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Foreword

international organizations, governmental and non-governmental, in liaison with 1ISO and IEC,(also take pjart in the work.

In the field of information technology, 1SO and IEC have established a joint technical, committee, ISQ/IEC JTC 1. Draf
International Standards adopted by the joint technical committee are circulated to national bodies for vot|ng. Publination as
International Standard requires approval by at least 75 % of the national bodies casting-a vote.

International Standard ISO/IEC 16262 was prepared by ECMA (as ECMA-262)(and was adopted, undef a special “fast-tre
proceddire”, by Joint Technical Committee ISO/IEC JT@nfigrmation technologyify parallel with its approval by national
bodies pf ISO and IEC.
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Information technology - ECMAScript language specification

1 Scope
This Standard defines the ECMAScript scripting language.

2 Conformance

A confqrmat

and prg

A confq
Standa

gram syntax described in this specification.

brming implementation of this International Standard shall interpret characters in conformanc
d, Version 2.0, and ISO/IEC 10646-1 with UCS-2 as the adopted encoding form, .implement

adopted ISO/IEC 10646-1 subset is not otherwise specified, it is presumed to be the BMP subset, collecti

A conf
functior]
to prov
specific

A confg
particul
reserve

3 Norr
The fol

brming implementation of ECMAScript is permitted to provide additional types;.values, objec
s beyond those described in this specification. In particular, a conforming implenientation of ECM
de properties not described in this specification, and values for those properties, for objects thatf
ation.

rming implementation of ECMAScript is permitted to support programSyntax not described in th
br, a conforming implementation of ECMAScript is permitted to support program syntax that make
d words” listed in 7.4.3.

hative References
owing standards contain provisions which, through reference in this text, constitute provisions

Standafd. At the time of publication, the editions indicated{were valid. All standards are subject to rev

agreem
of the s

ISO/IE(

ISO/IE(
Archite

ISO/IE(

Unicod
Park, G

ANSI/IH
Engine

4 Ove
This clg

ECMAS

ents based on this International Standard are enceuraged to investigate the possibility of applying t
andards indicated below. Members of IEC andSO maintain registers of currently valid International

[ 9899:1990Programming languages — C.

[ 10646-1:1993,Information technology- — Universal Multiple-Octet Coded Character Set (
Cture and Basic Multilingual Plane,

[ 646:1991Information technolagy— ISO 7-bit coded character set for information interchange.

b Inc. (1996), The Unicode.Standard™, Version 2.0. ISBN: 0-201-48345-9, Addison-Wesley Pu
alifornia.

EE Std 754-1985.4EEE Standard for Binary Floating-Point Arithmetic. Institute of Electrica
brs, New York (1985).

rview
use contains a non-normative overview of the ECMAScript language.

properties, function:

b with the Unicod
ation level 3. If tF
bn 300.

IS, properties, anc
AScript is permitte
are debsibed in

is specification. In
s use of the “futur

of this Internation:
sion, and parties
he mosbnscent edi
Standards.

JCS) — Part 1:

blishing Co., Menl

and Electronics

cript_is an object-oriented programming language for performing computations and manipul

objects

ting computations

within a host environment. ECMAScript as defined here is not intended to be computationally self-sufficient; indee

there are no provisions in this specification for input of external data or output of computed results. Instead, it istteadpected
the computational environment of an ECMAScript program will provide not only the objects and other facilities described il
this specification but also certain environment-spetifistobjects, whose description and behaviour are beyond the scope of
this specification except to indicate that they may provide certain properties that can be accessed and certain fucetions that
be called from an ECMAScript program.

A scripting languageis a programming language that is used to manipulate, customise, and automate the facilities of &
existing system. In such systems, useful functionality is already available through a user interface, and the scriptiag langu
is a mechanism for exposing that functionality to program control. In this way, the existing system is said to provide a ha
environment of objects and facilities, which completes the capabilities of the scripting language. A scripting language
intended for use by both professional and non-professional programmers, and therefore there may be a number of informali
built into the language.
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ECMAScript was originally designed to beVdeb scripting language providing a mechanism to enliven Web pages in
browsers and to perform server computation as part of a Web-based client-server architecture. ECMAScript can provide core
scripting capabilities for a variety of host environments, and therefore the core scripting language is specified in tig docum
apart from any particular host environment.

Some of the facilities of ECMAScript are similar to those used in other programming languages; in particulandagalf,
as described in:

Gosling, James, Bill Joy and Guy Steele. The Java Language Specification. Addison Wesley Publishing Co., 1996.

Ungar, David, and Smith, Randall B. Self: The Power of Simplicity. OOPSLA '87 Conference Proceedin

Orlando,

4.1 Web [Scripting

A web br
represent

host envijonment provides a means to attach scripting code to events such as change of focus, page

unloading
displayed
reactive td

A web sel
and files;
distribute

Each Welp browser and server that supports ECMAScript supplies\its own host environment, completing

execution

4.2 Lang

The follow
of the star

ECMAScr
cluster of
attributes
true, any

that hold

Undefineqg
a function

ECMAScr
objects in
object, the

ECMAScr!
operators
operators,

L, October, 1987.

OS, pp. 227-241,

wser provides an ECMAScript host environment for client-side computation including; for instance, objects that

windows, menus, pop-ups, dialog boxes, text areas, anchors, frames, history, coekies, and inpulf

error and abort, selection, form submission, and mouse actions. Scripting.‘code appears within
page is a combination of user interface elements and fixed and computed text and images. T
user interaction and there is no need for a main program.

ver provides a different host environment for server-side computation,including objects representir
and mechanisms to lock and share data. By using browser-side’ and server side scripting toget
omputation between the client and server while providing a customised user interface for a Web-ba

environment.

lage Overview
ing is an informal overview of ECMAScript—nef;all parts of the language are described. This ove
dard proper.

pt is object-based: basic language and host facilities are provided by objects, and an ECMAS
communicating objects. An ECMAScHmbject is an unordered collection gfropertieseach with O

output. Further, tt
and image loadin
the HTML and the
e scripting code |

g requests, clients
her it is possible t
s5ed application.

the ECMAScript

rview is not part

cript program is a
or more

vhich determine how each property ¢an be used—for example, when the ReadOnly attribute for & property is set to

httempt by executed ECMASctipt code to change the value of the property has no effect. Props
bther object@rimitive values Orimethods A primitive value is a member of one of the following b
Null, Boolean Number, andString; an object is a member of the remaining built-in t@igect; and a
associated with an objectvia a property.

rties are containel
ilt-in types:
method is

pt defines a collectian dfuilt-in objectswhich round out the definition of ECMAScript entities. These built-in

Clude th&lobal ebject, theObject object, theFunction object, theArray object, theString object, the
Number objecty theMath object, and th®ate object.

pt also defines a set of built-operatorsthat may not be, strictly speaking, functions or methods.
include-various unary operations, multiplicative operators, additive operators, bitwise shift of
equality operators, binary bitwise operators, binary logical operators, assignment operators, and the

Boolean

ECMAScript
erators, relational
comma operator

ECMASCcr

pt-syntax intentionally resembles Java syntax. ECMAScript syntax is relaxed to enable it to serv

as an easy-to-use

scripting language. For example, a variable is not required to have its type declared nor are types associated with propertie
and defined functions are not required to have their declarations appear textually before calls to them.

4.2.1 Objects

ECMAScript does not contain proper classes such as those in C++, Smalltalk, or Java, but rathercenppad®rswhich

create objects by executing code that allocates storage for the objects and initialises all or part of them by assigning initia
values to their properties. All functions including constructors are objects, but not all objects are constructors. Baciorconstr

has aPrototype property that is used to implemegarbtotype-based inheritancandshared propertiesObjects are created by

using constructors inew expressions; for examplagw String("A String")

creates a new string object.

Invoking a

constructor without usingnew has consequences that depend on the constructor. For ex&tniplg'A String")
produces a primitive string, not an object.
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ECMAScript supportprototype-based inheritanc&very constructor has an associated prototype, and every object created by
that constructor has an implicit reference to the prototype (calledbjeet's prototypg associated with its constructor.
Furthermore, a prototype may have a non-null implicit reference to its prototype, and so on; this is cpfl@otype chain

When a reference is made to a property in an object, that reference is to the property of that name in the first object in
prototype chain that contains a property of that name. In other words, first the object mentioned directly is examined for sucl
property; if that object contains the named property, that is the property to which the reference refers; if that objett does |

contain

In a cl

the named property, the prototype for that object is examined next; and so on.

ss-based object-oriented language, in general, state is carried by instances, methods are

arried by classes

inherital
behavid

All obje
followin

CFisa
CF5. H
relation
are not
CF5, as
no impl

Unlike

hce is only of structure and behaviour. In ECMAScript, the state and methods are carried by)o
ur, and state are all inherited.

cts that do not directly contain a particular property that their prototype contains share that prope

bjects, and structt

ty and Tisevalue.

g diagram illustrates this:
A
E A IIIIITIIIIIIIIIIIITII>
“.as=nd CF : implicit prototype link
prototype > CF :
o1 CFp1 eans
p2 explicit prototype link
I fol : . cr CF3 cra| i crs ...
q1 g1 q1 q1 q1
q2 q2 q2 q2 q2

constructor (and alsoyah object). Five objects have been created by using new expressions: CF
ach of these oljects contains properties named gl and g2. The dashed lines represent
Ship; so, for example, CF3’s prototype is CFp. The constructor, CF, has two properties itself, nan
visible to CEp;. CF1, CF2, CF3, CF4, or CF5. The property named CFpl in CFp is shared by CF1
are any<properties found in CFp’s implicit prototype chain which are not named q1, g2, or CFp]
cit prototype link between CFp and CF.

Class-based object languages, properties can be added to objects dynamically by assigning v3

1, CF2, CF3, CF4
the implicit protot
ed p1 and p2, whi
CF2, CF3, CF4,
. Notice that there

lues to them. The

construl

tars_are not required_to name or assian values to all or anv of the caonstructed _ohiect’'s nr
T ~ 7 J T

erties. In the ab

diagram, one could add a new shared property for CF1, CF2, CF3, CF4, and CF5 by assigning a new value to the propert

CFp.

4.3 Definitions
The following are informal definitions of key terms associated with ECMAScript.

4.3.1 Type
A typeis a set of data values.

4.3.2 Primitive value

A primitive valueis a member of one of the typesmdefined, Null, Boolean Number, or String. A primitive value is a
datum that is represented directly at the lowest level of the language implementation.
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4.3.3 Object

An objectis a member of the typ@bject. It is an unordered collection of properties each of which contains a primitive value,
object, or function. A function stored in a property of an object is called a method.

4.3.4 Constructor

A constructoris a function object that creates and initialises objects. Each constructor has an associated prototype object tha
is used to implement inheritance and shared properties.

4.3.5 Protptype

A prototyf[eis an object used to implement structure, state, and behaviour inheritance in ECMAScript;When a constructor
creates an object, that object implicitly references the constructor’s associated prototype for the purpesée of resoltyng proper
references. The constructor’'s associated prototype can be referenced by the program expnessictar,* . ‘protofype
and propdrties added to an object’s prototype are shared, through inheritance, by all objects shating the prototype.

4.3.6 Natiye object

A native @bjectis any object supplied by an ECMAScript implementation independent ‘ofl the host environment. Standard
native objgcts are defined in this specification. Some native objects are built-in; others\thay be constructed during die course
execution|of an ECMAScript program.

4.3.7 Builtin object

A built-in pbjectis any object supplied by an ECMAScript implementation;,, independent of the host envirgnment, which is
present afl the start of the execution of an ECMAScript program. Standatd)built-in objects are defined in thig specification, an
the ECMAScript implementation may specify and define others. Every‘huilt-in object is a native object.

4.3.8 Host object

A host objectis any object supplied by the host environment to“complete the execution environment of ECMAScript. Any
object thaf is not native is a host object.

4.3.9 Undgfined value

Theundeflned values a primitive value used when a variable has not been assigned a value.
4.3.10 Unfefined type

The typeUndefined has exactly one value, calladdefined.

4.3.11 Nufl value

Thenull vdlue is a primitive value that\represents the null, empty, or non-existent reference.

4.3.12 Null type
The typeNull has exactly one‘value, calladll.

4.3.13 Bogplean value
A boolear] values a member of the ty@@ooleanand is one of two unique valuégje andfalse

4.3.14 Boplean type

The typeBooléanrepresents a logical entity and consists of exactly two unique values. One istreedl@shd the other is
calledfalse

4.3.15 Boolean object

A boolean objects a member of the typg@bject and is an instance of the built-in Boolean object. That is, a boolean object is
created by using the Boolean constructor in a new expression, supplying a boolean as an argument. The resulting object has
implicit (unnamed) property that is the boolean. A boolean object can be coerced to a boolean value. A boolean object can b
used anywhere a boolean value is expected.

This is an example of one of the conveniences built into ECMAScript—in this case, the purpose is to accommodate
programmers of varying backgrounds. Those familiar with imperative or procedural programming languages may find
boolean, string and number values more natural, while those familiar with object-oriented languages may find boolean, string
and number objects more intuitive.
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4.3.16 String value
A string valueis a member of the tyf&tring and is a finite ordered sequence of zero or more Unicode characters.

4.3.17 String type

The typ

eString is the set of all finite ordered sequences of zero or more Unicode characters.

4.3.18 String object
A string objectis a member of the typ@bject and is an instance of the built-in String object. That is, a string object is created

ISO/IEC 16262:1998 (E)

by usin
(unnam
string v
4.3.19

A numb
4.3.20

The typ
bit form

4.3.21

A numk
created
implicit
used a
Numbe

4.3.22
The pri
4.3.23
The pri

5 Nots

5.1 Sy

This clg
ECMAS

511C

A contg
its left-h
the tern

Starting

g e~ String CoTTStructor T a TTew EXpresSion, Supplyig & Sty &S T argurient. T e Tesuttig
ed) property that is the string. A string object can be coerced to a string value. A string object,ca
hlue is expected.

Number value
er valueis a member of the tygdumber and is a direct representation of a number.

Number type

eNumber is a set of values representing numbers. In ECMAScript the set of values represent the
at IEEE 754 values including the special “Not-a-Number” (NaN) values, pOsitive infinity, and nega

Number object

er objectis a member of the typ@bject and is an instance of the builtlin Number object. That is, a
by using the Number constructor in a new expression, supplying.a number as an argument. The

nywhere a number value is expected. Note that a number. object can have shared properties
[ prototype.

nfinity

mitive valudnfinity represents the positive infinite-iiumber value.

