparation time. No runtime information is availabl€.

The|set of usable operations is restricted to simple data structure creationtand manipulation;
those operations are forbidden that cause side-effects to the environmeént*(such as I/0 to the
ternpinal), to externally accessible data structure (such as a modification to the property list of a
symbol), or to the macro form itself.

Magro definitions are allowed only at toplevel. Redefinition (¢, multiple definition) of macros is
forbidden. A macro’s definition must textually precede amyuse of that macro during preparation

for ¢xecution.

The|result of expanding a macro form is another form. If that form is a macro form, 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 expansion is also considered to be a
toplevel form.

A njacre form can appear as the place specified in a setf special form. See setf on page 32.

(defmacro macro-name lembda-list form*) — <symbol> defining operator

Defines a named.(toplevel) macro. No implicit block with the macro name is established when
the macro-expansion function is invoked. macro-name must be an identifier whose scope is the
current toplével scope in which the defmacro form appears. lambda-list is as defined in page 21.
The]| definition point of macro-name is the closing parenthesis of the lambda-list.

Example:

(defmacro caar(x) (list ’car (list ’car x)))
= caar
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‘form — <object> syntax
,form — <object> syntax
,@form  — <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. When appearing within 3
quasiquote the form is evaluated and its result is inserted into the quasiquote structute instepd
of the unquote form.

,@ (unquote-splicing) is also syntax valid only within ¢ expressions. When appearing within p

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 forunquoted expressions
appearing at the same nesting level, which increases by one inside‘each successive quasiquotation
and decreases by one inside each unquotation.

Example:

“(list ,(+ 1 2) 4)
= (list 3 4)
(let ((name ’a)) ~(list namel,name ’,name))
= (list name a (quote\a))
“(a ,(+ 1 2) ,@(createkist 3 ’x) b)
= (a3 xxxb)
*((foo ,(- 10 3))@lcdr ’(c)) . ,(car ’(coms)))
= ((foo 7) \_Jcons)
“(a (b ,(+ 12) ,(foo ,(+ 1 3) d) e) £)
= (a Ab ,(+ 1 2) ,(foo 4 4) e) £)
(let ((namei ’x)
(name2 ’y))
>6a “(b ,,namel ,’,name2 d) e))
=" (a “(b ,x ,’y d) e)

P
)

(the class-name form) — <object> special operator
(assure class-name form) — <object> special operator

These forms evaluate form. If form returns, the returned value is returned by the the or assure
form. In addition, these forms specify that the value of form is of the class specified by
class-name (which must be the name of an existing class).
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In a the special form, the consequences are undefined if the value of form is not of the class or a
subclass of the class designated by class-name (error-id. domain- error) In an assure special
form, an error shall be signaled if the value of form is not of the class or a subclass of the class

designated by class-name (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
(copvert obj class-name) — <object> special operator

Retlirns 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

Alacd AN~ A 1.
1

colymn and class-name d.luug, the bUp TOW \Wlbh <>’s in classkhames omitted her

breyity):

a ~nler far dawdaial
€ OIllly 101 CAatvual

character | integer | float | symbolY string | general-vector | list
chiaracter = I - 1(3) —(4) - -
integer I = X - X(5) Z ~
fidat - -(1) = - X(6) - -
symbol - ~ X = I(3) - -
stfing - X(2) N X(2) | I(3) = X(7) X
general-vector - - - - _ — X
ligt - Y - — - X =

Legend:

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

X (2)“An error shall be signaled if this coercion 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 as 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 coercion shall be provided, but its definition is implementation defined. The
coercion depends on the implementation’s neutral alphabetic characters (see §10.1.2).

— An error shall be signaled if this coercion is attempted.
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—(1) Programmers requiring this kind of functionality may wish to consider instead using
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.

Example:

(convert 3 <float>)

(convert "abc" <general-vector>)

(convert #(a b) <list>)

ACO -

10 Symbol class

.0

= 3
= #(#\a #\b #\c)
= (

a b)

A symbol (an instance of class <symbol>) is an objéct. Symbols can be named or unnamed. A

symbol’s name is sometimes called a print name‘because it is used to identify the symbol

during reading and printing. Symbols can have'associated properties.

(symbolp 0bj) — boolean

fung¢tion

Returns t if obj is a symbol (instance of class <symbol>); otherwise, returns nil. The obj rhay

be any ISLISP object.

Example:

(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 *pix*) = nil

10.1 Symbol Names

Symbols can be either named or unnamed.
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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.

Mha notaas ~F
L

a name Py AP I nt
A1 11C 1lallic€ O [919] 1]

a Syiioo.

10.1.1 Notation for Symbols

The [onstituent characters of a symbol’

A ndmed symbol is denoted by its print name enclosed within the vertical bars (“1”). However,
the dnclosing 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 §1071,2) or the
following additional characters:
0123456789+ -<>/%=72_18%[1"{}"

(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
the following characters:

<>/ *=72_1v$%L1-{}"
(This set may have additional implementation-defined characters.)

In afldition, the following are the names of symbels that can be written without enclosing
vertical bars:

+ - 1+ 1-

If the symbol name contains a\vertical bar, the vertical bar must be preceded by a backslash “\”.
If the symbol name contains/a backslash, the backslash must be preceded by another backslash.
For example, “IN\\\V\NXT |7 denotes a symbol whose name is a 5 character string containing
bacKslash, backslash;vertical bar, backslash, vertical bar.

Notle: All required symbols can be written without vertical bars.
It is|implémentation defined whether the names of symbols can contain colon (:) or ampersand

(&). |[Censequently, whether &rest, :rest, and keywords (e.g., :before and :after) are

represpnfpd as qym}\nlq Qr qnmpfhing else is imp]pmpnfnﬁrm defined

10.1.2 Alphabetic Case in Symbol Names

If the enclosing vertical bars are omitted, the case of alphabetic characters in a symbol is
translated by the reader to a canonical case that is used internally. Therefore, for example, each
of the following denotes the same symbol in all implementations:

foo fo0 f0o £00 Foo FoO FOo FOO
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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 |FOOI.

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 ior that implementatipn
are defined to be as follows:

abcdefghijklmnopqrstuvwxyz

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

ABCDEFGHIJKLMNOPQRSTUVVWIXYZ

Continuing again with the above example, if the neutral alphabetic case of an implementati¢n is
lowercase, foo, FOO and |foo| denote the same symbal;otherwise, foo, FOO and |FOO| dendte

the same symbol.
An implementation may extend the set of neutral)alphabetic characters to include additiona]

implementation-defined characters.

10.1.3 1nil and ()

The symbol nil, which represents both the false value and the empty list, can also be denoted
by ).

10.2 Symbeol Properties

A propertyiof a symbol is a named association between a property indicator and a property
value/A'symbol s is said to have a property p if a property indicator p is associated with 4.