NaN

mitive valueNaN represents the set of IEEE-Standard “Not-a-Number” values.

itional Conventions

ntactic and Lexical Grammars

luse describes the contextfree grammars used in this specification to define the lexical and sy
cript program.

bntext-Free Grammars

xt-free grammeatonsists of a number productions Each production has an abstract symbol calledr
and sideand-a sequence of one or more nonterminalt@mainal symbols as itsight-hand side For ea
ninal synmibols are drawn from a specified alphabet.

fromya’ sentence consisting of a single distinguished nonterminal, callgdaheymbaql a given
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5.1.2 The lexical grammar

A lexical grammarfor ECMAScript is given in clause 7. This grammar has as its terminal symbols the characters of the
Unicode character set. It defines a set of productions, starting from the goal syputBlementthat describe how sequences
of Unicode characters are translated into a sequence of input elements.
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Input elements other than white space and comments form the terminal symbols for the syntactic grammar for ECMAScri
and are called ECMAScriptokens These tokens are the reserved words, identifiers, literals, and punctuators of the
ECMAScript language. Moreover, line terminators, although not considered to be tokens, also become part of the stream
input elements and guide the process of automatic semicolon insertion (see 7.8). Simple white space and single-line comm
are simply discarded and do not appear in the stream of input elements for the syntactic grakat@ErindCommentthat
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is, a comment of the form/* ...*/ ” regardless of whether it spans more than one line) is likewise simply discarded if it
contains no line terminator; but if a multi-ine comment contains one or more line terminators, then it is replaced by a single
line terminator, which becomes part of the stream of input elements for the syntactic grammar.

Productions of the lexical grammar are distinguished by having two calofisa$ separating punctuation.

5.1.3 The numeric string grammar

A second grammar is used for translating strings into numeric values. This grammar is similar to the part of the lexical
grammar having to do with numeric literals and has as its terminal symbols the characters of the Unicode character set. Thi
grammar appears in clause 9.3.1.

Productiofs of the numeric string grammar are distinguished by having three colorisa$ punctuation.

5.1.4 The|syntactic grammar

The syntagtic grammafor ECMAScript is given in clauses 11, 12, 13, and 14. This grammar has/ ECMAScript tokens defined
by the lesical grammar as its terminal symbols (see 5.1.2). It defines a set of productions, starting from the goal symbol
Program that describe how sequences of tokens can form syntactically correct ECMASeript programs.

When a sfream of Unicode characters is to be parsed as an ECMAScript program,\it is first converted tq a stream of inpu
elements py repeated application of the lexical grammar; this stream of input elements is then parsed by a $ingle dpplication c
the syntay grammar. The program is syntactically in error if the tokens in the«stream of input elements cannot be parsed as
single instance of the goal nontermiRabgram with no tokens left over.

Productiofs of the syntactic grammar are distinguished by having just ofecoempunctuation.

The syntactic grammar as presented in clauses 11, 12, 13, and 14 isactually not a complete account of which token sequenc
are accepted as correct ECMAScript programs. Certain additionaltoken sequences are also accepted, namjely, those that wot
be described by the grammar if only semicolons were added. to‘the sequence in certain places (such as before line terminat
characters). Furthermore, certain token sequences that are-described by the grammar are not considered acceptable if
terminator| character appears in certain “awkward” places;

5.1.5 Grainmar Notation

Terminal $ymbols of the lexical and string grammars, and some of the terminal symbols of the syntactic grammar, are showr
in fixed width font, both in the productions.of’the grammars and throughout this specification whenevef the text directly
refers to such a terminal symbol. These are to/appear in a program exactly as written.

Nonterminjal symbols are shown italic type. The definition of a nonterminal is introduced by the name of the nonterminal

being defined followed by one or more/colons. (The number of colons indicates to which grammar the prgduction belongs.)
One or more alternative right-hand-sides for the nonterminal then follow on succeeding lines. For example, the syntactic
definition:

WithStatement

with ( Exptession) Statement

states thaft the nontermindlithStatementepresents the tokewmith , followed by a left parenthesis token, follpwed by an

Expressiopfollowed by a right parenthesis token, followed b$tatementThe occurrences dxpressiorandStatémenare
themselvgdsmonterminals. As another example, the syntactic definition:

ArgumentList

AssignmentExpression
ArgumentList  AssignmentExpression

states that aArgumentListmay represent either a singdssignmentExpressioor an ArgumentList followed by a comma,
followed by anAssignmentExpressioifthis definition ofArgumentLists recursive that is, it is defined in terms of itself. The

result is that amArgumentListmay contain any positive number of arguments, separated by commas, where each argument
expression is aAssignmentExpressioBuch recursive definitions of nonterminals are common.

The subscripted suffixdpt’, which may appear after a terminal or nonterminal, indicatespéional symbolThe alternative
containing the optional symbol actually specifies two right-hand sides, one that omits the optional element and one that
includes it. This means that:
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VariableDeclaration:

Identifier Initializer,

is a convenient abbreviation for:
VariableDeclaration:

Identifier
Identifier Initializer

ISO/IEC 16262:1998 (E)

and th
lferationStatemernnt

for( Expressiop),; Expressiop),; Expressiop),)

is a corjvenient abbreviation for:

[ferationStatement

for (; Expressiop,; Expressio,) Statement
for ( Expressionn  Expressiop),; Expressioy, )

which i turn is an abbreviation for:

[ferationStatement
for (;; Expressiop),) Statement
for (; Expressionn  Expressiop),) Statement
for ( Expression ; Expressiop,) Statement

which ip turn is an abbreviation for:

[ferationStatement
for(;;) Statement
for (;; Expression.\» Statement
for (; Expression.) Statement
for (; Expression Expressior) Statement
for ( Expresgsion ;) Statement
for ( Expression ; Expression) Statement

for ( EXpression  Expression ) Statement

so the nontermindterationStatemerdctually has eight alternative right-hand sides.

for ( Expressionn  Expressionn  Expressiop,) Statement

for ( EXpression Expressionn Expressior) Statement

If the phrase.[ho LineTerminatorhere] appears in the right-hand side of a production of the syntactic grammar, it indicates that

the production isa restricted praoductionit may not he used if hineTerminataroccurs in the input stream at the indicated

position. For example, the production:
ReturnStatement

return  [noLineTerminatorhere] EXpressiof), ;

indicates that the production may not be usedLiin@Terminatoroccurs in the program between tle¢urn  token and the

Expression

Unless the presence of.meTerminatoris forbidden by a restricted production, any number of occurrendéisedferminator
may appear between any two consecutive tokens in the stream of input elements without affecting the syntactic acceptab

of the program.
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When the wordsdne of follow the colon(s) in a grammar definition, they signify that each of the terminal symbols on the

following line or lines is an alternative definition. For example, the lexical grammar for ECMAScript contains

ZeroToThree: one of

0 1 2 3

which is merely a convenient abbreviation for:

ZeroToThree:

0
1
2
3

When an [alternative in a production of the lexical grammar or the numeric string grammar_appears to b

token, it rg

The right-
then indic

Ide

presents the sequence of characters that would make up such a token.

hting the expansions to be excluded. For example, the production:
ntifier ::
IdentifierNamebut not ReservedWord

means th

provided that the same sequence of characters could not rRj@see/edWord

Finally, a few nonterminal symbols are described by a descriptive phrase in roman type in cases where it w
to list all the alternatives:

SoyrceCharacter.

any Unicode character

5.2 Algonthm Conventions
The specification often uses a numbered list to specify steps in an algorithm. These algorithms are used to
practice, there may be more efficient algorithms available to implement a given feature.
When an glgorithm is to produce acvalde as a result, the directive “return x” is used to indicate that the res
is the valye of x and that the algerithim should terminate. The notation Result(n) is used as shorthand for “t}

Type(X) is|used as shorthand for,“the type of x”.

Mathematjcal operations/stiech as addition, subtraction, negation, multiplication, division, and the mathe
defined Igter in this clausé should always be understood as computing exact mathematical results on
numbers, |which do-not include infinities and do not include a negative zero that is distinguished frg
Algorithms in this standard that model floating-point arithmetic include explicit steps, where necessary, to h3
signed zefo and:to perform rounding. If a mathematical operation or function is applied to a floating-point
be undergtoed-as belng applled to the exact mathematical vaIue represented by that floatlng pomt numb

the production:

e a multicharacter

hand side of a production may specify that certain expansions are not permitted by using thbythiraseahd

bt the nonterminkdentifier may be replaced by any sequente of characters that could régdatdierName

ould be impractica

Clarify Isemantics.

LIt offthee algori
e result of step

matical functions
mathematical res
m positive zero.
ndleanfinities
humber, it should
er; such a floating

point numbe

The mathematical function ab¥fields the absolute value vf which is—x if x is negative (less than zero) and o
itself.

The mathematical function sigf(yields 1 ifx is positive and-1 if x is negative. The sign function is not used in
for cases whenis zero.

The notation X moduloy” (y must be finite and nonzero) computes a v&lwé the same sign gssuch that abgj
andx-k = gy for some integeq.

The mathematical function floof(yields the largest integer (closest to positive infinity) that is not largerxthan

NOTE floor(x) = x—(x modulo 1).

therwise is

this standard

< absy)
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If an algorithm is defined to “generate a runtime error”, execution of the algorithm (and any calling algorithms) is terminate

and no

result is returned.

6 Source Text

ECMASCcript source text is represented as a sequence of characters representable using the Unicode version 2.0 char
encoding.

SowceCharacter

Except
Unicod
literals.
charact]
is effec

the string value of the literal.

Althoud
none o
The Un
terms “

NOTE
program
terminat]
Unicodse
which ig
value o
interpret
within a
interpret

7 Lexi

The so

termingtors, comments, or white:space. The source text is scanned from left to right, repeatedly taking

sequen

Syntax
InputEl

\
1

any Unicode character

within comments and string literals, every ECMAScript program shall consist of only character
b characters (that is, the first half of row zero). Other Unicode characters may appear, ‘only within
In string literals, any Unicode character may also be expressed as a Unicodeescape sequ
ers from the first 128 characters, narhelplus four hexadecimal digits. Within a comment, such an
ively ignored as part of the comment. Within a string literal, the Unicode escape’sequence contri

h the characters in an ECMAScript program are Unicode characters, they are treated as indepen

the context-dependent interpretation specified in the Unicode standard. Such values are often
icode standard refers to code points as “coded character data’elements”. Throughout this Inte
Character” and “code point” are understood to mean “coded character data element”.

ECMAScript differs from the Java programming language in the behaviour of Unicode escape sequences
, if the Unicode escape sequence \uOOOA , for example, occlirs within a single-line comment, it is interpret
Dbr (Unicode character 000A is line feed) and therefore the(hext character is not part of the comment. Sim
escape sequence \UOOOA occurs within a string literal in'a Java program, it is likewise interpreted as a line
not allowed within a string literal—one must write \ninstead of \uUOOOA to cause a line feed to be part g
a string literal. In an ECMAScript program, a,Unicode escape sequence occurring within a comme
ed and therefore cannot contribute to termination” of the comment. Similarly, a Unicode escape sequenc
string literal in an ECMAScript program always contributes a character to the string value of the literal a
ed as a line terminator or as a quote mark.that might terminate the string literal.

cal Conventions
rce text of an ECMAScriptyprogram is first converted into a sequence of input elements, which 3

ce of characters as.the next input element.
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7.1 White Space

White space characters are used to improve source text readability and to separate tokens (indivisible lexical units) from e
other, but are otherwise insignificant. White space may occur between any two tokens, and may occur within strings (wh
they are considered significant characters forming part of the literal string value), but cannot appear within any other kind

token.
The foll

owing characters are considered to be white space:
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Unicode Value Name Formal Name
\u0009 Tab <TAB>
\uO00B Vertical Tab <VT>
\u000C Form Feed <FF>
\u0020 Space <SP>
Syntax
WhiteSpage:
<TAB>
<V1>
<FR>
<SPp>

7.2 Line Terminators

Like whitgspace characters, line terminator characters are used to improve souree text readability and|to separate toker
(indivisible lexical units) from each other. However, unlike whitespace characters; line terminators have some influence over
the behavfiour of the syntactic grammar. In general, line terminators may occur between any two tokens, put there are a fev
places where they are forbidden by the syntactic grammar. A line terminatér cannot occur within any token| not even a string.
Line termipators also affect the process of automatic semicolon insertion (See 7.8).

The followiing characters are considered to be line terminators:

Unicode Value Name $ N Formal Name
2 0‘
\uOOOA Line-Eeed <LF>
\u000D Carriage Return <CR>
Syntax
LineTerminator::
<LH>
<CR>

7.3 Cominents
Description

Commentp can be eithier single or multi-line. Multi-line comments cannot nest.

Because 4 single=liné comment can contain any character excggT&rminatorcharacter, and because of the|general rule

that a tokeén s always as long as possible, a single-line comment always consists of all characterg/framatRer to the

end of thel line. However, tHeneTerminatorat the end of the line is not considered to be part of the single-ling comment; it is
recognised Separately by the lexical grammar and becomes part of the stream of INput elements Tor the syntactic grammar. Th
point is very important, because it implies that the presence or absence of single-line comments does not affect the process
automatic semicolon insertion (see 7.8.2).

Comments behave like white space and are discarded except thdliflaneCommentontains a line terminator character,
then the entire comment is considered to heaTerminatorfor purposes of parsing by the syntactic grammar.

Syntax
Comment:

MultiLineComment
SingleLineComment

10
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MultiLin

eComment:

¥ MultiLineCommentChayg*/

MultiLin

MultiLineNotAsteriskChar MultiLineCommentChars

*

eCommentChars

PostAsteriskCommentChgys
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POStAS’LEI’iSKbom mentchars

*|

MultiLin

q

J

MultiLin

q

f

SingleL
/

Singlel

q

f

Singlel

q

N

7.4To
Syntax

Token::
F
I
F
N
9

74.1R
Descrip

Reserv

PostAsteriskCommentChgys

eNotAsteriskChar:

ourceCharactebut not asterisk*

eNotForwardSlashOrAsteriskChar

ineComment

SingleLineCommentChgfs

ineCommentChars

ineCommentChar

ourceCharactebut not LineTerminator

ens

eservedWord
entifier
unctuator
lumericLiteral
tringLiteral

bserved-Words
tion

ultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChars

ourceCharactebut neither forward-slash/ nor asterisk*

ingleLineCommentChar SingleLineCommentChars

pd-Wwords cannot be used as identifiers.

Syntax

ReservedWord

Keyword
FutureReservedWord
NullLiteral
BooleanLiteral

7.4.2 Keywords
The following tokens are ECMAScript keywords and may not be used as identifiers in ECMAScript programs.

11


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

ISO/IEC 16262:1998 (E)

Syntax
Keyword::

ol

one of
break for new var
continue function return void
delete if this while
else in typeof with

7.4.3 Futd

The follow
future add

Syntax

FutureReg

7.5 ldent
Descriptioj

An identif
digit, an
ECMASCT
to be disti
Syntax
Identifier :

Ide

IdentifierN

Ide
Ide

re Reserved Words

ption of those extensions.

ervedWord one of
abstract do import short
boolean double instanceof static
byte enum int super.
case export interface switch
catch extends long synchronized
char final native throw
class finally package throws
const float private transient
debugger goto protected try
default implements public volatile

fiers

n

er is a character sequence of unlimited length, where each character in the sequence must bq
inderscore_§ character, or a dollar sigr$) character, and the first character may not be a
pt identifiers are case sensitive: identifiers whose characters differ in any way, even if only in ca
nct. The dollar sigi$) character is intended for use only in mechanically generated code.

ntifierNamebut hot ReservedWord

ame:

ntifierletter
htifierName IdentifierLetter

SO/IEC

ing words are used as keywords in proposed extensions and are therefore reserved to allow for the possibility o

a letter, a decim:
Hecimal digit.
e, are considered

Ide

IdentifierL

abocdefgh

A
$

trierName becimalDIgIt

etter:: one of

ijklI mmnopagr

JKLMNOPQRSTUVWXY Z

i stuvwXxyz

B CDEFGH.I

DecimalD
0

12

igit:: one of
123456172829
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7.6 Punctuators

Syntax

Punctuator:: one of
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7.7 Litg
Syntax

Literal :

N
B
N
S

7.7.1N
Syntax

NullLite
r

Seman
The val
7.72B
Syntax

Booleal

t
f

brals

lullLiteral
ooleanLiteral
lumericLiteral
tringLiteral

|| Literals

ral ::

ull

ics

Lie of the null literatull

bolean Literals

nLiteral::

ue
hlse

>> >>> +=

is'the sole value of the Null type, namaiyll.

Semantics

The value of the Boolean literalie

The value of the Boolean literkdlse

is a value of the Boolean type, namelye.

is a value of the Boolean type, namilise.

13
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7.7.3 Numeric Literals
Syntax
NumericLiteral::

DecimalLiteral
HexIntegerLiteral
OctallntegerLiteral

O ISO/IEC

DecimalLiteral::
DegimalintegerLiteral DecimalDigits, ExponentParf,
. DecimalDigits ExponentPajt
DegimalintegerLiteral ExponentPgjt
DecimallntegerLiterat:
0
NomZeroDigit DecimalDigits,
DecimalDlgits::
DegimalDigit
Deg¢imalDigits DecimalDigit

NonZeroDigit:: one of
1 2 3 4 5 6 7 8 9

ExponentlPart:

Exgonentindicator Signedinteger

Exponentindicator: one of
eE

Signedintgger:

Deg¢imalDigits
+ DlecimalDigits
- DecimalDigits

HexInteggrLiteral:

0x HexDigit
0X HexDigit
HexlntegerLiteral HexDigit

HexDigit:: one of
0 1 23 456 7 8 9 abocdefADBTCUDEF

OctallntegerLiteral:

0 OctalDigit
OctallntegerLiteral OctalDigit

OctalDigit :: one of
0 1 2 3 4 5 6 7

14
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A numeric literal stands for a value of the Number type. This value is determined in two steps: first, a mathematical val
(MV) is derived from the literal; second, if this mathematical value is not representable using the number type, it isacounded
either the nearest representable value type above the mathematical value or the nearest representable value below
mathematical value.

The rounding mechanism is unspecified, but implementations are encouraged to use IEEE 754 round-to-nearest.

The
The
The
The

The
Dec

The
eis
The

plus
MV

The
inD
The

of characters iDecimalDigis ande is the MV ofExponentPart

The

The
is th

The

The
Dec

The

The
Dec

The
The
The
The
The
The
The
The
The
The
The

MV of Numericl iteral:- Decimall iteralis the MV ofDecimall iteral

MV of NumericLiteral:: HexIntegerLiteralis the MV ofHexIntegerLiteral
MV of NumericLiteral:: OctallntegerLiteralis the MV ofOctallntegerLiteral.
MV of DecimalLiteral:: DecimallntegerLiteral is the MV ofDecimallntegerLiteral

MV of DecimallLiteral:: DecimallntegerLiteral DecimalDigitsis the MV of DecimallintegerLiterablus
malDigitstimes 107), wheren is the number of charactersDecimalDigits

MV of DecimallLiteral:: DecimalintegerLiteral ExponentParis the MV ofDecimallintegerLiteratime
he MV of ExponentPart.

MV of DecimalLiteral:: DecimallntegerLiteral DecimalDigits ExponentPait (the MV of Decimalln

bf ExponentPart.

MV of DecimallLiterd ::. DecimalDigitsis the MV ofDecimalDigitstimes 10", wheren is the number
bcimalDigits.

MV of DecimalLiteral::. DecimalDigits ExponentPai$-the MV ofDecimalDigitstimes 10", wheren is

MV of DecimalLiteral:: DecimallntegerLiterais-the MV ofDecimalintegerLiteral

MV of DecimalLiteral:: DecimallntegerLiteral ExponentPai$ the MV ofDecimallntegerLiteratimes
e MV ofExponentPart

MV of DecimalintegerLiterat: O is O:

MV of DecimalintegerLiterat: NonZeroDigit DecimalDigitss (the MV ofNonZeroDigittimes 10) plug
malDigits wheren is the number of charactersbecimalDigits

MV of DecimalDigits: ‘BecimalDigitis the MV ofDecimalDigit

MV of DecimalDigits :: DecimalDigits DecimalDigitis (the MV of DecimalDigits times 10) plus
malDigit

MV of ExpenrentPart: Exponentindicator Signedintegsrthe MV ofSignedinteger
MV of.Signhedinteger. DecimalDigitsis the MV of DecimalDigits
MV of Signedinteger + DecimalDigitsis the MV of DecimalDigits.

(the MV of

5 10, where

tegerLiteral

(the MV ofDecimalDigitstimes 10") times 10, wheren is the nurber of characters recimalDigits@ande is the

of characters

the number

LO, wheree

the MV of

the MV of

MV of Signedinteger - DecimalDigitsis the negative of the MV of DecimalDigits.

MV of DecimalDigit:: 0 or of HexDigit:: 0 or of OctalDigit:: O is O.

MV of DecimalDigit:: 1 or of NonZeroDigit:: 1 or of HexDigit:: 1 or of OctalDigit:: 1 is 1.
MV of DecimalDigit:: 2 or of NonZeroDigit:: 2 or of HexDigit:: 2 or of OctalDigit:: 2 is 2.
MV of DecimalDigit:: 3 or of NonZeroDigit:: 3 or of HexDigit:: 3 or of OctalDigit:: 3 is 3.
MV of DecimalDigit:: 4 or of NonZeroDigit:: 4 or of HexDigit:: 4 or of OctalDigit:: 4 is 4.
MV of DecimalDigit:: 5 or of NonZeroDigit:: 5 or of HexDigit:: 5 or of OctalDigit:: 5 is 5.
MV of DecimalDigit:: 6 or of NonZeroDigit:: 6 or of HexDigit:: 6 or of OctalDigit:: 6 is 6.

15
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e The MV ofDecimalDigit:: 7 or of NonZeroDigit:: 7 or of HexDigit:: 7 or of OctalDigit:: 7 is 7.
* The MV of DecimalDigit:: 8 or of NonZeroDigit:: 8 or of HexDigit:: 8 is 8.
¢ The MV of DecimalDigit:: 9 or of NonZeroDigit:: 9 or of HexDigit:: 9 is 9.
e The MV ofHexDigit:: a or of HexDigit:: Ais 10.
e The MV ofHexDigit:: b or of HexDigit:: Bis 11.
e The My ofHexDigit T or of HexDigit Ci5 12-
¢ The MY ofHexDigit:: d or of HexDigit:: Dis 13.
e The MY of HexDigit:: e or of HexDigit:: E is 14.
¢ The MY of HexDigit:: f or of HexDigit:: Fis 15.
e The MY of HexIntegerLiterat: Ox HexDigitis the MV ofHexDigit
« The MY of HexIntegerLiteral: 0X HexDigitis the MV ofHexDigit.
 The M)V of HexIntegerLiteral:: HexIntegerLiteralHexDigit is (the MV of HexIntegeérLiteraltimes 16) plus the MV of

HexDigit
» The MY of OctallntegerLiteral:: 0 OctalDigit is the MV ofOctalDigit.
» The MV of OctallntegerLiteral:: OctallntegerLiteral OctalDigitis (the’\MV of OctallntegerLiteraltimes 8) plugs the MV

of OctgIDigit.
Once the pxact MV for a numeric literal has been determined, itlis then rounded to a value of the Number type. If the MV is O,
then the rpunded value +®; otherwise, the rounded value mustthe number value for the MV (in the sense defined in 8.5),
unless thq literal is BecimalLiteraland the literal has more than 20 significant digits, in which case the numbgr value may be
either the lnumber value for the MV of a literal produced 0y replacing each significant digit after the 20t0 digjit ar the
number vplue for the MV of a literal produced by, replacing each significant digit after the 20th @vithiga gnd then
incrementjng the literal at the 20th significant digit(position. A digiigmificantif it is not part of arExponentPartapd
e itis not0; or
< there i$ a nonzero digit to its left and there is a nonzero digit, not Exff@nentPartto its right.
7.7.4 String Literals
A string literal is zero or more characters enclosed in single or double quotes. Each character may be reprgsentedeby an esce
sequence
Syntax
StringLitefal::

" DoubleStringCharactefs”
" §ngleStringCharacteys'

DoubleStrmgCharacters

DoubleStringCharacter DoubleStringCharactgrs

SingleStringCharacters

SingleStringCharacter SingleStringCharactgrs

DoubleStr

ingCharacter.

SourceCharactebut not double-quoté or backslash or LineTerminator
EscapeSequence

16
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SingleS

SourceCharactebut not single-quoté or backslasi or LineTerminator

tringCharacter

EscapeSequence

EscapeSequence

CharacterEscapeSequence
OctalEscapeSequence

ISO/IEC 16262:1998 (E)

U

Charac
\
\

SingleE

NonEs(

q

v

Escape

9
d
X
y

HexEsd
\

OctalEs4

\
\
\

ZeroTo
d

Unicod

HEeXESTapesSequence

nicodeEscapeSequence

erEscapeSequence
SingleEscapeCharacter
NonEscapeCharacter

scapeCharacter one of
) \ b f n

apeCharacter

ourceCharactebut not EscapeCharacteor LineTerminator

Character.

ingleEscapeCharacter
DctalDigit

apeSequence
HexDigit HexDigit

capeSequence

OctalDigit
OctalDigit OctalDigijt
ZeroToThree OctalDigit OctalDigit

Three: one of
T 2 3

bEscapeSequernce

\u HexDigit HexDigit HexDigit HexDigit

The definitions of the nonterminaléexDigit and OctalDigit are given in 7.7.3SourceCharacteis described in clauses 2

and 6.

A string literal stands for a value of the String type. The string value (SV) of the literal is described in terms ofr charactt
values (CV) contributed by the various parts of the string literal. As part of this process, some characters within the stri
literal are interpreted as having a mathematical value (MV), as described below orin 7.7.3.

e The SV ofStringLiteral:: "™ is the empty character sequence .

e The

SV ofStringLiteral:: " is the empty character sequence.
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e The SV ofStringLiteral:: " DoubleStringCharacters is the SV oDoubleStringCharacters
» The SV ofStringLiteral:: ' SingleStringCharacters is the SV ofSingleStringCharacters

e The SV of DoubleStringCharacters:: DoubleStringCharacteris a sequence of one character, the CV of
DoubleStringCharacter

« The SV of DoubleStringCharacters: DoubleStringCharacteDoubleStringCharactersis a sequence of the CV of
DoubleStringCharactefollowed by all the characters in the SV@dubleStringCharacteris order.

e The $V of SingleStringCharacters:: SingleStringCharacteris a sequence of one character,y, the CV of
Single$tringCharacter

e The SNV of SingleStringCharacters: SingleStringCharacterSingleStringCharacters is a sequence of the CV of
Single$tringCharactefollowed by all the characters in the SVSihgleStringCharacters order.

» The CY ofDoubleStringCharacter: SourceCharactebut not double-quote' or backslash or’LineTerminator is the
SourcgCharactecharacter itself.

e The CY ofDoubleStringCharacter. EscapeSequendgthe CV of theEscapeSequence

* The CV of SingleStringCharacter: SourceCharactebut not single-quote’ or haekslash\ or LineTerminaoris the
SourcgCharactecharacter itself.

* The CY ofSingleStringCharacter. EscapeSequendgthe CV of theescapéSequence.

e The CVY ofEscapeSequenceCharacterEscapeSequenisghe CV of theCharacterEscapeSequence
« The CY ofEscapeSequenceOctalEscapeSequencethe CV of thectalEscapeSequence.

» The CY ofEscapeSequenceHexEscapeSequeniethe CV ofithéHexEscapeSequence

« The CY ofEscapeSequenceUnicodeEscapeSequenisgh& CV of thaJnicodeEscapeSequence

« The C) of CharacterEscapeSequence\ SingleEscapeCharactes the Unicode character whose Unicgde value is
determlined by th8ingleEscapeCharact@rccording:to the following table:

Escape Sequence\~ Q'fﬁcode Value Name Symbol
\b \u0008 backspace <BS>
\t \u0009 horizontal tab <HT>
\n \uOOOA line feed (new line)  <LF>
\f \u00o0C form feed <FF>
\r \u000D carriage return <CR>
\" \u0022 double quote "

v \u0027 single quote '

I\ Wuo05C backslash T

e The CV ofCharacterEscapeSequencd NonEscapeCharactéas the CV of theNonEscapeCharacter

« The CV ofNonEscapeCharacter SourceCharactebut not EscapeCharacteor LineTerminatoris theSourceCharacter
character itself.

e The CV ofHexEscapeSequence\x HexDigit HexDigitis the Unicode character whose code is (16 times the MV of the
first HexDigif) plus the MV of the secondexDigit

« The CV ofOctalEscapeSequence\ OctalDigit is the Unicode character whose code is the MV ofXblDigit.
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The CV ofOctalEscapeSequence\ OctalDigit OctalDigitis the Unicode character whose code is (8 times the MV of the

The CV ofOctalEscapeSequence\ ZeroToThree OctalDigit OctalDigis the Unicode character whose code is (64 (that

is, 8) times the MV of theZeroToThrep plus (8 times the MV of the firsDctalDigit) plus the MV of the second

OctalDigit.

* The MV ofZeroToThree: 0 is 0.

d The \ina uchi’uTuThi’cEZ s34

* The|MV ofZeroToThree: 2 is 2.

* The|MV of ZeroToThree: 3 is 3.

» The|CV of Unicod&scapeSequence\u HexDigit HexDigit HexDigit HexDigiis the Unicode, character whose code is
(4096 (that is, 19 times the MV of the firsHexDigit) plus (256 (that is, THtimes the MV'ofthe secondekDigit) plus
(16 fimes the MV of the thirtlexDigit) plus the MV of the fourtfHexDigit

NOTE |A LineTerminator character cannot appear in a string literal, even if preceded by\a backslash \ . The corfect way to

cause alline terminator character to be part of the string value of a string literal is to gse.an escape sequence su¢h as \n or

\uOOOA

7.8 Aufomatic semicolon insertion

Certain| ECMAScript statements (empty statement, variable statemgnt; expression statamtiang  statementpreak

statement, anceturn  statement) must each be terminated with aisemicolon. Such a semicolon may always appear explicit

in the gource text. For convenience, however, such semicolons may be omitted from the source texf in certain situatic

These situations are described by saying that semicolons are-automatically inserted into the source cod¢ token stream in t

situatiofs.

7.8.1 Rples of automatic semicolon insertion

» Whgn, as the program is parsed from left to right, a token (calleaffdraling tokehis encountered that is rjot allowed by
any [production of the grammar and the parser is not currently parsing the header ostatement, then g semicolon is
autgmatically inserted before the offendingtoken if one or more of the following conditions is true:

1. The offending token is separated from the previous token by at ledsihefi@rminator
2. The offending token is.

e Whgn, as the program is parsed from left to right, the end of the input stream of tokens is encountgred and the parse
unable to parse the input token stream as a single complete ECMAB@gpam then a semicolon is jautomatically
insefted at the end of thelinput stream.