(property symbol property-name [obj]) — <object> fundtion

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

Example:

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

Causes 0bj 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 ¢rror shall be signaled if either symbol or property-name is not a symbol (error-id.
domain-error). obj may be any ISLIsP object

Example:

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

=> athena
(set-property ’athena ’zeus ’daughter)
= athena
(remove-property symbol property-name) — <object> function

Rerhoves the property property-name associated with symbol and returns the property value of
the [removed property if there is such a property. If there is no such property, nil is returned.

An ferror shall be signaled if either symbol or propérty-name is not a symbol (error-id.
dompain-error).

Example:

(remove-property ’zens ’daughter) = athena

10|3 Unnamed Symbols

(ggnsym)s— <symbol> function

Returns an unnamed symbol. gensym is useful for writing macros. It is impossible for an
identifier to name an unnamed symbol.

Example:

(defmacro twice (x)
(let ((v (gensym)))
“(let ((,v ,x)) (+ ,v ,v)))) = twice
(twice 5) = 10
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11 Number class

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

11.1 Number class

(numberp o0bj) — boolean fun¢tion

Returns t if obj is a number (instance of class <number>); otherwise, returns niil.” The obj may
be any ISLisP object.
Example:
(numberp 3) =t
(numberp -0.3) =t
(numberp ’(a b ¢)) = nil
(numberp "17") =) nil
(parse-number string) — <number> fungtion

The characters belonging to string are scanned (as if by read) and if the resulting lexeme if the

textual representation of a nurber, the number it represents is returned.

An error shall be signaled if string is not a string (error-id. domain-error). An error shall be

signaled if string is not:the textual representation of a number (error-id. cannot-parse-numper).

Example:

(parse-number "123.34") = 123.34

(parse-number "#XFACE") = 64206

(parse-number "-37.") an error shall be signaled

(parse-number "-.5") an error shall be signaled
since floating-point number lezemes have
at least one mantissa digit before and at least
onc ’lbulbt’:aouz dl;y’:t u:ﬁc: thc dCLl:‘IIbUA/' llUl:lbt;

= 1, 73) — boolean function

Returns t if #; has the same mathematical value as zp; otherwise, returns nil. An error shall be

signaled if either z; or z7 is not a number (error-id. domain-error).

67


https://standardsiso.com/api/?name=f4385572386fadb623eb13d3fb6105d2

ISO/IEC 13816:1997(E) © ISO/IEC

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

Example:
(=34 = nil
(= 3 3.0) = t
(= (parse=number "134 B4") 134 £4) - ¢
(= 0.0 -0.0) =t
(/= Ity z9) — boolean fanction

Returns t if z; and 7 have mathematically distinct values; otherwise, returns ndil>An error
shall| be signaled if either z; or z; is not a number (error-id. domain-error).

Example:

(/= 3 4) =t

(/=3 3.0) = nil

(/= (parse-number "134.54") 134.54)= nil
(>=|z1 z9) — boolean function
(<=|z; z0) — boolean function
(> 44 13) — boolean function
(< 14 z9) — boolean function

>= r¢turns t if z; is greater thanwor = . <= returns t if z; is less than or = z5. > returns t if z;
is greater than z,. < returns.t if z; is less than z.

The|mathematical values of the arguments are compared. An error shall be signaled if either z;
or z} is not a numbér\(error-id. domain-error).

Example:
(> 22) = nil
(> 2.0 2) = nil
(> 2 -10) >t
(> 100 3) =t
(<22) = nil
(<12) =t
(>=2 2) = t
(>= 2.0 2) =t
(>=-12) = nil
(<= -1 2) =t
(<= 2 -1) = nil
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In the remaining definitions in this section, any noted coercion to <float> is done as if by float

or by (convert <float> z).

(+ z*) — <number> function
(* z¥) — <number> function

Frefumctioms—+amd =+ Teturmthe-sunramd-tire-product;respectivety; of themrargurmrents—H =il
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

(+ 4 0.0) = 4.0

) =0

(* 12 3) = 36

(* 12 3.0) =436.0

(* 4.0 0) = 0.0

(x 2 3 4) = 24

(*) =>1
(- z¥) — <number> function
Given one argument, z, this function returns its additive inverse. An error shall be signaled |f =
is not a number (error-id> domain-error).
If an implementation supports a =0.0 that is distinct from 0.0, then (- 0.0) returns -0.0; fin
implementations-where 0.0 and 0.0 are not distinct, (- 0.0) returns 0.0.
Example¢

-1 = -1

(- -4.0) = 4.0

(- 4.0) = -4.0

(eql (- 0.0) -0.0) = t

(eql (- -0.0) 0.0) >t
Given more than one argument, z; ... z,, - returns their successive differences, z;—22—...—z,.

An error shall be signaled if any z is not a number (error-id. domain-error).

Example:

(-12) = -1
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(- 92 43) = 49
(- 2.3 -3.0) = 5.3
(- 0.0 0.0) = 0.0
(- 345) = -6
(qubtient dividend divisor™) — <number> function
(refiprocal z) — <number> function

The function reciprocal returns the reciprocal of its argument z; that is, 1/z. An error shall-be
sigrfaled if z is zero (error-id. division-by-zero).

Thd function quotient, given two arguments dividend and divisor, returns the quotient of those
nurlxbers. The result is an integer if dividend and divisor are integers and divisor evenly divides
dividend, otherwise it will be a float.

Given more than two arguments, quotient operates iteratively on each of the divisor; ...
divisory, as in dividend/divisor/ ... /divisor,. The type of the result¢follows from the
twoargument case because the three-or-more-argument quotient.can be defined as follows:

(quotient dividend divisory divisors ...)
= (quotient (quotient dividend divisor;) divisoky ...)

Anlerror shall be signaled if dividend is not a number (error-id. domain-error). An error shall be
sighaled if any divisor is not a number (error-id. domain-error). An error shall be signaled if
any| divisor is zero (error-id. division-by-zero).

Exgmple:
(reciprocal 2) = 0.5
(quotient 10_5) = 2
(quotient 1, 2) = 0.5
(quotient.2)-0.5) = -4.0

(quotient’0 0.0)
(quotient 2 3 4)

an error shall be signaled
= 0.16666666666666666

— <number>
— <number>

(max z7T)
(min zt)

function
function

The function min returns the least (closest to negative infinity) of its arguments. The
comparison is done by <.

The function max returns the greatest (closest to positive infinity) of its arguments. The
comparison is done by >.

An error shall be signaled if any z is not a number (error-id. domain-error).
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Example:
(max -5 3) = 3
(max 2.0 3) = 3
(max 2 2.0) = 2 or 2.0 (implementation-defined)
(max 1 52 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 z) — <number> fungtion

The function abs returns the absolute value of its argument. An.error shall be signaled if z|is
not a number (error-id. domain-error).

Example:
(abs -3) = 3
(abs 2.0) = 2.0
(abs -0.0) = 0.0
(exp z) — <number> fun¢tion

Returns e raised to the'power z, where e is the base of the natural logarithm. An error shall be
signaled if z is not.a number (error-id. domain-error).