However, there is an additional overriding condition on the preceding rules: a semicolon is never inserted automagically if t

semicolon would thenbe parsed as an empty statement.

» Whagn, as the\program is parsed from left to right, a token is encountered that is allowed by some production of tl
grammayr,sbut the production igestricted productiorand the token would be the first token for a terminal or nonterminal
immediately following the annotatiorint LineTerminatorhere] within the restricted production (and therefoffe such a token
is called a restricted token) and the restricted token i eparated from the previo oken by at lla@st emanator
then there are two cases:

3. If the parser is not currently parsing the headerfof a statement, a semicolon is automatically inserted before

the restricted token.
If the parser is currently parsing the headerfof a statement, it is a syntax error.

4,

These are the only restricted productions in the grammar:

PostfixExpression

LeftHandSideExpressiofno LineTerminatotere] ++
LeftHandSideExpressiofno LineTerminatorhere] --
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ReturnStatement

return [no LineTerminatorhere] EXpI’eSSiOIth ;

The practical effect of these restricted productions is as follows:

1. When the toker+ or -- is encountered where the parser would treat it as a postfix operator, and at least one
LineTerminatoroccurred between the preceding token andrther -- token, then a semicolon is automatically
inserted before the+ or-- token.

2| When the tokerreturn is encountered and hineTerminatoris encountered before the mnext token is

encountered, a semicolon is automatically inserted after the teken

The regulting practical advice to ECMAScript programmers is:

1| A postfix++ or-- operator should appear on the same line as its operand.

2| AnExpressiorin areturn  statement should start on the same line asethen  token:t

7.8.2 Examples of Automatic Semicolon Insertion

The source
{12}3

is not a vglid sentence in the ECMAScript grammar, even with the automatic semicolon insertion rules. In cgntrast, the source

{1
23

is also nof a valid ECMAScript sentence, but is transformed by automatic semicolon insertion into the followjng:

{1
200} 3;

which is alvalid ECMAScript sentence.

The source
for (a; b
)

is not a vglid ECMAScript sentence andis not altered by automatic semicolon insertion because the place where a semicolon
needed iq within the header offa ( statement. Automatic semicolon insertion never occurs within the hdadefoof a
statement

The source
return
afpb

is transformed bysatitomatic semicolon insertion into the following:

return;
a - b;

NOTE The expression a + b is not treated as a value to be returned by the return  statement, because a LineTerminator
separates it from the token return

The source
a=b
++C
is transformed by automatic semicolon insertion into the following:

a=b;
++C;
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NOTE The token ++ is not treated as a postfix operator applying to the variable b, because a LineTerminator occurs between
b and ++.

The source

if (@a>b)
elsec=d

is not a valid ECMAScript sentence and is not altered by automatic semicolon insertion be&ise thteken, even though

no prog
empty

The solirce

is not tr
interprg

In the ¢
provide

8 Typ¢

A valud
Object,
results
8.1 Th

The Urn

uction of the grammar applies at that point, because an automatically inserted semicolon would
tatement.

a=b+c
(d + e).print()

hnsformed by automatic semicolon insertion, because the parenthesised expression that begins
ted as an argument list for a function call:
a=h+c(d+ e).print()

ircumstance that an assignment statement must begin with a left parenthesis, it is a good idea
an explicit semicolon at the end of the preceding statement rather than to rely on automatic semi

PS

is an entity that takes on one of nine types. Thereyare nine typesfited, Null, Boolean String
Reference List, and Completion). Values of typeReference List, and Completion are used only as
bf expression evaluation and cannot be stored toproperties of objects.
b Undefined type
defined type has exactly one value, calladefined. Any variable that has not been assigned a

then be parsed a

the second line ca

for the programme
tolon insertion.

, Number,
intermediate

value is of type

Undefirjed.

8.2 The Null type

The Nujl type has exactly one value,«caltedl .

8.3 The Boolean type

The Boplean type represents ‘@ logical entity having two values, talkedndfalse

8.4 The String type

The Stiing type is the set of all finite ordered sequences of zero or more Unicode characters (more properly referred to as ¢
points; see clause 6)-Each character is regarded as occupying a position within the sequence. These pdsitions ang identifie
nonnegdative integers. The leftmost character (if any) is at position 0, the next character (if any) at position 1, arfieso on. 1
length of a string is the number of distinct positions within it. The empty string has length zero and therefore contains |

charac

[S.

8.5 The'NuUmber type
The Number type has exactly 18437736874454810627 (that-i&23) values, representing the double-precision 64-bit

format IEEE 754 values as specified in the IEEE Standard for Binary Floating-Point Arithmetic, except that the
9007199254740990 (that is,22) distinct “Not-a-Number” values of the IEEE Standard are represented in ECMAScript as a
single speciaNaN value. (Note that thdlaN value is produced by the program expresdi@alN assuming that the globally
defined variableNaN has not been altered by program execution.) In some implementations, external code might be able
detect a difference between various Non-a-Number values, but such behaviour is implementation-dependent; to ECMASc
code, allNaN values are indistinguishable from each other.

There are two other special values, capeditive Infinity andnegative Infinity. For brevity, these values are also referred to
for expository purposes by the symbets and—ow, respectively. (Note that these two infinite number values are produced by
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the progral
Infinity
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m expressiorsnfinity (or simply Infinity ) and-Infinity , assuming that the globally defin

has not been altered by program execution.)

SO/IEC

ed variable

The other 18437736874454810624 (that 5;2) values are called the finite numbers. Half of these are positive numbers
and half are negative numbers; for every finite positive humber there is a corresponding negative humber having the sam
magnitude.

Note that there is both positive zeroand anegative zero For brevity, these values are also referred to for expository
purposes by the symbotd and -0, respectively. (Note that these two zero number values are produced by the program

expressions0 (or simply0) and-0 .)
The 18437736874454810622 (that i8-2"-2) finite nonzero values are of two kinds:
18428729675200069632 (that i§-2>) of them are normalised, having the form

sOm [2°
wheres is|+1 or-1, mis a positive integer less thafi But not less than®2 ande is an integerranging from107
inclusive.
The remaijning 9007199254740990 (that 1%;2) values are denormalized, having theform
sOm [2°
wheresis [+1 or-1, mis a positive integer less thali, 2nde is -1074.
Note that [all the positive and negative integers whose magnitude .is'no greate¥ tiranr@oresentable in the N

(indeed, the integer 0 has two representati®@sand-0 ).

A finite nu
above) is

In this sp
(which mi
of all finite
in the Nur

is closest|in value ta. If two values of the set are equally close, then the one with an even significand is
purpose, fhe two extra value§*2and-2""are considered to have even significands. Finally,"if ®as chosen,
with +eo; if —2'% was chosen, replace;it witho; if +0 was chosen, replace it wit0 if and only ifx is less than

other cho
behaviour

Some EC
inclusive.
See the d

mber has aondd significandif it is nonzero and the integen used to express it (in one of the two f
bdd. Otherwise, it hasaren significand

jht even be an irrational number suclameans a number value chosen in the following manner. G
values of the Number type, witfd removed and with two additional values added to it that are no

hber type, namely®? (which is +12> {P°") and-2'"* (which is—1 [(2* [2""). Choose the member of

5en value is used unchanged. The result is the number valug(fhis procedure corresponds ex
of the IEEE 754 “round to nearest” mode.)

MAScript operators‘deal only with integers in the ra@gahrough 2-1, inclusive, or in the range 0 thr

pscriptions-of the Tolnt32 and ToUint32 operators in 9.5 and 9.6, respectively.

1 to 971,

umber type

prms shown

beification, the phrase “the number valuexfowhere x represents an exact nonzero real mathematical quantity

onsider the set

[ representable
this set that
chosen; for this
replace it

zero; any

actly to the

ougf-2a,

These operatars accept any value of the Number type but first convert each such value t& omegaf alues.
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e Object type

An Object is an unordered collection of propertieach property consists of a name, a value and a set of attributes.

86.1P

roperty attributes

A property can have zero or more attributes from the following set:

Attribute Description

ReadOnly The property is a read-only property. Attempts by ECMAScript code to write to the
ignored. (Note, however, that in some cases the value of a property with the Read®nly attribite may
change over time because of actions taken by the underlying implementation; thereforg “ReadOnly” does

not mean “constant and unchanging”!)

property will be

DontEnum The property is not to be enumerated foy ain  enumeration (12.6.3)

DontDelete Attempts to delete the properiit e ignored. See the description of thedete n ‘operator in 114.1.

is specified by the language specification.

Internal Internal properties have no name and are not directly accessible yvia-the property accessor operators. Ho
these properties are accessed is implementation specific. How ,and When some of thes¢ propertigs are us

8.6.2 Internal Properties and Methods

Interna

properties and methods are not exposed in the language. Farthe purposes of this document, their names are enc

in doubje square brackets [[ ]]. When an algorithm uses an internal property of an object and the object dpes not implement

indicatgd internal property, a runtime error is generated.

There gre two types of access for exposed propegteandput, corresponding to retrieval and assignment, r

Native

object and is used for implementing inheritance. Properties of the [[Prototype]] object are exposed as p
object fpr the purposes of get access, but not for put-access.

FCMAScript objects have an internal property called [[Prototype]]. The value of this property ig]

spectively.

eitheor an
roperties of the cf

The following table summarises the internal properties used by this specification. The description indicatrIs their behaviour |

native

behaviqur, or it may be that a host object implements only some internal methods and not others.

FCMAScript objects. Host objects:inay implement these internal methods with any imple

entation-depende

Propeft Parameters " Description
pelty ~N p
[[Protatypel]] none The prototype of this object.
[[Class]] none A string value indicating the kind of this object.
[[Valug]] none Internal state information associated with this object.
[[Get]] (PropertyName) Returns the value of the property.
[[Put]] (PropertyName, Value) Sets the specified property to Value.
[[CanRut]] (PropertyName) Returns a boolean value indicating whether a [[Put]] ogeration with the
specified PropertyName will succeed.
[[HasProperty]] | (PropertyName) Returns a boolean value indicating whether the object already has almembe
with the given name.
[[Delete]] (PropertyName) Removes the specified property from the object.
[[Defaultvalue]] | (Hint) Returns a default value for the object, which should be a primitive yalue
(not an object or reference).
[[Construct]] a list of argument valugsConstructs an object. Invoked via thew operator. Objects that implement
provided by the caller | this internal method are callednstructors
[[Call]] a list of argument value$ Executes code associated with the object. Invoked via a functior} call
provided by the caller | expression. Objects that implement this internal method are ¢atietions
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Every object must implement the [[Class]] property and the [[Get]], [[Put]], [[HasProperty]], [[Delete]], and [[DefaultValue]]
methods, even host objects. (Note, however, that the [[DefaultValue]] method may, for some objects, simply generate a
runtime error.)

The value of the [[Prototype]] property must be either an objextiby and every [[Prototype]] chain must have finite length

(that is, starting from any object, recursively accessing the [[Prototype]] property must eventually leadlltovadue).
Whether or not a native object can have a host object as its [[Prototype]] depends on the implementation.

The value of the [[Class]] property is defined by this specification for every kind of built-in object. The value of thg][[Clas
property of-a-host nhjior‘f mn\J/ he nn\]/ \1:=I||n, aven a value usaod h\JI a huilt.in nhjorr faor liis [[("Incc]] prnpn ty Note that this

specificatipn does not provide any means for a program to access the value of a [[Class]] property; that valle is ulsed internal
to distingyish different kinds of built-in objects.

Every nafive object implements the [[Get]], [[Put]], [[CanPut]], [[HasProperty]], and [[Delete]] imethods [in the manner
described|in 8.6.2.1, 8.6.2.2, 8.6.2.3, 8.6.2.4, and 8.6.2.5, respectively, except that Array objects have |a slightly different
implementation of the [[Put]] method (15.4.5.1). Host objects may implement these methods(in @ny manner; for example, one
possibility|is that [[Get]] and [[Put]] for a particular host object indeed fetch and store property values buf [[HasProperty]]
always geperatdslse

In the follqwing algorithm descriptions, assuf@és a native ECMAScript object arRlis a-string.

8.6.2.1 [[Get]](P)
When the[[[Get]] method dD is called with property nant® the following steps are taken:

If O dpesn't have a property with namggo to step 4.

Get the value of the property.

Returh Result(2).

[[Prototype]] ofO is null, returnundefined.

e [[Get]] method of [[Prototype]] with property nafe
Result(5).

o wNE
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D
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Q
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Q

Note, howlever, that D is an Array object, it has a more elaborate [[Put]] method (15.4.5.1).

8.6.2.3 [[GanPut]](P)
The [[CanPut]] methad is used only by the [[Put]] method.
When the([[CanPut]] ' method @i is called with propert, the following steps are taken:

If O dopsn't have a property with nafego to step 4.

If the groperty has the ReadOnly attribute, refalse

Returrtrue.

If the [[Prototype]] ofO is null, returntrue.

If the [[Prototype]] ofO is a host object that does not implement the [[CanPut]] method, fatsen
Call the [[CanPut]] method of [[Prototype]] Ofwith property name.

Return Result(6).

Noo,rwhE

8.6.2.4 [[HasProperty]](P)
When the [[HasProperty]] method Gfis called with property nant® the following steps are taken:

If O has a property with name P, rettrure.

If the [[Prototype]] of O iswll, returnfalse

Call the [[HasProperty]] method of [[Prototype]] with property name P.
Return Result(3).

el SN S


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

O ISO/IEC

8.6.2.5

[[Delete]](P)

When the [[Delete]] method @ is called with property nant® the following steps are taken:

1. IfO

doesn’'t have a property with namgereturntrue.

2. If the property has the DontDelete attribute, refatse
3. Remove the property with narRdrom O.
4. Returntrue.

8.6.2.6

[DefaultValue]l(hint)

ISO/IEC 16262:1998 (E)

When t
Call

Call
If R¢
Call
If R{
Call
If R¢
Gen

CoNouk~wWNE

=
>
)
>
—

Call
If R¢
Call
If R{
Call
If R
Call
If R¢
Gen

CoNoOk~WNE

When t
object

8.7 Th

ne [[DefaultValue]] method @ is called with hint String, the following steps are taken:
the [[Get]] method of obje@ with argument "toString".

If Result(1) is not an object, go to step 5.

the [[Call]] method of Result(1), with as the this value and an empty argument list.
bsult(3) is a primitive value, return Result(3).

the [[Get]] method of obje@ with argument "valueOf".

bsult(5) is not an object, go to step 9.

the [[Call]] method of Result(5), with O as the this value and an empty argument list.
bsult(7) is a primitive value, return Result(7).

erate a runtime error.

the [[Get]] method of obje€ with argumentvalueOf" .

bsult(1) is not an object, go to step 5.

the [[Call]] method of Result(1), with as thethis value and:an’empty argument list.
bsult(3) is a primitive value, return Result(3).

the [[Get]] method of obje€ with argumenttoString®:

psult(5) is not an object, go to step 9.

the [[Call]] method of Result(5), with as thethiswalue and an empty argument list.
bsult(7) is a primitive value, return Result(7).

erate a runtime error.

See 15.9), in which case it behaves-as if the hint were String.

b Reference Type

The int

ne [[DefaultValue]] method @ is called with hint Number, the follewing steps are taken:

ne [[DefaultValue]] method @ is called with no hint, then it behaves as if the hint were Number, U

rnal Reference type is nat a language data typés defined by this specification purely for expositor

(Dlesa Date

y purposes. An

implemgntation of ECMAScript)must behave as if it produced and operated upon references in the manner described hi

However, a value of typRefetenceis used only as an intermediate result of expression evaluation and can|

value of a variable or preperty.

The Reference type iS used to explain the behaviour of such operatisietas , typeof
For exdmple, the left-hand operand of an assignment is expected to produce a reference. The behaviol
instead| be explained entirely in terms of a case analysis on the syntactic form of the left-hand oper

, and the assignm

not be stored as tt

ent operators.
r of assignment c

nd of an assignmn

operatdr, but for one difficulty: function calls are permitted to return references. This possibility is admitted purelgd@eth
of host pbjects. No built-in ECMAScript function defined by this specification returns a reference and therg is no provision fc

a user-defined function 1o refurn a reference. (Another reason not 10 use a syntactic case analysis IS that it would be len
and awkward, affecting many parts of the specification.)

Another use of the Reference type is to explain the determinationthighevalue for a function call.

A Referenceis a reference to a property of an object. A Reference consists of two componebtsehebjectand the
property name.

The following abstract operations are used in this specification to describe the behaviour of references:

GetBase(V). Returns the base object component of the reference V.

» GetPropertyName(V). Returns the property name component of the reference V.

GetValue(V). Returns the value of the property indicated by the reference V.
PutValue(V, W). Changes the value of the property indicated by the reference V to be W.
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8.7.1 GetBase(V)

1.
2.

If Type(V) is Reference, return the base object component of V.
Generate a runtime error.

8.7.2 GetPropertyName(V)

1.

If Type(V) is Reference, return the property name component of V.

2. Generate a runtime error.

8.7.3 Get

If Type
Call G
If Rest
Call th
Return

agrwnE

8.7.4 Put\

If Type
Call G
If Rest
Call th
Return
Call th

NogorwhE

8.8 The L
The interr]
implemen
However,
value of a

The List t
type are s

8.9 The (
The intern
An impler
described
cannot be

The Com
nonlocal t

“norm
“norm

Return.

alue(V)

(V) is not Reference, return V.

btBase(V).

[t(2) isull, generate a runtime error.

b [[Get]] method of Result(2), passing GetPropertyName(V) for the property name.

Result(4).

alue(V, W)

(V) is not Reference, generate a runtime error.

btBase(V).

It(2) is null, go to step 6.

e [[Put]] method of Result(2), passing GetPropertyName(V) for the property name and W for the va
é [[Put]] method for the global object, passing GetPropertyName(V) for the property name and W f|
ist type

al List type is not a language data tyde is defined-by this specification purely for expository p

ation of ECMAScript must behave as if it prodiiced and operated upon List values in the mann
a value of the List type is used only as an intermediate result of expression evaluation and can
variable or property.

pe is used to explain the evaluation_of;argument listewnexpressions and in function calls. Value
mply ordered sequences of values. These sequences may be of any length.

Completion Type

al Completion type is nof alanguage data tyfids defined by this specification purely for exposito
nentation of ECMAScript: must behave as if it produced and operated upon Completion valu
here. However, a ¥alue of the Completion type is used only as an intermediate result of stater

stored as the value of a variable or property.

bletion type is-used to explain the behaviour of statemergtak(, continue , andreturn ) that
ansfers of-control. Values of the Completion type have one of the following forms:

al completion”

al-completion after value”

SO/IEC

lue.

br the value.

urposes. An
er described here
not be stored as tt

s of the List

Iy purposes.
Ps in the manner
nent evaluation ar

perform

“abruptcomptetionbecausebfeak—
“abrupt completion after valué because dbreak ”
“abrupt completion because chntinue
“abrupt completion after valué because ofontinue
“abrupt completion because wdturn

V' whereV is a value

Any completion of one of the four forms that carries a valigcalled avalue completionAny completion of one of the first
two forms is called aormal completionany other completion is called abrupt completionAny completion of a form that

mentionsbreak is called ébreak completion Any completion of a form that mentiogsntinue
completion Any completion of a form that mentionsturn
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9 Type Conversion

The ECMASCcript runtime system performs automatic type conversion as needed. To clarify the semantics of certain constrt
it is useful to define a set of conversion operators. These operators are not a part of the language; they are defaidd here t
the specification of the semantics of the language. The conversion operators are polymorphic; that is, they can accept a v
of any standard type, but not of type Reference, List, or Completion (the internal types).

9.1 ToPrimitive
The operator ToPrimitive takes a Value argument and an optional PreferredType argument. The operator ToPrimitive conve

ISO/IEC 16262:1998 (E)

its vall;iz argument to a non-Object type. If an object is capable of converting to more than one primitive
hintPreferredTypeo favour that type. Conversion occurs according to the following table:

option

type, it may use t

Input Type Result rﬂ;'\
Undefined The result equals the input argument (no conversion)!

Null The result equals the input argument (no conversion):

Boolean The result equals the input argument (no conversion).

Number The result equals the input argument (ne-cenversion).

String The result equals the input argument-(no conversion).

Object Return a default value for the Objéct. The default value of an objec

calling the internal [[Defaultvalue]] method of the object, passing
hint PreferredType The behaviour of the [[DefaultValue]] method is
this specification for all native ECMAScript objects (see 8.6.2.6).
value is of type Object.orReference, a runtime error is generated.

is retrieped by
the optijonal
defined| by

If the return

9.2 ToBoolean

The opgrator ToBoolean converts its argument to.a value of type Boolean according to the following tablg:

Input Type Res@)\\v

Undefined false

Null false

Boolean The result equals the input argument (no conversion).

Number The result isfalse  if the argument is-0, =0, or NaN; otherwise the¢ result is
true .

String The result isfalse if the argument is the empty string (its length is zefo);
otherwise the result isue .

Object Tue

27
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9.3 ToNumber
The operator ToNumber converts its argument to a value of type Number according to the following table:

Input Type Result
Undefined NaN
Null +0
Number The result equals the input argument (no conversion).
String See grammar and note below.
Object Apply the following steps:
1. Call ToPrimitive(input argument, hint Number).
2. Call ToNumber(Result(1)).
3. Return Result(2).

9.3.1 ToNumber Applied to the String Type

ToNumbef applied to strings applies the following grammar to the input string. If the grammar cannot interpifet the string as a
expansior] o5tringNumericLiteralthen the result of ToNumberNaN.

StringNunpericLiteral::

StryVhiteSpagg
Str\VhiteSpacg StrNumericLiteral StrWhiteSpage

StrwWhiteSpace:
Str

hiteSpaceChar StrWhiteSpgce

StrwhiteSpaceChar.

trDecimalLiteral
trtDecimallLiteral
He Inmgprl iteral

StrDecimalLiteral::

Infinity

DecimalDigits. DecimalDigits, ExponentParf,
. DecimalDigits ExponentPajt

DecimalDigits ExponentPaft

DecimalDigits:::

DecimalDigit
DecimalDigits DecimalDigit

28
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DecimalDigit::: one of
012345672829

ExponentPart::

Exponentindicator Signedinteger

Exponentindicator:: one of
e E

ISO/IEC 16262:1998 (E)

Signed

I
4

HexIntg

@
@
I.

HexDig
d

Some d

nteger:

DecimalDigits
DecimalDigits
DecimalDigits

gerLiteral::
X HexDigit
X HexDigit
lexIntegerLiteral HexDigit
t::: one of
1 2 3 45 6 7 8 9 abc def AJB C D E F

ifferences should be noted between the syntaStohgNumericLiterabnd aNumericLiteral(7.7.3):

« AS

ringNumericLiteraimay be preceded and/or followed byswhitespace and/or line terminators.

» A StringNumericLiteral may not use octal notation.
» A StringNumericLiterathat is decimal may have any number of leadirtigits.
» A StringNumericLiterathat is decimal may be precedéd+bgr - to indicate its sign.

« AS

The co
(7.7.3),
given h
literal; s

ringNumericLiterathat is empty or contains-anly whitespace is convertedto

hversion of a string to a number valuglis similar overall to the determination of the number value
but some of the details are different,'so the process for converting a string numeric literal to a va
ere in full. This value is determined in two steps: first, a mathematical value (MV) is derived fron
econd, this mathematical valueis rounded, ideally using IEEE 754 round-to-nearest mode, to a

the number type.

e The
e The
e The

MV of StringNumericLiterat:: (an empty character sequence) is 0.
MV of StringNumeriekiterat:: StrWhiteSpacés 0.
MV of StringNumericLiteral:: StrWhiteSpagg StrNumericLiteral StrWhiteSpagés the MV of StrNun

no matter whether'\whitespace is present or not.

for a numeric liter
ue of Nausber typ
the string numeri
epresentable valu

hericLiteral

* The[MV of SttNumericLiteral:: StrDecimalLiteralis the MV ofStrDecimalLiteral
*  The|[MVWofStrNumericLiteral:: + StrDecimalLiteralis the MV ofStrDecimalLiteral
¢  ThelMMofStrNumericlLiteral:: - StrDecimalliteralis the nngnfi\/n of the M\ @trDecimalliteral (I\Infn th

t if the MV

of StrDecimalLiteralis 0, the negative of this MV is also 0. The rounding rule described below handles the conversion o
this signless mathematical zero to a floating-pshor -0 as appropriate.)

* The
e The
e The

MV of StrNumericLiteral:: HexIntegerLiteralis the MV ofHexIntegerLiteral
MV of StrDecimalLiteral::: Infinity is 10" (a value so large that it will round #eo).
MV of StrDecimalLiteral::: DecimalDigits is the MV ofDecimalDigits

» The MV of StrDecimalLiteral::;: DecimalDigits DecimalDigitsis the MV of the firstDecimalDigitsplus (the MV of the
secondDecimalDigitstimes 107), wheren is the number of characters in the secbedimalDigits.

» The MV of StrDecimalLiteral::: DecimalDigits ExponentParis the MV ofDecimalDigitstimes 10, where e is the MV
of ExponentPart
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« The MV of StrDecimalLiteral::: DecimalDigits DecimalDigits ExponentPait (the MV of the firstDecimalDigitsplus
(the MV of the secondecimalDigits times 1Q") times 10, wheren is the number of characters in the second
DecimalDigits ande is the MV ofExponentPart

« The MV of StrDecimalLiteral:::.

characters ilDecimalDigis.

« The MV of StrDecimallLiteral:::.

number of characters DecimalDigis ande is the MV ofExponentPart

e The M

e TheM
Expon

e The M
e The M

bntPart

DecimalDigit

e TheM
e TheM
e TheM
e TheM
e TheM
e TheM
e TheM
* TheM
e TheM
« The M
e TheM
* The M
e TheM
« The M
e TheM
* The M

\V of DecimalDigits :::

/ of ExponentPart::
/ of Signedinteger::
/ of Signedinteger::
/ of SignedInteger::
/ of DecimalDigit::: 0 or of HexDigit:::
/ of DecimalDigit::: 1 or of HexDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit:::
/ of DecimalDigit.::

/ of StrDecimalLiteral::: DecimalDigitsis the MV ofDecimalDigits

/ of StrDecimalLiteral::: DecimalDigitsExponentParts the MV of DecimalDigitstimes 10, whereg‘is th

/ of DecimalDigits::: DecimalDigitis the MV ofDecimalDigit

DecimalDigits DecimalDigit is (the MV of DecimalDigitstimes 10) plus th

Exponentindicator Signedintegisrthe MV ofSignedinteger
DecimalDigitsis the MV ofDecimalDigits

+ DecimalDigitsis the MV ofDecimalDigits

- DecimalDigitsis the negative of the MV.ddecimalDigits
0isO.

1lis1.

2 or of HexDigit::: 2 is 2.
3 or of HexDigit::: 3 is 3.
4 or of HexDigit::: 4lis 4.
5 or of HexDigit:::"5 is 5.
6 or of HexDigit::: 6 is 6.
7 or afHexDigit::: 7 is 7.
8-or-of HexDigit::: 8 is 8.
9 or of HexDigit::: 9 is 9.

Ais 10.

/ of HexDigit
/ of HexDigit :::

a or of HexDigit :::
b or of HexDigit :::

Bis 11.

DecimalDigitsis the MV of DecimalDigitstimes 10", wheren is the number of

DecimalDigits ExponentPaiis the MV of DecimalDigitstimes 10", wheren is the

e MV of

e MV of

e The MY oféxDigit::: ¢ or of HexDigit::: Cis 12.

L AaELl | mYPI TS | £11 Dicut e I
* The MV-efHexBigit—d-orefHexBigit==—bHs

12
e

e The MV of HexDigit::: e or of HexDigit::: Eis 14.

e The MV ofHexDigit::: f or of HexDigit::: Fis 15.
« The MV ofHexIntegerLiterat:: Ox HexDigitis the MV ofHexDigit
» The MV ofHexIntegerLiterat:: 0X HexDigitis the MV ofHexDigit

« The MV of HexIntegerLiteral::: HexIntegerLiteralHexDigit is (the MV of HexIntegerLiteraltimes 16) plus the MV of
HexDigit

Once the exact MV for a string numeric literal has been determined, it is then rounded to a value of the Number type. If the
MV is 0, then the rounded value is +0 unless the first non-whitespace character in the string numeric literal is ‘-’ ,das@hich
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the rounded value is0. Otherwise, the rounded value must be the number value for the MV (in the sense defined in 8.5
unless the literal includes a StrDecimalLiteral and the literal has more than 20 significant digits, in which case the numb
value may be either the number value for the MV of a literal produced by replacing each significant digit after the 20th with
0 digit or the number value for the MV of a literal produced by replacing each significant digit after the 20th with ar@digit
then incrementing the literal at the 20th digit position. A digit is significant if it is not part of an ExponentPart adt(ith

not O or (there is a nonzero digit to its left and there is a nonzero digit, not in the ExponentPart, to its right)).

9.4 Tolnteger

The opgrator ToIMEYer CONVETtS 115 argument 1o an imegrat Mumeric vatue. TS operator functions as foffpws:

1. CalljToNumber on the input argument.

2. If Result(1) isNaN, return+0.

3. If Result(1) ist+0, =0, +o0, or —oo, return Result(1).
4. Conmppute sign(Result(1)) * floor(abs(Result(1))).
5. Retlirn Result(4).

9.5 To|nt32: (signed 32 bit integer)

The opgrator Tolnt32 converts its argument to one’ahtzger values in the rang@™ through 2'-1, inclusive. This operator
functions as follows:

1. CalljToNumber on the input argument.

2. If Rg¢sult(1) iNaN, +0, =0, +oo, or —oo, return +0.

3. Compute sign(Result(1)) * floor(abs(Result(1))).

4. Compute Result(3) moduld®that is, a finite integer value k of Number type with positive sign and less thian 2
magnitude such the mathematical difference of Result(3) ané k’is mathematically an integer muffiple of(2

5. If Rgsult(4) is greater than or equal t4 2eturn Result(4) 2*2, @therwise return Result(4).

NOTE [Given the above definition of Tolnt32:

The Tolpt32 operation is idempotent: if applied to a result that it produced, the second application leaves that value yinchanged.