Example:
(exp 1) = 2.718281828459045
(exp 2) = 7.38905609893065
(exp 1.23) = 3.4212295362896734
(exp 0) = 1 or 1.0 (implementation-defined
(log z) — <number> function

Returns the natural logarithm of z. An error shall be signaled if z is not a positive number
(error-id. domain-error).

Example:
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(log 2.718281828459045) = 1.
(log 10) = 2.302585092994046
(log 1) = 0 or 0.0 (implementation-defined)

o

(expt 1 z3) — <number> function
Retuins z; raised to the power z3. The result will be an integer if z; is an integer and z; is a
non-pegative integer. An error shall be signaled if z; is zero and z is negative, or if z; is zere
and £, is a zero float, or if £, is negative and z, is not an integer.
Example:

(expt 2 3) = 8

(expt -100 2) = 10000

(expt 4 -2) = 0.0625

(expt 0.5 2) = 0.25

(expt z 0) =1 if z 15 an integer

(expt z 0) = 1.0 if 2das a float

(expt -0.25 -1) = -4.0

(expt 100 0.5) = 10.0

(expt 100 -1.5) = 0001

(expt z 0.0) =\170 if z 1s a posttive float

(expt 0.0 0.0) an error shall be signaled
(sqyt z) — <number> function
Retyrns the square root of z. An-error shall be signaled if z is not a non-negative number
(errqr-id. domain-error).
Exanple:

(sqrt \&) = 2

(sgrt/2) = 1.4142135623730951

(sqrt -1) an error shall be signaled
*pik — <float> named constant
The value of this constant is an approximation of .
Example:
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(sin z) — <number> function
(cos ) — <number> function
(tan z) — <number> function

The function sin returns the sine of z. The function cos returns the cosine of z. The fur¢tion
tan returns the tangent of z. In each case, z 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 o, vary
;3 in the floating precision of these results.
(sin 1) = 0.8414709848078965
(sin 0) = 0 or 0JO (implementation-defined)
(sin 0.001) = 9+999998333333417E-4
(cos 1) =% 0v5403023058681398
(cos 0) = 1 or 1.0 (implementation-defined)
(cos 0.001) = 0.9999995000000417
(tan 1) = 1.557407724654902
(tan 0) = 0 or 0.0 (implementation-defined)
(tan 0.001) = 0.0010000003333334668
(atan z) — <number> function

Returns the arc tangent of z. This can be mathematically defined as follows:

—ilog ((1+iz) /1/(1+ a2))

This formula'is mathematically correct, assuming completely accurate computation. It is no
necessarily the simplest one for real-valued computations.

Theresult is a (real) number that lies between —7/2 and 7/2 (both exclusive).

The following definition for (one-argument) arc tangent determines the range and branch cuts:

log (14 iz) — log (1 — i)
2

arctan r =

Note: Beware of simplifying this formula; “obvious” simplifications are likely to alter the branch cuts
or the values on the branch cuts incorrectly. The branch cut for the arc tangent function is in two pieces:
one along the positive imaginary axis above i (exclusive), continuous with quadrant II, and one along the
negative imaginary axis below —i (exclusive), continuous with quadrant IV. The points ¢ and —3 are
excluded from the domain. The range is that strip of the complex plane containing numbers whose real
part is between —n/2 and 7/2. A number with real part equal to —7/2 is in the range if and only if its
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y Condition

z Condition

Cartesian locus
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Range of result

y=0 x>0 Positive x-axis 0

* y=+40 z>0 Positive x-axis 40

¥ y=-0 z>0 Positive x-axis -0
y>0 z>0 Quadrant I 0 < result < 7/2
y>0 z=0 Positive y-axis  7/2
y>0 z<0 Quadrant II m/2 < result < 7
y=20 z<0 Negative x-axis 7

* y=+40 z<0 Negative x-axis +m7

* y=-0 z<0 Negative x-axis —m
y<0 z<0 Quadrant III —m < result < —7/2
y<0 z=0 Negative y-axis —m/2
y<o0 z>0 Quadrant IV —7/2 < result < 0
y=0 z=0 Origin undefined consequences

* y=+40 z =40 Origin +0

* y=-0 z=+40 Origin -0

* y=+40 z=-0 Origin +7

* y=-0 z=-0 Origin -7

ima;

nary part is strictly negative.

Figure 3. Quadrant information for atan2

imainary part is strictly positive; a number with real part equal to 7/2 is in the range if and only if its

An ¢rror shall be signaled if z is not a number (error-id. domain-error).

(atan2 z; 7o) — <number>

function

Givén a point (22, 2;) in rectangular coordinates, this function returns the phase of its
representation in polar coordinates.\If z is zero and z3 is negative, the result is positive. If 2,
and|zy are both zero, the result.is implementation defined.

An brror shall be signaledif & is not a number (error-id. domain-error).

The value of atan2/s always between —m (exclusive) and 7 (inclusive) when minus zero is not
supported; whendniifus zero is supported, the range includes —.

Thd signs of#/(indicated as z) and z; (indicated as y) are used to derive quadrant information.
Figfire 11;:1details various special cases. The asterisk (*) indicates that the entry in the figure
appllies to'implementations that support minus zero.

Example:

(atan2 0 3.0)
(atan2 1 1)
(atan2 1.0 -0.3)
(atan2 0.0 -0.5)
(atan2 -1 -1)
(atan2 -1.0 0.3)
(atan2 0.0 0.5)
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0 or 0.0 (implementation-defined)
0.7853981633974483
1.8622531212727635
3.141592653589793
-2.356194490192345

-1.2793396
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(defun asin (x) (atan2 x (sqrt (- 1 (expt x 2))))) = asin
(defun acos (x) (atan2 (sqrt (- 1 (expt x 2))) x)) = acos

(defun atan (x) (atan2 x 1)) = atan

(sinh z) — <number> funection|
(cosh z) — <number> function
(tanh z) — <number> functionl

The function sinh returns the hyperbolic sine of z. The function cosh returns the hyperbolic
cosine of z. The function tanh returns the hyperbolic tangent of z.

An error shall be signaled if ¢ is not a number (error-id. domain-errer);

Example:
(sinh 1) = 1.1752011936438014
(sinh 0) =0 or 0.0 (implementation-defined)
(sinh 0.001) = 0.001000000166666675
(cosh 1) = 1.5430806348152437
(cosh 0) = 1 0r 1.0 (implementation-defined)
(cosh 0.001) = 1.0000005000000416
(tanh 1) = 0.7615941559557649
(tanh 0) = 0 or 0.0 (implementation-defined)
(tanh 0.001) = 9.999996666668002E-4

(atanh z) — <number> function

Returns the)hyperbolic arc tangent of z. An error shall be signaled if z is not a number with
absolute Value less than 1 (error-id. domain-error).

The-following definition for the inverse hyperbolic tangent determines the range and branch cuts

Tog(t=+z)=Tog (I=x)
5 :

arctanh z =

Note that:

¢ arctan ¥ = arctanh iz.