Tolnt32(ToUint32(x)) is equal to ToInt32(x) for all values of x. (It is to preserve this latter property that +ec and —c gre mapped
to +0.)

ToInt32 maps -0 to +0.

9.6 Toint32: (unsigned 32 bit integer)

The opgrator ToUint32 converts its' argument to one”dhzger values in the range 0 through-2, inclusive. This operator
functiorjs as follows:

1. CalljToNumber on thé.input argument.

2. If Result(1) idNaN,~+Q/—-0, +oo, or —oo, return +0.

3. Compute sign(Result(1)) * floor(abs(Result(1))).

4. Compute ResUlt(3) moduld®2that is, a finite integer value k of Number type with positive sign and less Yhian 2
maghitude sueh the mathematical difference of Result(3) and k is mathematically an integer muftiple of|2

5. Retyirn Result(4).

NOTE Giverrtheabove defimtiomof Totimt32

Step 5 is the only difference between ToUint32 and Tolnt32.

The ToUint32 operation is idempotent: if applied to a result that it produced, the second application leaves that value
unchanged.

ToUint32(Tolnt32(x)) is equal to ToUint32(x) for all values of x. (It is to preserve this latter property that +o and —w are mapped
to +0.)

ToUint32 maps -0 to +0.
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9.7

ToUint16: (unsigned 16 bit integer)

The operator ToUint16 converts its argument to one‘ahger values in the range 0 throudh-2, inclusive. This operator
functions as follows:

1.
2
3.
4

5.

NOTE Giyen the above definition of ToUInt16::

The substiution of 2*° for 2 in step 4 is the only difference between ToUint32 and ToUnit16.
ToUint16 r]aps -0 to +0.
thi

9.8 ToS
The operdtor ToString converts its argument to a value of type String according to. the following table:

9.8.1 ToSjring Applied to the"Number Type
The operdtor ToString €¢@nverts a numbelo string format as follows:

akrwbpe

32

Call ToNumber on the input argument.

. If Result(1) iNaN, +0,-0, +oo, or —oo, return +0.

Compute sign(Result(1)) * floor(abs(Result(1))).

. Compute Result(3) moduld®that is, a finite integer value k of Number type with positive sign and less thian 2

magnit . - 0 . afe aty-a Laistists
Return Result(4).

ing

Input Type Result $ o
Undefined "undefined"”

Null "null"

Boolean If the argument tsue, thencthe result i4rue”

If the argument igalse_then the result i¥alse"

Number See note below.
String Return the inpabargument (no conversion)
Object Apply the following steps:

1. “-Call ToPrimitive(input argument, hint String).
2. Call ToString(Result(1)).
3. Return Result(2).

If mis NaN, retutnithe string NaN" .

If mis 40 or =Oyreturn the string0" .

If mis |ess‘than zero, return the string concatenation of the Sttingnd ToStringtm).
If mis |nfibity, return the string Infinity "

Otherwise, leh, k, ands be integers such thiat 1, 16-! =s < 10, the number value fa10'Xis m, andk is as small as
possible. Note thdt is the number of digits in the decimal representatics) iiats is not divisible by 10, and that the least
significant digit ofsis not necessarily uniquely determined by these criteria.

If k =n =21, return the string consisting of thdigits of the decimal representation of s (in order, with no leading zeroes),
followed byn-k occurrences of the charactér.

If 0 < n =21, return the string consisting of the most signifinatigits of the decimal representationspfollowed by a
decimal point’, followed by the remaining—n digits of the decimal representationsof

If =6 < n = 0, return the string consisting of the chara®efdllowed by a decimal point”, followed by—n occurrences of

the character®, followed by thek digits of the decimal representationsof
Otherwise, ik = 1, return the string consisting of the single digis,dbllowed by lowercase charactef, followed by a

plus sign #+’ or minus sign -’ according to whethean-1 is positive or negative, followed by the decimal representation of
the integer abs(-1) (with no leading zeros).
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10. Return the string consisting of the most significant digit of the decimal representation of s, followed by a decimal point
followed by the remaining-KL digits of the decimal representation of s, followed by the lowercase character ‘e’, followed
by a plus sign ‘+' or minus sigr-* according to whether+1 is positive or negative, followed by the decimal representation
of the integer absi) (with no leading zeros).

NOTE

The following observations may be useful as guidelines for implementations, but are not part of the

requirements of this standard.

If H I I Ll 4l O—ilo. Tl PP e P o I Lad ). bl blo lo 1
XIS al y TIUrmiouTlh valutc UtricT uiart U, UITTT TUINNUITIVTTUTUOUITTY(A ) ) TS TAAQUUY UTT odITIT TIUTTIUTT VAlutT Ados A.

The leag

For implementations which provide more accurate conversions than required by the rules above, it is recommend

following

Otherwi
possible
number
choose

Implems

floating-point numbers:

t significant digit of s is not always uniquely determined by the requirements listed in step 5.
alternative version of step 5 be used as a guideline:

. If there are multiple possibilities for s, choose the value of s for which s[10" is closest.in value to m. Note
of digits in the decimal representation of s, that s is not divisible by 10. If there are\wo such possible
he one that is even.

ntors of ECMAScript may find useful the paper and code written by David M(Gay for binary-to-decimal cd

normative

ed that the

e, let n, k, and s be be integers such that k> 1, 10** = s < 10% the number value for s10"*is’m, and k is ps small as

hat kis the
alues of s,

nversion of

Gay, Dgvid M. Correctly Rounded Binary-Decimal and Decimal —Binary Conversions. Numerical Analysis Manusg¢ript 90-10.
AT&T Bell Laboratories (Murray Hill, New Jersey). November 30, 1990. Available as http://cm.bell-labs.com/cm/cs/doc/90/4-
10.ps.g4. Associated code available as http://cm.bell-labs.cominetlib/fp/dtoa.c.gz and as httg://cm.bell-
labs.com/netlib/fp/g_fmt.c.gz and may also be found at the various netlib mirror sites.
9.9 ToPbject
The opgrator ToObject converts its argument to a value of type Object according to the following table:

Input Type Result \O

al

Undefined Generate'a runtime error.

Null Generate a runtime error.

Boolean Create a new boolean object whose default value is the value of the boolgan. See

15.6 for a description of boolean objects.
Number Create a new number object whose default value is the value of the numher. See

15.7 for a description of number objects.

String Create a new string object whose default value is the value of the
for a description of string objects.

string. See 15.5

Object The result is the input argument (no conversion).

10 E>1ecution Contexts

When control is transferred to ECMAScript executable code, control is enteriegeantion contextActive execution
contexts logically form a stack. The top execution context on this logical stack is the running execution context.

10.1 Definitions
10.1.1 Function Objects
There are four types of function objects:

» Declared functions are defined in source text ByactionDeclaration

» Anonymous functions are created dynamically by using the buHtHirction

as an instantiatingunction

object as a constructor, which is referred to
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Implementation-supplied functions are created at the request of the host with source text supplied by the host. The
mechanism for their creation is implementation-dependent. Implementation-supplied functions may have any subset of the

following attributes {ImplicitThis, ImplicitParents }. Note that these are attributes of function objects, not of propbkdies. T
use of these attributes is described in 10.2.4

Internal functions are built-in objects of the language, sughaeseint

and Math.exp . An implementation

may also

provide implementation-dependent internal functions that are not described in this specification. These functions do not
contain executable code defined by the ECMAScript grammar, so are excluded from this discussion of execution contexts.

10.1.2 Ty;l)es of Executable Code
There are

Global
ECMA
definiti

Eval ¢
functio
global

Functiq
ECMA

Anony
an ing
Functiq
last on
Formal

five types of executable ECMAScript source text:

codeis source text that is outside all function declarations. More precisely, the-global codg
Script Program consists of allSourceElementsn the Program production, which comé from thé&
hN.

pdeis the source text supplied to the builtemal function. More precisely, if the/parameter to the b

code portion of the string parameter.

n codeis source text that is inside a function declaration. More precisely, the function code
ScriptFunctionDeclarationconsists of th8lockin the definition ofzunctionDeclaration

mous codis the source text supplied when instantiatfugction® . More precisely, the last parameter|
tantiation ofFunction is converted to a string and treated as @tatementListof the Blo
nDeclaration If more than one parameter is providédsin an instantiatidgfrunttion , all parameters
E are converted to strings and concatenated together, separated by commas. The resulting string
ParameterLisbf aFunctionDeclaratiorfor the StatementListiefined by the last parameter.

Implementation-suppliedodeis the source text supplied by the host when creating an implementation-su

The so
host m

10.1.3 Va

Every ex¢g
of the var
object. Fu
implemen

Which obj
remainder

For e
Functid
whose

urce text is treated as StatementLisof theBlock of aFunctionDeclaration Depending on the implemg
hy also supplyormalParameterList

iable instantiation

cution context has associated with it a variable object. Variables declared in the source text are
able object. For global~and eval code, functions defined in the source text are added as prope
nction declarationsCin~other types of code are not allowed by the grammar. For function,
ation-supplied code, parameters are added as properties of the variable object.

ect is used as thé variable object and what attributes are used for the properties depends on the
of the behaviour is generic:

hch FunctionDeclaration in  the code, in source text order,
nDeclarationand create a property of the variable object whose name is the IdentifierFuanitionDe

N is a string, it is treated as an ECMAScHpbgram The eval code for a(particular invocationesfal

of a particular
tatement

uileval
is the

of a particular

provided in

ck of a

except the

is interpreted as |

pplied function.
ntation, the

addedsas properti
ties of the variabl
anonymous, and

type dfecode, but t

instantiate a declared function from the

Claration

value is the declared function and whose attributes are determined by the type of code. If the var

able object alread

has a

roperty wWith tnis name, replace Its vaiue anda atriputes.

For each formal parameter, as defined inRhemalParameterListcreate a property of the variable object whose name is

the Identifier and whose attributes are determined by the type of code. The values of the parameters are supplied by the
caller. If the caller supplies fewer parameter values than there are formal parameters, the extra formal parameters have vall
undefined . If two or more formal parameters share the same name, hence the same property, the corresponding propert
is given the value that was supplied for the last parameter with this name. If the value of this last parameter wasdot supplie
by the caller, the value of the corresponding properidefined

* For eachVariableDeclarationin the code, create a property of the variable object whose name Idettidier in

VariableDeclaration whose value isindefined  and whose attributes are determined by the type of code. If there is
already a property of the variable object with the name of a declared variable, the value of the property and its atributes ar
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not changed. Semantically, this step must follow the creation of-timetionDeclarationand FormalParameterList

properties. In particular, if a declared variable has the same name as a declared function or formal p
declaration does not disturb the existing property.

10.1.4 Scope Chain and Identifier Resolution

arameter, the vari:

Every execution context has associated withst@pe chainThis is logically a list of objects that are searched wiirding

an ldentifier. When control enters an execution context, the scope chain is created and is populated

with an initial set

objects, depending on the type of code. When control leaves the execution context, the scope chain is destroyed.

During pxecution, the scope chain of the execution context is affected oWjtiigtatementWhen executionye
block, the object specified in thwith statement is added to the front of the scope chain. When execut
block, whether normally or via lareak or continue statement, the object is removed from the.scope ¢

being removed will always be the first object in the scope chain.

During pxecution, the syntactic productiBnmaryExpression Identifier is evaluated using the fallowing algori

ntersvath
on leaiths a
hain. The object

thm:

1. Get|the next object in the scope chain. If there isn't one, go to step 5.

2. Call|the [[HasProperty]] method of Result(l), passingldeatifier as the property.

3. If Result(2) idgrue |, return a value of type Reference whose base object is Result(l) and whose property name is the
Identtifier.

4. Go o step 1.

5. Retdirn a value of type Reference whose base objegli is and whose property name is tdentifier.

The redult of binding an identifier is always a value of type Referenée with its member name component gqual to the identif

string.

10.1.5 Global Object

There i$ a uniquglobal object which is created before control’enters any execution context. Initially the glgbal object has the

following properties:

* Built-in objects such as Math, String, Date, parselnt, etc. These have attributes { DontEnum }.

» Addjtional host defined properties. This may include a property whose value is the global object|itself, for exampl
window in HTML.

As confrol enters execution contexts;.and as ECMAScript code is executed, additional properties may he added to the gl

object gnd the initial properties may be changed.

10.1.6 Activation object

When gontrol enters an exetution context for declared function code, anonymous code or implementatjon-supplied code,

object galled the activation/object is created and associated with the execution context. The activation ohject isvifitialised

a propgrty with namarguments and property attributes { DontDelete }. The initial value of this property js the arguments

object described below.

The acfivation-object is then used as the variable object for the purposes of variable instantiation.

When a value is to be returned from the call to a function, its activation object is no longer needed and

may be permanel

decominissioned

The activation object is purely a specification mechanism. It is impossible for an ECMAScript program to access the activati
object. It can access members of the activation object, but not the activation object itself. When the call operatiahtts applie

a Reference value whose base object is an activation afjdict, is used as thihis value of the call.

10.1.7 This
There is &his

value associated with every active execution context.tlise value depends on the caller and the type of

code being executed and is determined when control enters the execution contetkiis Thealue associated with an

execution context is immutable.
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10.1.8 Arguments Object

When control enters an execution context for declared function code, anonymous code, or implementation-supplied code, al
arguments object is created and initialised as follows:

« The value of the internal [[Prototype]] property of the arguments object is the original Object prototype object, the one that
is the initial value ofObject.prototype (15.2.3.1).

e A property is created with nanwallee and property attributes { DontEnum }. The initial value of this property is the
functiop-ebj i i P i CHESHYE

rty is created with naniength and property attributes { DontEnum }. The initial value of this’ptoperty is the
of actual parameter values supplied by the caller.

* A prop
numbe

e For edch non-negative integaarg, less than the value of tHength property, a propertyis created|with name
ToStringfarg) and property attributes { DontEnum }. The initial value of this property is 'the value of thg corresponding
actual parameter supplied by the caller. The first actual parameter value correspargls(ey the second tiarg = 1 and
so on.|In the case whearg is less than the number of formal parameters for the funCtion object, this property shares its
value Wwith the corresponding property of the activation object. This means that changing this progerty changes the
corresponding property of the activation object and vice versa. The value sharing mechanism| depends on the
implenjentation.

10.2 Entgring An Execution Context

When cortrol enters an execution context, the scope chain is created and initialised, variable instantiation i perftimsmed, and
this valle is determined.

The initialjsation of the scope chain, variable instantiation, and<4he determinationtbfsthevalue depend on the type of
code beinp entered.

10.2.1 Glgbal Code
¢ The scppe chain is created and initialised to contain the global object and no others.

* Variable instantiation is performed using the.global object as the variable object and using empty property attributes.
e Thethis value is the global object.

10.2.2 Eval Code

When control enters an execution®context for eval code, the previous active execution context, referred ¢allag the
context is|used to determine the scope chain, the variable object, atldishevalue. If there is no calling context, then
initialising|the scope chains.Yariable instantiation, and determination dfithe value are performed just as for glpbal code.

e The sdope chain isinitialised to contain the same objects, in the same order, as the calling context's scope chain. Thi
includgs objects/added to the calling context's scope chaivithptatement.

« Variable instantiation is performed using the calling context's variable object and using empty property atfributes.

¢ Thethis—valueisthe same as tthes—value of thecattimg context:

10.2.3 Function and Anonymous Code
¢ The scope chain is initialised to contain the activation object followed by the global object.

¢ Variable instantiation is performed using the activation object as the variable object and using property attributes {
DontDelete }.

« The caller provides ththis value. If thethis value provided by the caller is not an object (including the case where it is
null ), then thethis value is the global object.
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10.2.4 Implementation-supplied Code

» The scope chain is initialised to contain the activation object as its first element.

* Thethis value is determined just as for function and anonymous code.

ISO/IEC 16262:1998 (E)

» If the implementation-supplied function has the ImplicitThis attribute (10.1.1}hike value is placed in the scope chain
after the activation object.

» If the¢ implementation-supplied function has the ImplicitParents attribute (10.1.1), a list of objects, dete
this| value, is inserted in the scope chain after the activation object (if the implementation-sugplie
havg the ImplicitThis attribute) or after the activation objectthisd object (if the implementation-supplie
the ImplicitThis attribute). Note that this list is determined at run time byhike value. It is not_determine

of |

eiical scoping.

* Thelglobal object is placed in the scope chain after all other objects.

» Varipble instantiation is performed using the activation object as the variable objeet’and using attribute

11 EXpressions
11.1 Pfimary Expressions

Syntax

PrimaryExpression

this
Identifier
Literal

(| Expression

11.1.1 Thethis  keyword

Theth

i keyword evaluates to thhis value“of the execution context.

11.1.2 Identifier reference
An Idextifier is evaluated using the/scoping rules stated in 10.1.4. The result IdEm@tifier is always a V|

Refere

ce.

11.1.3 literal reference
A Literdl is evaluated as~described in 7.7.

11.1.4 The Grouping.Operator
The prqductiorPrimaryExpression ( Expressior) is evaluated as follows:

1. Ev

2. Ret

ro-Result(1).

rmined solely by tk
d function does nq
d function has
l by any form

5 { DontDelete }.

alue of type

a{luate EXpression. This may be of type Reference.

NOTE This algorithm does not apply GetValue to Result(1). The principal motivation for this is so that operators such as

delete

and typeof may be applied to parenthesised expressions.
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11.2 Left-Hand-Side Expressions
Syntax
MemberExpression

PrimaryExpression
MemberExpressioh Expressior]
MemberExpression Identifier
new-MemberExpressiofMrguments

O ISO/IEC

NewEXxprgssion

MemberExpression
new NewExpression

CallExprepsion

MemberExpressionArguments
Cal|Expression Arguments
CallExpressiorf Expressior
Cal|Expression Identifier

Argument

()
( ArgumentList)

UT

Argumentl.ist

AsgignmentExpression
ArgumentList AssignmentExpression

LeftHand$ideExpressian
NewExpression
Cal|Expression

11.2.1 Prgperty Accessors
Propertieq are accessed by name;using either the dot notation:

MemberExpression Idéntifier
Cal|lExpression Identifier

or the bragket notatior;

MemberExpressiofi Expressiorf
CallExpressiorf Expressiorf

The dot notafion 1S explamned by the Tollowing Syntactic CONversion:
MemberExpression ldentifier
is identical in its behaviour to
MemberExpressiofi <identifier-string> |
and similarly
CallExpression Identifier
is identical in its behaviour to
CallExpressiorf <identifier-string> ]

where <identifier-string> is a string literal containing the same sequence of characterslastifier.
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The production MemberExpressioiMemberExpressioh Expressior] is evaluated as follows:

Evaluate MemberExpression.

Call GetValue(Result(1)).

Evaluate Expression.

Call GetValue(Result(3)).

Call ToObject(Result(2)).

Call ToString(Result(4)).

Return a value of type Reference whose base object is Result(5) and whose property name is Result(6).

NoohkrwhE

The praLductionCaIIExpression: CallExpression Expression] is evaluated in exactly the same manner| except that the
containpdCallExpressioris evaluated in step 1.

11.2.2 Thenew operator
The prqductioNewExpression new NewExpressiors evaluated as follows:

Evaluate NewExpression.

Call|GetVvalue(Result(1)).

If Type(Result(2)) is not Object, generate a runtime error.

If Result(2) does not implement the internal [[Construct]] method, generate a-runtime error.
Call[the [[Construct]] method on Result(2), providing no arguments (that is, an empty list of arguments).
If TYype(Result(5)) is not Object, generate a runtime error.
Retlirn Result(5).

NookrwbhE

—
=y
D

=]
=
Q

ductiorMemberExpressionnew MemberExpression Argumerissevaluated as follows:

Evaluate MemberExpression.

Call|GetValue(Result(1)).

Evaluate Arguments, producing an internal list of argument values (11.2.4).

If Type(Result(2)) is not Object, generate a runtimeerror.

If Result(2) does not implement the internal [[Construct]] method, generate a runtime error.
Call|the [[Construct]] method on Result(2), providing the list Result(3) as the argument values.
If Type(Result(6)) is not Object, generate a.runtime error.

Retlirn Result(6).

ONoGALNE

11.2.3 FFunction Calls
The prgduction CallExpressiorMenmberExpression Arguments is evaluated as follows:

Evaluate MemberExpression.

Evaluate Arguments, producing an internal list of argument values (11.2.4).
Call|GetValue(Result()).

If Type(Result(3)) isnot Object, generate a runtime error.

If Result(3) doesqotimplement the internal [[Call]] method, generate a runtime error.

If Type(Resuli(l))is Reference, Result(6) is GetBase(Result(1)). Otherwise, Resuli(6) is

If Result(6)_is;an activation object, Result(7jusl . Otherwise, Result(7) is the same as Result(6).
Calljthe [[€all]] method on Result(3), providing Result(7) adltiee value and providing the list Result(2) as the
argyment.values.
9. Retlwrn-Result(8)

ONo~WNE

The productionCallExpression: CallExpression Argumentsis evaluated in exactly the same manner, except that the
containedCallExpressioris evaluated in step 1.

NOTE Result(8) will never be of type Reference if Result(3) is a native ECMAScript object. Whether calling a host object can
return a value of type Reference is implementation-dependent.

11.2.4 Argument Lists
The evaluation of an argument list produces an internal list of values (clause 8).

The productiorArguments () is evaluated as follows:

1. Return an empty internal list of values.

39


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

ISO/IEC 16262:1998 (E)

The productiorArguments ( ArgumentLis) is evaluated as follows:

1. Evaluate ArgumentList.

2. Return

Result(1).

The productiorArgumentList AssignmentExpressioris evaluated as follows:

1. Evaluate AssignmentExpression.
2. Call Getvalue(Result(1)).

3. Retur

an-nternatlistwhose-sole-item-is-Result(2)

O ISO/IEC

The prodyctiomArgumentList ArgumentList AssignmentExpressiois evaluated as follows:

PwpE

Return

Evalugte ArgumentList.
Evalugte AssignmentExpression.
Call GetValue(Result(2)).

an internal list whose length is one greater than the length of Result(1) and whose items are the it

order, followed at the end by Result(3), which is the last item of the new list.

11.3 Postfix expressions

Syntax

PostfixExpression

Lef
Lef
Lef

HandSideExpression
HandSideExpressiofo LineTerminatotere] ++
HandSideExpressiommo LineTerminatorhere]--

11.3.1 Postfix increment operator

The prodd

Evaluz

Call Tq

ogpwNhE

Return

ctioMemberExpressionMemberExpressiofi+ ;isZevaluated as follows:

te MemberExpression.

Call Getvalue(Result(1)).

Number(Result(2)).

Add the valud to Result(3), using the samerules as fortloperator.
Call PytValue(Result(1), Result(4)).

Result(3).

11.3.2 Postfix decrement operator

The prodd

Evalug

Call Tq

ouAMLNE

Return

ctiorMemberExpressionMemberExpression  is evaluated as follows:

te MemberExpression.

Call GetValue(Result(L)).

Number(Result(2)).

Subtragct the valug'from Result(3), using the same rules as for-tbperator.
Call Pyitvalue(Result(1), Result(4)).

Result(3).

ems aohResult(1),
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11.4 Unary operators
Syntax
UnaryExpression

PostfixExpression

delete  UnaryExpression
void UnaryExpression
typeet—UnanyExpression
4+ UnaryExpression
UnaryExpression

4 UnaryExpression
UnaryExpression
UnaryExpression
UnaryExpression

)]

11.4.1 Thedelete operator
The prqductiorUnaryExpression delete  UnaryExpressiorlis evaluated as followis:

1. Evaluate UnaryExpression.

2. Call|GetBase(Result(1)).

3. Call|GetPropertyName(Result(1)).

4. If Type(Result(2)) is not Object, retunue .

5. If Result(2) does not implement the internal [[Delete]] method, 'go to step 8.

6. Calllthe [[Delete]] method on Result(2), providing Result(3).as the property name to delete.

7. Retwirn Result(6).

8. Calllthe [[HasProperty]] method on Result(2), providing Result(3) as the property name to check for.
9. If Result(8) idrue, returnfalse.

10. Returrtrue.

11.4.2 Thevoid operator
The prqductiorUnaryExpression void UnaryExpressiotis evaluated as follows:

1. Evaluate UnaryExpression.
2. Call|GetValue(Result(1)).
3. Retlirnundefined .

11.4.3 Thetypeof operator
The prqductiornaryExpression typeof UnaryExpressiolis evaluated as follows:

1. Evaluate UnaryExpression.

2. If Type(Result(1)) is Reference and GetBase(Result(h))lis return"undefined"

3. CalllGetValue(Result(1)).

4, RetTrn a string determined by Type(Result(3)) according to the following table:

Type Result

Undefined "undefined"”

Null "object”

Boolean "boolean”

Number "number"

String "string"

Object (native and doesn’t implement [[Call]]) | "object”

Object (native and implements [[Call]]) “function”

Object (host) Implementation-dependent
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11.4.4 Prefix increment operator

The produ

ogpwNhE

Retur

ctiorUnaryExpression ++ UnaryExpressioris evaluated as follows:

Evaluate UnaryExpression.

Call GetValue(Result(1)).

Call ToNumber(Result(2)).

Add the valud to Result(3), using the same rules as fortloperator (11.6.3).
Call PutValue(Result(1), Result(4)).

Resl |Ir(4)

11.4.5 Prg
The prodd

Evalug
Call G
Call Tq
Subtral

ok wnE

Return

11.4.6 Un
The unary
The prodd

1. Evalug
2. CallG
3. Call Tq
4. Return

11.4.7 Un

The unary
-0 produc]

The prodd

Evalug
CallG
Call Tq
If Res\

oghwhE

Return

11.4.8 Th
The prodd

Evalug

fix decrement operator
ctiorUnaryExpression --  UnaryExpressioris evaluated as follows:

te UnaryExpression.

btValue(Result(1)).

Number(Result(2)).

ct the valuk from Result(3), using the same rules as for-tbperator (11.6.3).

Call PyitvValue(Result(1), Result(4)).

Result(4).

Bry+ operator
+ operator converts its operand to Number type.

ctiornaryExpression + UnaryExpressioris evaluated as follows:

te UnaryExpression.
btValue(Result(1)).
Number(Result(2)).
Result(3).

Ary- operator

- operator converts its operand to Number type and then negates it. Note that-r@padichgces-0, and
esH0.

ctiornaryExpression - UnaryExpressioris evaluated as follows:

te UnaryExpression.
btValue(Result(1)).
Number(Result(2)).
[t(3) ifNaN, returnNaN’

Negate Result(3); thatis;;ecompute a number with the same magnitude but opposite sign.

Result(5).

b bitwise NOT operator ¢ )
ctiolJparyExpression ~ UnaryExpressioris evaluated as follows:

te-UnaryExpression.

arwdpE

Return

42

Call GetValue(Result(1)).
Call Tolnt32(Result(2)).
Apply bitwise complement to Result(3). The result is a signed 32-bit integer.

Result(4).

negating
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11.4.9 Logical NOT operator (! )
The productiorUnaryExpression ! UnaryExpressiortis evaluated as follows:

Evaluate UnaryExpression.
Call GetVvalue(Result(1)).

Call ToBoolean(Result(2)).

If Result(3) idrue, returnfalse.
Returrtrue .

aprwOdE

115 Mlllltiplicative operators
Syntax
Multipli¢ativeExpression

WnaryExpression

NultiplicativeExpressiorf UnaryExpression
NultiplicativeExpressiort UnaryExpression
NultiplicativeExpressiofoUnaryExpression

Semantics

The productionMultiplicativeExpression MultiplicativeExpression @ UnaryExpressjowhere @ stands f¢r one of the
operatgrs in the above definitions, is evaluated as follows:

Evaluate MultiplicativeExpression.
Call|GetValue(Result(1)).
Evaluate UnaryExpression.
Call|GetValue(Result(3)).
CallfToNumber(Result(2)).
Call[ToNumber(Result(4)).

Apply the specified operation (*, /, or %) to Result(5) and Result(6). See the notes below (11.5.1, 11.5{2, 11.5.3).
Retlirn Result(7).

ONoRrWNE

11.5.1 Applying the* operator

The* operator performs multiplicationy producing the product of its operands. Multiplication is commutative. Multiplication
is not ajways associative in ECMASectript, because of finite precision.

The redult of a floating-point multiplication is governed by the rules of IEEE 754 double-precision arithmefjc:

« If either operand idlaN, theyresult isNaN.
« Thelsign of the resultis positive if both operands have the same sign, negative if the operands have different signs.
e Mulgplicationfan infinity by a zero results MaN.

* Mulgplication of an infinity by an infinity results in an infinity. The sign is determined by the rule already [stated above.

« Multiplication of an infinity by a finite non-zero value results in a signed infinity. The sign 1s determined by the ralg alrea
stated above.

* In the remaining cases, where neither an infinitNaN is involved, the product is computed and rounded to the nearest
representable value using IEEE 754 round-to-nearest mode. If the magnitude is too large to represent, the result is ther
infinity of appropriate sign. If the magnitude is too small to represent, the result is then a zero of appropriate sign. Ti
ECMAScript language requires support of gradual underflow as defined by IEEE 754.

11.5.2 Applying the/ operator

The/ operator performs division, producing the quotient of its operands. The left operand is the dividend and the rigl
operand is the divisor. ECMAScript does not perform integer division. The operands and result of all division operations a
double-precision floating-point numbers. The result of division is determined by the specification of IEEE 754 arithmetic:

43


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

ISO/IEC 1

6262:1998 (E)

If either operand idlaN, the result idNaN.

Division of an infinity by an infinity results iNaN.

O ISO/IEC

The sign of the result is positive if both operands have the same sign, negative if the operands have different signs.

Division of an infinity by a zero results in an infinity. The sign is determined by the rule already stated above.

Divisio
stated

Divisio
Divisio
determ

Divisio
above.