The branch cut for the inverse hyperbolic tangent function is in two pieces: one along the
negative real axis to the left of —1 (inclusive), continuous with quadrant III, and one along the
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positive real axis to the right of 1 (inclusive), continuous with quadrant I. The points —1 and 1
are excluded from the domain. The range is that strip of the complex plane containing numbers
whose imaginary part is between —7/2 and 7/2. A number with imaginary part equal to —m/2
is in the range if and only if its real part is strictly negative; a number with imaginary part equal
to /2 is in the range if and only if its imaginary part is strictly positive.

Example:
(atanh 0.5) = 0.5493061443340549
(atanh 0) = 0 or 0.0 (implementation-defined)
(atanh 0.001) = 0.0010000003333335335

(defun asinh (x) (atanh (quotient x (sqrt (+ 1 (expt x 2)))))) = &sinh

(defun acosh (x) (atanh (quotient (sqrt (* (- x 1) (+ x 1))) x))) = acosh

11.2 Float class

Thi$ class represents the set of floating-point numbers. Each floatinig-point number is represented
by 4 rational number with some given precision; see IEEE standard 754-1985 for details.

Floating-point numbers are written in one of the following.formats:

[sldd...d.dd...d
[sldd...d.dd...dE[s]dd...d
[s]dd...d.dd...de[s]dd...d
[s]dd...dE[s]dd...d

[s]dd .. .de[s]dd...d

whdre s is either “+” or “-” and\dd...d is at least one digit from “0”-“9”.

Thdre must be at least one-digit before the decimal point and at least one mantissa digit after
the |decimal point.

*mofst-positive=float* — <float> named constant
*mojst-negative-float* — <float> named constant

Thd yalue' of *most-positive-float* is the implementation-dependent floating-point number

clodestto positive infinity

The value of *most-negative-float* is the implementation-dependent floating-point number
closest to negative infinity.

(floatp obj) — boolean function

Returns t if 0bj is a float (instance of class <float>); otherwise, returns nil. The obj may be
any ISLisp object.
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Example:

(floatp "2.4")
(floatp 2)
(floatp 2.0)

ISO/IEC 13816:1997(E)

= nil
= nil
=t

(float z) — <float>

fundtion

Returns z itself if it is an instance of the class <float> and returns a floating-point
approximation of z otherwise. An error shall be signaled if z is not a numbér_(error-id.

domain-error).

Example:

(float 0)

(float 2)

(float -2.0)

(float 123456789123456789123456789)

=
=
= )r2.0
= "1.2345678912345679E26

(floor z) — <integer>

fundtion

Returns the greatest integer less-than or equal to z. That is, z is truncated towards negativ

infinity. An error shall be signaled if z is not a number (error-id. domain-error).

Example:

(floof 3.0)
(flooxr 3.4)
(¥2oor 3.9)
(floor -3.9)
(floor -3.4)
(floor -3.0)

R
RS

19

(ceiling z) — <integer>

function

Returns the smallest integer that is not smaller than z. That is, z is truncated towards positive
infinity. An error shall be signaled if z is not a number (error-id. domain-error).

Example:

(ceiling 3.0)
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(ceiling 3.4) = 4
(ceiling 3.9) => 4
(ceiling -3.9) = -3
(ceiling -3.4) = -3
(ceiling -3.0) = -3
(trhincate z) — <integer> function

Retlirns the integer between 0 and z (inclusive) that is nearest to z. That is, z is truncated
towhrds zero. An error shall be signaled if z is not a number (error-id. domain-error).

Exapmple:

(truncate 3.0)
(truncate 3.4)
(truncate 3.9)
(truncate -3.4)
(truncate -3.9)
(truncate -3.0)

R R

(rdqund z) — <integer> function

Retjurns the integer nearest to z. If z isekactly halfway between two integers, the even one is
chopen. An error shall be signaled if z\ig not a number (error-id. domain-error).

Exgmple:
(round 3.0) = 3
(round 3.4) = 3
(round =3.4) = -3
(round( 3.6) = 4
(round~-3.6) => -4
(round 3.5) => 4
¢tround -3.5) = -4
(round 2.5) = 2
(;e:md =0 :) = 0

11.3 Integer class

Integer 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 on integers would
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produce 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
mathematical 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.

Integers 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” or “1”.
[s]oo. ..o, each o being one of “0”-“7”.
#o [s]oo. ..o, each o being one of “0”-“7”.
[s]dd...d, each d being one of “0”-“9”.
#X [s]zz ...z, each & being one of “0”7-“9”, “A”-“F”, “a”-“£”.
#x [s]zz ...z, each z being one of “0”-“9”, “A”-“F”, “a”-“f”.

where s is either “4+” or “-”.

Note: In ISLIsP, there is no variable that controls the reader. ;Thus the above notations are exactly the
notations for integers.

(integerp obj) — boolean fung¢tion

Returns t if obj is an integer (instance of;elass <integer>); otherwise, returns nil. obj may be
any ISLISP object.

Example:
(integerp 3) =t
(integerp,3.4) = nil
(integerp,“4") = nil
(integerp '(a b ¢)) = nil

(div(z; z) — <inleger>

fun¢tion
(mod z 2) — <inieger>

fun¢tion

div returns the greatest integer less than or equal to the quotient of 2; and z5. An error shall be

signaled if z; is zero (error-id. division-by-zero).

mod returns the remainder of the integer division of z; by z3. The sign of the result is the sign of
2. The result lies between 0 (inclusive) and z; (exclusive), and the difference of z; and this

result is divisible by z; without remainder.

div and mod satisfy:

(= z9 (+ (* (div 2z 22) 22) (mod 2z 22)))
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An error shall be signaled if either z; or z is not an integer (error-id. domain-error).

Example:

(div

12 3)

(div
{(div
(div
(div
(div
(div
(div
(mod
(mod
(mod
(mod
(mod
(mod
(mod
(mod
(mod

(mod

12 3)

40 2)
Ti4 V)

-14 3)
12 -3)
14 -3)
-12 -3)
-14 -3)
12 3)

7 247)
247 7)
14 3)
-12 3)
-14 3)
12 -3)
14 -3)
-12 -3)

-14 -3)

L R AR B

O = ONN N O W

O |
-

J
N

(ged 21 7)) — <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 such z that 2

and [z, are integral multiples of -

An ¢rror shall be signaled if-either z or z; is not an integer (error-id. domain-error).

Example:

(ged
(ged
(ged

(eccd

12 5)
15 24)
-15 24)

15 =24)
To—=24-)

(ged
(ged
(ged
(gcd

-15 -24)
0 -4)
0 0)

4444448
OB WP W w e

(lem 21 23) — <integer>

function
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lcm returns the least common multiple of its integer arguments. gcd and lcm satisfies:
(= (* (ged m n) (em m n)) (abs (* m n)))

That is, the evaluation of the above form always return t.

An error shall be signaled if either 2; or z3 is not an integer (error-id. domain-error).

Example:

(lcm 2 3) = 6

(lcm 15 24) = 120

(lcm 15 -24) = 120

(lcm -15 24) = 120

(lcm -15 -24) = 120

(lem 0 -4) = 0

(lcm 0 0) = 0
(isqrt z) — <integer> function
Returns the greatest integer less than or equal to the exact positive square root of z. An err¢r

shall be signaled if z is not a non-negative’integer (error-id. domain-error).

Example:

(isqrt 49) =7

(isqrt 63) =7

(isqrt 1000000000000002000000000000000)
= 1000000000000000

12~ Character class

Characters are represented as instances of the <character> class. This insulates the

£ e 1 i) + n|
PTOZTAIIIIIIET [TONT par tIcuar Caracter 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:
te %’ ()x+,-./0123456789: ;<=>7
@QABCDEFGHIJEKLMENOPQRSTUVWXYZI[\N] " _
‘abcdefghijklmnopqrstuvwxyz{l|D}"~

81


https://standardsiso.com/api/?name=f4385572386fadb623eb13d3fb6105d2

ISO/IEC 13816:1997(E) © ISO/IEC

A character literal is denoted by #\ followed by a token which is either the character itself, or, if
the character has a name, the character’s name. For example, the letter A is denoted by “#\A”.
The newline and space characters have the names “newline” and “space,” respectively, so they
can be denoted by “#\newline” and “#\space”. (Case is not significant when naming a
character.)

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<UKVLWLXLY<Z
a<b<c<d<e<f<g<h<i<j<k<1<m<n<o<p<q<ris<t<ucv<u<x<y<z

where char! < char2 means that (char< char! char2) is true.

(chhracterp obj) — boolean function

Rethrns t if obj is a character (instance of class <character>); otherwisej réturns nil. obj may
be gny ISLIsP object.

Example:

(characterp #\a) = &

(characterp "a") = nil

(characterp ’a) = nil
(cHar= chary chary) — boolean function
(cHar/= char; chary) — boolean function
(cHaxr< char; chary) — boolean function
(cHar> char; chary) — bdolean function
(cHar<= char; chary) & \boolean function
(cHar>= chary chary).“> boolean function

Thé function chaf= tests whether char; is the same character as chary. The function char< tests
whether chari\is less than chary. The function char<= tests whether chary is less than or equal
to phary. The ordering used is the partial order defined above, extended to a total order on all
chgracters 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 char; or char; is not a character (error-id. domain-error).

Example:

(char= #\a #\a) >t
(char= #\a #\b) = nil
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(char= #\a #\4) = nil

(char/= #\a #\a) = nil

(char< #\a #\a) = nil

(char< #\a #\b) =t

(char< #\b #\a) = nil

(char< #\a #\4) = nil or t (implementation-defined)
(char< #\* #\a) = nil or t (implementation-defined)
(char> #\b #\a) >t

(chari= #\a #\a) =T

(char<= #\a #\A) = nil or t (implementation-defined)

(char>= #\b #\a)
(char>= #\a #\a)

¢4
ot o

13 List class

The <1list> class is partitioned into two subclasses <cons> and <null>.

13.1 Cons

A cons (sometimes also called “dotted pair”)tonsists of two components; the left componen is
called car and the right component is called cdr. The constructor of this class is cons. Corlses
are written as

(car . cdr)

where car and cdr denote'the values in the car and cdr components, respectively, of the cons
object. As a special cdgey'if the cdr value is nil, then the cons object is written as

(car)

Thus, irfggneral, a data structure that consists of cons objects will be written in either of the
following formats:

(z1 . (o . ... (@p_1 o zn) ... )

(z1 . (29 . ... (Zp_1) ... )

These may be written, respectively, as

(131 9 ... Tpn-1 - iL‘n)
(z1 2 ... Tp_1)
(consp obj) — boolean function
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Returns t if 0bj is a cons (instance of class <cons>); otherwise, returns nil. obj may be any
ISLisp object.

Example:
(consp "(a . b)) = t
(consp '(a b ¢)) = t
L 203 = 1
\\,vu.oy \/7 -7 Al LA
(consp #(a b)) = nil
(coms objy obja) — <cons> function

Thig function builds a cons from two objects, with obj; as its car (or ‘left’) part .and with objs as
its gdr (or ‘right’) part. An error shall be signaled if the requested cons cannot he allocated
(errgr-id. cannot-create-cons). Both obj; and obj, may be any ISLisP objectt

Example:
(cons ’a ’()) = (a)
(cons ’(a) (b ¢ d)) = (@l c 4)
(cons "a" (b c¢)) = Al b )
(cons ’a 3) = a . 3)
(cons ’(a b) ’¢) =" ((ab) . c)
(car cons) — <object> function

The function car returns the left~component of the cons. An error shall be signaled if cons is not
a cqns (error-id. domain-errof),

Exafiple:
(car 2 () an error shall be signaled
(car~X(a b ¢)) = a
(eax”’((a) b c d)) = (a)
(ear (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).

Example:
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(cdr () an error shall be signaled

(cdr '((a) b c d)) => (bcd

(cdr ’(1 . 2)) = 2
(setf (car cons) obj) — <object> special form
(set=car oby cons)  — (nhjprfS function

The setf special form takes the place indicated by the selector car and updates the left
component of an instance of the <cons>. The returned value is the result of the evaluation of
obj. An error shall be signaled if cons is not a cons (error-id. domain-error). oby.may be an
ISLisP object.

=

Example:

(let ((x (list ’apple ’orange)))
(list x (car x)
(setf (car x) ’banana)
x (car x)))
= ((banana orange) apple banana (banana orange) banana)

(setf (cdr coms) obj) — <object> special form
(set-cdr obj cons) — <object> function

The setf special form takes thecplace indicated by the selector cdr and updates the right
component of an instance of(X¢ons>. The returned value is the result of the evaluation of obj.
An error shall be signaled if cons is not a cons (error-id. domain-error). obj may be any ISLfisp

object.

Example:

(Tet* ((x (list ’apple ’orange)))
(1ist x (cdr x)
(setf (cdr x) ’banana)
x (cdr x)))
= ((apple . banana) (orange) banana (apple . banana) banana)

13.2 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
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Returns t if 0bj is nil; otherwise, returns nil.> obj may be any ISLisP object.

Example:

(null ’(a b ¢)) = nil
(null Q) = t
(null (1list)) = t
13.3 List operations
(1igtp obj) — boolean function

Retfirns t if obj is a list (instance of class <1ist>); otherwise, returns nik, 0bj may be any
ISLipP object.

Example:

(1istp ’(a b ¢)) = .t
(listp *()) =t
(1istp ’(a . b)) ="t
(let ((x (1ist ’a)))
(setf (cdr x) x)
(listp x)) = t
(1istp "abc") = nil
(listp #(1 2)) = nil
(listp ’jerome) = nil
(crfeate-list i [initial-element]) — <list> function

Retjurns a list of length i. If initial-element is given, the elements of the new list are initialized
with this Sbject; otherwise, the initialization is implementation defined. An error shall be
signjaled if the requested list cannot be allocated (error-id. cannot-create-list). An error shall be
sigdled if 7 is not an 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)

5If the naming conventions were strictly observed, null would be named nullp; it is named null for historical
and compatibility reasons.
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(1ist obj*) — <list> function

Returns a new list whose length is the number of arguments and whose elements are the
arguments in the same order as in the list-form. An error shall be signaled if the requested list
cannot be allocated (error-id. cannot-create-list). Each obj may be any ISLisP object.

Exampte:

(list ’a (+ 3 4) ’c) = (a7Tc¢c)

(list) = nil
(reverse list) — <list> function
(nreverse list) — <list> function

These functions each return a list whose elements are those ofcthe given list, but in reverse ofder.
An error shall be signaled if list is not a list (error-id. domain-error).

For reverse, no side-effect to the given list occurs. The resulting list is permitted but not
required to share structure with the input list.

For nreverse, the conses which make up thefop level of the given list are permitted, but not
required, to be side-effected in order to produce this new list. nreverse should never be called
on a literal object.

Example:
(reverse ’(a b.cd e)) = (ed c b a)
(reverse ’(a)) = (a)
(reverse 7()) = O

(let* ((x)(list ’a ’b)) (y (nreverse x))) (equal x y))

= implementation-defined

(append list*) — <list> fungtion

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:
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(append ’(a b c) '(d e f)) = (abcdef)
(member obj list) — <list> function

If lisycontains at 1e

; St-Sublist of 113

whose car is obj is returned. Otherwise, nil is returned. An error shall be signaled if list is not a

list (prror-id. domain-error).

Example:

(member ’c ’(abcde f))
(member ’g (abcde f))
(member ’c ’(a b cabc))

= (cdef)
= nil
= (cabec)

(magcar function list™) — <list>
(magc function listt) — <list>
(magcan function list™) — <list>
(maglist function listt) — <list>
(magl function listt) — <list>
(magcon function list™) — <list>

function
function
function
function
function
function

Sucdessively applies the given function to sets of arguments determined by the given lists. The
way [in which the arguments are determined,and the way in which the result is accumulated are

how|these functions differ.

Function Argument

mapcar  successive elements
mapc successive elements
mapcan\ ~“successive elements
maplist  successive sublists
mapl successive sublists
mapcon successive sublists

Result
successive cons
none (i.e., list; returned)

o 3 M ”»
successive “destructive append
successive cons
none (i.e., list; returned)
successive “destructive append”

mapd¢ar‘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

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.
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mapl is like maplist except that the results of applying function are not accumulated; list; is

returned.

mapcan and mapcon are like mapcar and maplist respectively, except that the results of applying
function are combined into a list by the use of an operation that performs a destructive form of
append rather than list.

An error shall be signaled if function is not a function (error-id. domain-error). An error shall

be signaled if any 1:5¢ IS Ot a 1iSt (€ITor-1d. domain-error).

In all cases, the calls to function proceed from left to right, so that if function has sidé-éffect

can rely upon being called first on all of the elements with index 0, then on all of those
numbered 1, and so on.

Example:

(mapcar #’car ’((1 a) (2b) (3¢))) = (1 2 3)
(mapcar #’abs (3 -4 2 -5 -6)) = (342 596)
(mapcar #’cons (abc¢) (1 23)) = ((a.2) (. 2) (¢c.3))

(let ((x 0)) (mapc (lambda (v) (setq x _(+)x v))) (3 5)) x)
= 8
(maplist #’append ’(1 2 3 4) (dv2) (1 2 3))

= ((123412@23) (234223))
(maplist (lambda (x) (coms ’foo x)) ’'(a b c d))

= ((foo @'b ¢ d) (foo b ¢ d) (foo ¢ d) (foo d))
(maplist (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 57)

(mapcon (lambda (x) (if (member (car x) (cdr x)) (list (car x))))
’@bacdbcbc))

= (abcbec)

(mapcon #’list (1 2 3 4)) = ((1234) (234) (34) (4)

s, 1t
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(assoc obj association-list) — <coms> function

If assocation-list contains at least one cons whose car is 0bj (as determined by eql), the first
such cons 1s returned. Otherwise, nil 1s returned. An error shall be signaled if association-list 1s

not|a list of conses (error-id. domain-error).
Exapiple:
(assoc ’a ’((a . 1) (b . 2))) = (a. 1)
(assoc ’a ’((a . 1) (a . 2))) = (a . 1)
(assoc ’c '((a . 1) (b . 2))) = nil
14 Arrays
14{1 Array Classes
Arrays store data in array components, which are iftdexed by a tuple of non-negative integers
called indices.
Th¢ total number of elements in the array-is-the product of the dimensions. Zero-dimensional
arryys are permissible and, as a consequence of this rule, can store exactly one element, indexed

by

Th
see

90

hn empty tuple of indices.

bre are several array classes{ For a pictorial representation of their inheritance relationship,
Figure 1. The following is_dn explanation of the purpose of each of these classes:

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.

ISLisP défines 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 of <basic-array>.

<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>.
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e <general-vector>

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*>, btaty(as with all
abstract classes) there are no direct instances of this class. It is provideddfortype
discrimination purposes only.

ISLisp defines only one direct subclass of <basic-array*>: <generalr-array*>. There may
be additional, implementation-defined subclasses of <basic-array*>.

Note: An implementation might provide specialized array representations for two-dimensiorjal
arrays of 1 or more bits to hold display information for a monochrome or color screen. If proyided,
such array representations would be subclasses of <basic-array*>.

e <general-array*>

An object of class <general-array#*> is a non-one-dimensional array that is capable qf
holding elements of type <object>. When the)function create-array is asked to create an
array of dimensionality other than 1, the resulting array is of this class.

14.2 General Arrays

An object that is either of class<general-vector> or of class <general-array*> is sometimes
called a “general array.”

General arrays are capable of storing any object of class <object>. Those arrays that are npt
general arrays are(the“ones restricted to storage objects of more specialized classes.

A general arrfay ¢an be expressed as a textual literal using #na notation (where n is an intefger

indicating(Fhe number of dimensions of the array) followed by a nested list of sequences denjoting
the confents of the array. This structure can be defined as follows. If n = 1 the structure is
simply‘(obj; ... 0bj,). If n > 1 and the dimensions are (n; ng ...), the structure is (str| ..
s§tT,)), where the str; are the structures of the n; subarrays, each of which has dimensions [n,
). For example, the textual representation of (create-array ’(2 3 4) 5) is as follows}
#3a(((6 5 55) (6555) (6555)) ((6555) (6555) (5655 85))).

14.3 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
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basic-array-p returns t if obj is a basic-array (instance of class <basic-array>); otherwise,
returns nil. obj may be any ISLisp object.

basic-array*-p returns t if obj is a basic-array* (instance of class <basic-array#*>); otherwise,
returns nil. obj may be any ISLIsP object.

general-array*-p returns t if obj is a general-array* (instance of class <general-array*>);
otherwise, returns nil. obj may be any ISLISP object.

Exa.rlpli

(mapcar (lambda (x)
(1ist (basic-array-p x)
(basic-array*-p x)
(general-array*-p x)))
'((a b c)
"abc"
#(a b c)
#1a(a b c)
#2a((a) (b) (c))))
= ((nil nil nil) (¢t nil nil) (t nil nil) (¢ nil nil) (¢t t t))

(create-array dimensions [initial-element]) — <bgsiczarray> function

Thig function creates an array of the given dimensions. The dimensions argument is a list of
nonjnegative integers.

The|result is of class <general-vector>if there is only one dimension, or of class
<gepheral-array*> otherwise.

If initial-element is given, the elements of the new array are initialized with this object,
othqrwise the initializatior 1§ implementation defined.

An grror shall be sigialed if the requested array cannot be allocated (error-id.
canfot-create-array).

An prror shall be signaled if dimensions is not a proper list of non-negative integers (error-id.
donjain-errer). initial-element may be any ISLISP object.

Exapple:
(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)
(aref basic-array 2*) — <object> function
(garef general-array z*) — <object> function
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aref returns the object stored in the component of the basic-array specified by the sequence of
integers z. This sequence must have exactly as many elements as there are dimensions in the
basic-array, and each one must satisfy 0 < z; < d;, d; the i** dimension and 0 < i < d, d the

number of dimensions. Arrays are indexed 0 based, so the ith row is accessed via the index 7z — 1.

An error shall be signaled if basic-array is not a basic-array (error-id. domain-error). An error
shall be signaled if any z is not a non-negative integer (error-id. domain-error).

garet Is like aref but an error shall be signaled iI 1ts 1iTst argument, general-array, 1s nog, ah
object of class <general-vector> or of class <general-array*> (error-id. domain-error),

Example:

(defglobal arrayl (create-array ’(3 3 3) 0))
= arrayl

arrayl
= #3a(((0 0 0) (0 0 0) (00 0))
((000) (000) (000))
((000) (000) (000)))

(aref arrayl 0 1 2) =/0
(setf (aref arrayl O 1 2) 3.14) = 3.14
(aref arrayl 0 1 2) = 3.14

(aref (create-array ’(8 8) 6), I¥'1) = 6

(aref (create-array ’() 19)) = 19
(setf (aref basic-array z), obj) — <object> special form
(set-aref obj basic-array, z*) — <object> fundtion
(setf (garef gemeralarray z*) obj) — <object> special form
(set-garef obj gemeral-array z*) — <object> fundtion

With setf thé_object obtainable by aref or garef, respectively, is replaced. The constraintp on

the basic-array, the general-array, and the sequence of indices z is the same as for aref and
garefy

Example:
(setf (aref arrayi 0 1 2) 3.15) = 3.15
tset aref—5t3—arrayt—o—t >y =513
(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.
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Example:

15

(array-dimensions

(create-array ’(2 2) 0)) = (2 2)
(array-dimensions (vector ’a ’b)) = (2)
(array-dimensions "foo") = (3)

Vectors

A vdctor is a one dimensional array. See §14.1 for detailed information about the relationship of

arrays and vectors.
Gengral vectors are written as follows:

#(.’L‘l Ty ... l’n)
(bagic-vector-p obj) — boolean function
(geperal-vector-p obj) — boolean function
basfic-vector-p returns t if obj is a basic-vector (instance of class <basic-vector>); otherwise,

returns nil. obj may be any ISLISP object.

gen

kral-vector-p returns t if obj is a general-vector (instance of class <general-vector>);

othg¢rwise, returns nil. obj may be any ISLisP object.

Example:

(mapcar (lambda {(x)

(1ist~ (basic-vector-p x)
(general-vector-p x)))
(@& b c)
"abc"
#(a b c)
#1a(a b ¢c)
#2a((a) (v) (c))))
= ((nil nil) (t nil) (¢ t) (¢t t) (nil nil))

(create-vector : [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

shall be signaled if the requested vector cannot be allocated (error-id. cannot-create-vector). An
error shall be signaled if i is not a non-negative integer (error-id. domain-error). initial-element
may be any ISLisP object.
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Example:
(create-vector 3 17) = #(17 17 17)
(create-vector 2 #\a) = #(#\a #\a)
(vector obj*) — <general-vector> fung¢tion

Returns a new general-vector whose elements are its obj arguments. The length ofithe newly

created vector is, therefore, the number of objs passed as arguments. The vector)is indexed [by

integers ranging from 0 to dimension—1. An error shall be signaled if the réquested vector
cannot be allocated (error-id. cannot-create-vector). Each obj may be any JISLisP object.

Example:
(vector ’a ’b ’c) = #(alb c)

(vector) = 40

16 String class

A string is a vector that is capable only of holding elements of type <character>. See §14.
detailed information about the relationship of arrays, vectors, and strings.

Any implementation-defined chatacter can be a string element. In ISLisp, string indices are

for

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 rrI:st

be preceded by a backslash “\”. If the string has a backslash as its element, the backslash

ust

be preceded by arother backslash. Strings contained in program text as literals are immutgble

objects. The réphesentation of non-printable characters is implementation defined.

(stringp/ obj) — boolean funftion

Returns t if obj is a string (instance of class <string>); otherwise, returns nil. obj may bg

any
ISLisp object.
Example:
(stringp "abc") =>t
(stringp ’abc) = nil
(create-string i [inilial-character]) — <string> function

95


https://standardsiso.com/api/?name=f4385572386fadb623eb13d3fb6105d2

ISO/IEC 13816:1997(E) © ISO/IEC

Returns a string of length ¢. If initial-character is given, then the characters of the new string
are initialized with this character, otherwise the initialization is implementation defined. An
error shall be signaled if the requested string cannot be allocated (error-id. cannot-create-string).
An error shall be signaled if 7 is not a non-negative integer or if initial-character is not a
character (error-id. domain-error).

Example:

(create-string 3 #\a) = "aaa"

(create-string 0 #\a) = "
(stxing= string; stringz) — quasi-boolean function
(stying/= string; strings) — quasi-boolean function
(strling< string; strings) — quasi-boolean function
(stxing> string; strings) — quasi-boolean function
(stying>= string; strings) — quasi-boolean function
(stying<= siring; strings) — quasi-boolean function

The ffunction string= tests whether string; is the same string as\string,. The function string<
tests| whether string; is less than strings. The function string<= tests whether string; is less
than| or equal to strings.

The jordering used is based on character comparisons.

Twol|strings are string= if they are of the samelength, [, and if for every ¢, where 0 < i < I,
(chgr= (elt string; i) (elt stringy 1)) holds.

Twolstrings string; and strings are in drder (string<) if in the first position in which they differ
the ¢haracter of string; is char< the corresponding character of strings, or if the string; is a
proper prefix of strings (of shorterlength and matching in all the characters of siring,).

Twolstrings are string<= jif-they are either string< or they are string=.

Two|strings are string/<1f and only if they are not string=. Two strings are string> if and
only|if they are not{sttring<=. Two strings are string>= if and only if they are not string<.

For these 6 string comparison functions, if the test is satisfied, an implementation-defined
non-nil value.i$ returned; otherwise, nil is returned.

An grror shall be signaled if either string, or strings is not a string (error-id. domain-error).

Example:

(if (string= "abcd" "abed") t nil) =t
(if (string= "abecd" "wxyz") t nil) = nil
(if (string= "abcd" "abcde") t nil) = nil
(if (string= "abcde" "abed") t nil) = nil
(if (string/= "abed" "wxyz") t nil) = t
(if (string< "abcd" "abcd") t nil) = nil
(if (string< "abcd" "wxyz") t nil) = t
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(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 character string [start-position]) — <object> fundtion

Returns the position of character in 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 succeed

18

an offset from the beginning of the string, not from the starting pownt. If the character does not
occur in the string, nil is returned. The function eql is used for.the comparisons.
An error shall be signaled if character is not a character otAf string is not a string (error-id,
domain-error).
Example:

(char-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 sdbsiring string [start-position]) — <object> fundtion
Returns thé 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 sdarch

succéeds 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 eql on corresponding elements of the two strings.

An error shall be signaled if either substring or siring is not a string (error-id. domain-erro

Example:
(string-index "foo" "foobar") = 0
(string-index "bar" "foobar") = 3
(string-index "F0O0" "foobar") = nil
(string-index "foo" "foobar" 1) = nil
(string-index "bar" "foobar" 1) = 3
(string-index "foo" "") = nil
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(string-index "" "foo") = 0
(string-append string*) — <string> function

Retyirns a single string containing a sequence of characters that results from appending the
sequences of characters of each of the strings, or "" if given no strings. An error shall be
signhled if any string is not a string (error-id. domain-error).

This function does not modify its arguments. It is implementation defined whether and when*the
result shares structure with its string arguments.

An ¢rror shall be signaled if the string cannot be allocated (error-id. cannot-creaté-string).

Example:

(string-append "abc" "def") = "abcdef"
(string-append "abc'" "abc") = "abcabc!
(string-append "abc" "") = "abc"
e pssppeney. B [N TR TP SN TR — MaTAM
\SbLJ.u.s—aPpcuu ave J — AU
(string-append "abc" "" "def") = "abedef"

17 Sequence Functions

Objects that are either of class <basic-vector> or of class <1list> are sometimes called
“sequences”. The operations upon‘sequences are called “sequence functions.”

[0

(length sequence) —‘<integer> function

Retfurns the length of sequence as an integer greater than or equal to 0.

WHen segatence is a basic-vector, length returns its dimension.

Whensequence 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. Consistently with that, ’(a b . ¢) =
(cons ’a (cons ’b ’c)) and (length ’(a b . ¢)) = 2.

An error shall be signaled if sequence is not a basic-vector or a list (error-id. domain-error).

Example:

(length ’(a b ¢))
(length ’(a (b) (c d e)))

¢4
w w
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(length ’())
(length (vector ’a ’b ’c))

w o

(elt sequence z) — <object> function

Given a sequence and an integer z satisfying 0 < z < (length sequence), elt returns the
element of sequence that has index z. Indexing is 0-based; i.e., z = 0 designates the first

element. An error shall be signaled if 2 is an integer outside of the mentioned rangé)(error-iq.
indez-out-of-range).

An error shall be signaled if sequence is not a basic-vector or a list or if z7is not an integer
(error-id. domain-error).

Example:

(elt ’(a b c) 2) = c

(elt (vector ’a ’b ’c¢) 1) =P

(elt "abc" 0) = #\a
(setf (elt sequence z) obj) — <objéct> special form
(set-elt obj sequence z) — <object> fundtion

The setf special form takes-theplace indicated by the selector elt and updates this place yith
the result of the evaluation of’0bj. The integer z satisfies 0 < z < (length sequence).

An error shall be sigrialed if z is an integer outside of the valid range of indices (error-id.
indez-out-of-range)). ;The returned value is the result of the evaluation of obj. An error shalll be
signaled if sequénee 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)))
(setf (elt string 2) #\0)
x) = "xx0xx"

(subseq sequence zy z3) — Sequence function

Given a sequence sequence and two integers z; and zy satisfying

0 < z; < 23 < (length sequence), this function returns the subsequence of length 25 — 21,
containing the elements with indices from z; (inclusive) to z3 (exclusive). The subsequence is
newly allocated, and has the same class as sequence.
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An error shall be signaled if the requested subsequence cannot be allocated (error-id.
cannot-create-sequence). An error shall be signaled if z; or z; are outside of the bounds
mentioned (error-id. indez-out-of-range). An error shall be signaled if sequence is not a

basic-vector or a list, or if 2; is not an integer, or if z; is not an intege

Example:
—(subseg “abcdet ) ——“bed
(subseq ’(abcdef)14) = (b c d)
(subseq (vector ’'a ’b ’c ’d ’e ’f) 1 4)
= #(b ¢ d)
(map-into destination function seq*) — sequence function

Desfructively modifies destination to contain the results of applying function to successive
elements in the seqs. The destination is returned.

If dqstination and each element of segs are not all the same lengthy the iteration terminates when
the shortest sequence (of any of the segs or the destination) is exhausted.

The|calls to function proceed from left to right, so that.if function has side effects, it can rely
upon being called first on all of the elements with index 0, then on all of those numbered 1, and
S0 of.

An ¢rror shall be signaled if destination is not<a-basic-vector or a list (error-id. domain-error).
An ¢rror shall be signaled if any seq is notabasic-vector or a list (error-id. domain-error).

Example:

(setq k-’ (one two three))
(map-into a #’cons k a)
(Let ((x 0))
(map-into a
(Jambda () (setq x (+ x 2)))))

(one two three)
((one . 11) (two . 12) (three . 13) 14)

(setq a (list 1 2.3 4)) = (1234)
(setq b (list 40)10 10 10)) = (10 10 10 10)
(map-into a#”#+ a b) = (11 12 13 14)
a = (11 12 13 14)
b = (10 10 10 10)
=
=

= (2 4 6 8)
a = (2 4 6 8)
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18 Stream class

Streams are instances of the <stream> class. They are objects that serve as sources or sinks
data.

of

(streamp obj) — boolean function
Returns t if obj is a stream (instance of class <stream>); otherwise, returns nil. obj nmray’be any
ISLisP object. streamp is unaffected by whether its argument, if an instance of the class
<stream>, is open or closed.
Example:

(streamp (standard-input)) >t

(streamp ’()) = nil
(open-stream-p 0bj) — boolean fungtion
Returns t if 0bj is an open stream; otherwise;returns nil.
(input-stream-p obj) — boolean fungtion
Returns t if 0bj is a streamthat can handle input operations; otherwise, returns nil.
Example:

(input=stream-p (standard-input)) =t

(input-stream-p (standard-output)) = nil

(Gnput-stream-p ’(a b c)) = nil
Coutput-stream-p obj) — boolean fundtion

Returns t if obj is a stream that can handle output operations; otherwise, returns nil.
Example:
(output-stream-p (standard-output)) = t

(output-stream-p (standard-input)) = nil
(output-stream-p "hello") = nil
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