In the

the ne
operat
operat
underf

11.5.3 Ap
The binar

and the right operand is the divisor. In C and C++, the remainder operator accepts only integral operands,

it also acc

The result
defined by
division,

language
operator;

[e

The result

If eithe

The sig
If the d
If the d
If the d

L . L e L L e L Lé . - L L s L - - L . - L_L
Ul dil IIIIIIIILy Uy d TTUTI=ZCTU T vaiuc 1S3UIlS 1T a Dlullcu IIIIIIIIl_y. TIIC Dlyll IS UCLCTITHrmeu U_y
pbove.

h of a finite value by an infinity results in zero. The sign is determined by the rule already, stated ab

N of a zero by a zero results MaN; division of zero by any other finite value results in zero,
ined by the rule already stated above.

n of a non-zero finite value by a zero results in a signed infinity. The sign isdetermined by the r

emaining cases, where neither an infinity, nor a zerd\aNris involvedjithe quotient is computed an
hrest representable value using IEEE 754 round-to-nearest mode If the magnitude is too larg
on overflows; the result is then an infinity of appropriate sign~If the magnitude is too small

ow as defined by IEEE 754.

plying the%operator
Yooperator is said to yield the remainder of its operands from an implied division; the left operan|

epts floating-point operands.
of a floating-point remainder operationas‘computed Bdiperator is not the same as the “remaind
nd so its behaviour is not analogous to that of the usual integer remainder operator. Instea

define® on floating-point operations to behave in a manner analogous to that of the Java i
his may be compared with the-C library function fmod.

of a ECMAScript floating=point remainder operation is determined by the rules of IEEE arithmetic
operand i®daN, the‘result idNaN.

n of the result equals the sign of the dividend.

vidend is afinfinity, or the divisor is a zero, or both, the restlals.

videndsis:finite and the divisor is an infinity, the result equals the dividend.

vidend is a zero and the divisor is finite, the result is the same as the dividend.

the rule already

ove.

with the sign

ile already stated

l rounded to
e to represent, tf
to represent, the

on underflows and the result is a zero of the appropriate sign.,/ The ECMAScript language reqaregfayradual

d is the dividend
but in ECMASCcript,

er” operation

IEEE 754. The IEEE 754 “remainder*operation computes the remainder from a rounding division, not a truncating

| the ECMASCcript
hteger remainder

In the

remaining cases, WNHEre neither an |nI|n|ty, nor a ZeroNanris involved, the Iloa[mg-pomt remaind

er r from a

dividend n and a divisor d is defined by the mathematical relation+ ¢&rf g) where g is an integer that is negative only
if n/d is negative and positive only if n/d is positive, and whose magnitude is as large as possible without exceeding the

magnit
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11.6 Additive operators
Syntax
AdditiveExpression

MultiplicativeExpression
AdditiveExpressior MultiplicativeExpression
AdditiveExpression MultiplicativeExpression

11.6.1 The addition operator ()
The adglition operator either performs string concatenation or numeric addition.
The prqductiorAdditiveExpression AdditiveExpressior MultiplicativeExpressiolis evaluated as.-follows:

Evaluate AdditiveExpression.
Call|GetValue(Result(1)).
Evaluate MultiplicativeExpression.
Call|GetValue(Result(3)).

Call| ToPrimitive(Result(2)).

Call| ToPrimitive(Result(4)).

If Type(Result(5)) is String or Type(Result(6)) is String, go to step 12. (Nate that this step differs from step 3 in the
algorithm for comparison for the relational operators in using or instead of and.)
8. CalllToNumber(Result(5)).

9. CalllToNumber(Result(6)).

10. Apply the addition operation to Result(8) and Result(9). See 11.6.3.

11. Retyirn Result(10).

12. Call| ToString(Result(5)).

13. Call| ToString(Result(6)).

14. Corcatenate Result(12) followed by Result(13).

15. Retyirn Result(14).

NogokrwbdE

NOTE |No hint is provided in the calls to ToPrimitive in steps 5 and 6. All native ECMAScript objects except Date objects
handle the absence of a hint as if the hint Numberwere given; Date objects handle the absence of a hint as if thg hint String
were given. Host objects may handle the absence of a hint in some other manner.

11.6.2 The subtraction operator ¢ _)
The prgduction AdditiveExpressiorAdditiveExpression MultiplicativeExpression is evaluated as follows:

Evaluate AdditiveExpression.

Call|GetValue(Result(t)):

Evaluate MultiplicativeExpression.

Call|GetValue(Result(3)).

Callf ToNumber(Result(2)).

Call ToNumber(Result(4)).

Apply the‘'subtraction operation to Result(5) and Result(6). See 11.6.3.
Retlljrn Result(7).

ONouk~WNE

11.6.3 Applying the additive operators€, -)to numbers

The + operator performs addition when applied to two operands of numeric type, producing the sum of the operands. The
operator performs subtraction, producing the difference of two numeric operands.

Addition is a commutative operation, but not always associative.

The result of an addition is determined using the rules of IEEE 754 double-precision arithmetic:
» If either operand idaN, the result idNaN.

» The sum of two infinities of opposite signNgN.

* The sum of two infinities of the same sign is the infinity of that sign.
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The- op

The sum of an infinity and a finite value is equal to the infinite operand.

The sum of two negative zeros+8. The sum of two positive zeros, or of two zeros of opposite sigf), is
The sum of a zero and a nonzero finite value is equal to the nonzero operand.

The sum of two nonzero finite values of the same magnitude and oppositeidign is

In the remaining cases, where neither an infinity, nor a zerd\abris involved, and the operands have the same sign or

have different magnitudes, the sum is computed and rounded to the nearest representable value using IEEE 754 round-t
nearesg—oede: he—maghittde—is—too—arge—te—represent—the—operaton—overows—aneg—the—restit—s—then an infinity of
approgriate sign. The ECMAScript language requires support of gradual underflow as defined by IEEE-7%4.

ator performs subtraction when applied to two operands of numeric type, producing the differenge of its operands;

the left operand is the minuend and the right operand is the subtrahend. Given numeric apardbgdsg is always the case

thata- b p

11.7 Bitwlise shift operators

Syntax
ShiftExprgssion

Semantics

oduces the same resultag- b) .

AdditiveExpression

ShiftExpressior< AdditiveExpression
ShiftExpressior> AdditiveExpression
ShiftExpressioxr>> AdditiveExpression

The resul{ of evaluatin§hiftExpressiors always truncated to, 32 bits. If the result of evaluaBhgtExpressiomprpduces a
fractional fomponent, the fractional component is discarded. The result of evaluatagliveExpresiorthat is the right-

hand opernand of a shift operator is always truncated to-five bits.

11.7.1 Th¢ left shift operator (<<)
Performs h bitwise left shift operation on thegdeft'operand by the amount specified by the right operand.

The prodyctiorshiftExpression ShiftExpressior< AdditiveExpressiors evaluated as follows:

11.7.2 Th¢ signed right shift operator &> )

©CoNOGO~WNE

Evaludte ShiftExpression.

Call Getvalue(Result(1)).

Evaludte AdditiveExpression(

Call Getvalue(Result(3)).

Call TgInt32(Result(2)).

Call TQUint32(Result(4)).

Mask @ut all but the least significant 5 bits of Result(6), that is, compute Result(6) & Ox1F.
Left shift Result(5) by Result(7) bits. The result is a signed 32 bit integer.

Return Result(8).

Performs a sign-filling bitwise right shift operation on the left operand by the amount specified by the right operand.

The productiorShiftExpression ShiftExpressior> AdditiveExpressiors evaluated as follows:

ONorwWNE

©

i
»

Evaluate ShiftExpression.

Call GetValue(Result(1)).

Evaluate AdditiveExpression.

Call GetValue(Result(3)).

Call Tolnt32(Result(2)).

Call ToUint32(Result(4)).

Mask out all but the least significant 5 bits of Result(6), that is, compute Result(6) & Ox1F.

Perform sign-extending right shift of Result(5) by Result(7) bits. The most significant bit is propagated. The result is a
signed 32 bit integer.

Return Result(8).
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11.7.3 The unsigned right shift operator &>> )

Performs a zero-filling bitwise right shift operation on the left operand by the amount specified by the right operand.

The productiorShiftExpression ShiftExpressior>> AdditiveExpressiors evaluated as follows:

Evaluate ShiftExpression.
Call GetVvalue(Result(1)).
Evaluate AdditiveExpression.
Call GetValue(Result(3)).

Call eSutt(2))-
Call| ToUint32(Result(4)).
Magk out all but the least significant 5 bits of Result(6), that is, compute Result(6) & Ox1F.

ONoRrWNE

9. Retlirn Result(8).

11.8 R¢glational operators
Syntax
RelatiopalExpression

ShiftExpression

RelationalExpression ShiftExpression
RelationalExpressior ShiftExpression
RelationalExpressiorn= ShiftExpression
RelationalExpressior= ShiftExpression

Semantics

The result of evaluatingRelationalExpressions always of type Boolean, reflecting whether the relationsh

operatdr holds between its two operands.

11.8.1 The less-than operator <€)
The prgductiorRelationalExpressionRelationalExpressior ShiftExpressiois evaluated as follows:

Evaluate RelationalExpression.

Call|GetValue(Result(1)).

Evaluate ShiftExpression.

Call|GetValue(Result(3)).

Perform the comparisonResult(2) < Result(4). (See 11.8.5)

If Result(5) isundefined \;returnfalse . Otherwise, return Result(5).

oukrwdE

11.8.2 The greater-than*operator ¢ )
The prqductiorRelationalExpressionRelationalExpressior ShiftExpressiolis evaluated as follows:

Evaluate RelationalExpression.
Call|GetValue(Result(1)).
Evaludte ShiftExpression.

Call GetValue(Result(3)).
Perform the comparison Result(4) < Result(2). (See 11.8.5)
If Result(5) isundefined , returnfalse . Otherwise, return Result(5).

oukrwhE

11.8.3 The less-than-or-equal operator<=)
The productiorRelationalExpressionRelationalExpressior= ShiftExpressiolis evaluated as follows:

Evaluate RelationalExpression.

Call GetValue(Result(1)).

Evaluate ShiftExpression.

Call GetValue(Result(3)).

Perform the comparison Result(4) < Result(2). (See 11.8.5)

If Result(5) igrue orundefined |, returnfalse . Otherwise, returtrue .

oukrwnhE

is anduBdigne

p named by the
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11.8.4 The greater-than-or-equal operator &=)
The productiorRelationalExpressionRelationalExpressior= ShiftExpressiolis evaluated as follows:

Evaluate RelationalExpression.

Call GetValue(Result(1)).

Evaluate ShiftExpression.

Call GetValue(Result(3)).

Perform the comparison Result(2) < Result(4). (See 11.8.5)

If Resnlt('%) idrue _arundefined _returnfalse Qtherwise _returtriie

ouhwhpE

11.8.5 Th¢ abstract relational comparison algorithm

The complarisox <y, wherex andy are values, producésie, false or undefined (which indicates that-at least ane operand
is NaN). Such a comparison is performed as follows:

1. Call TgPrimitivek, hint Number).

2. Call TgPrimitivey, hint Number).

3. If Typg(Result(1)) is String and Type(Result(2)) is String, go to step 16. (Note that this'step differs from sfep 7 in the

algorithm for the addition operaterin usingandinstead obr.)

Call TgNumber(Result(1)).

Call TgNumber(Result(2)).

If Result(4) isNaN, returnundefined

If Result(5) isNaN, returnundefined

If Resylt(4) and Result(5) are the same number value, fatsen .

If Result(4) is+0 and Result(5) is0, returnfalse

10. If ResUilt(4) is-0 and Result(5) is0, returnfalse

11. If Reslilt(4) istoo, returnfalse

12. If Reslilt(5) istoo, returntrue .

13. If Reslilt(5) is-o, returnfalse

14. If Reslilt(4) is-oo, returntrue .

15. If the rhathematical value of Result(4) is less thar.the mathematical value of Result(5)—note that these mathematical value:
are both finite and not both zero—returne . Otherwise, returfalse

16. If Reslilt(2) is a prefix of Result(1), retfaise (A string valuep is a prefix of string valug if g can be the regult of
concatenating and some other strirrg Note-that any string is a prefix of itself, because r may be the empty [string.)

17.If Reslilt(1) is a prefix of Result(2), refitroe .

18. Letk bg¢ the smallest nonnegative integer such that the character at gosiiibim Result(1) is different from the character
at posifionk within Result(2). (There must be suck,dor neither string is a prefix of the other.)

19. Letm He the integer that is the"Unicode encoding for the character at p&sititiin Result(1).

20. Letn bg the integer that is the Unicode encoding for the character at p&sititiin Result(2).

21. If m<n, returntrue . Otherwise, returfalse

©oo~NOR

NOTE The comparison of strings uses a simple lexicographic ordering on sequences of Unicode code point values. [There is
no attempt|to use the'more complex, semantically oriented definitions of character or string equality and collating ordef defined
in the Unicpde 2.0-specification.

11.9 Equplity operators

Syntax
EqualityExpression

RelationalExpression
EqualityExpressior= RelationalExpression
EqualityExpressiot= RelationalExpression
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Semantics

The result of evaluatingequalityExpressionis always of type Boolean, reflecting whether the relationship named by the
operator holds between its two operands.

11.9.1 The equals operator £=)
The production EqualityExpressiorcqualityExpressior= RelationalExpression is evaluated as follows:

Evaluate EqualityExpression.

Call Gct‘v’a:uc(P\cou:t(l)).

Evaluate RelationalExpression.

Call|GetVvalue(Result(3)).

Perform the comparison Result(4) == Result(2). (See 11.9.3)
Retlirn Result(5).

ourwdE

11.9.2 The does-not-equals operator£ )
The prqductiorEqualityExpression EqualityExpressiot= RelationalExpressiors evaluated’/as follows:

Evaluate EqualityExpression.

Call|GetValue(Result(1)).

Evaluate RelationalExpression.

Call|GetValue(Result(3)).

Perform the comparison Result(4) == Result(2). (See 11.9.3)
If Result(5) idrue |, returnfalse . Otherwise, returtrue .

oukrwhE

11.9.3 The abstract equality comparison algorithm
The comparisox ==y, wherex andy are values, produc#sie orfalse Such a comparison is performed as follows:

1. If Typek) is different from Typey), go to step 14.
2. If Type) is Undefined, returtrue .
3. If Type) is Null, returntrue .
4. If Typef) is not Number, go to step 11.
5. Ifxis NaN, returnfalse
6. Ifyis NaN, returnfalse
7. If xis the same number valueyaseturntrue .
8. Ifxis+0andyis -0, returntrue .
9. If xis—0 andyis +0, returntrue~—.
10. Retyrrfalse
11. If Typef) is String, then returtrue  if x andy are exactly the same sequence of characters (same length and same
charjacters in correspanding positions). Otherwise, réalsa
12. If Typef) is Booleaf, returtrue if x andy are bothtrue or bothfals e. Otherwise, returfalse
13. Returrirue if x.andy refer to the same object. Otherwise, retialse
14.1fxisnull andy'is undefined |, returntrue .
15. Ifxisundefined andyis null , returntrue .
16. If Typef) is Number and Typg] is String,
retufnithe result of the compariser= ToNumbery).
17.1f T) pcé\) IS Stlillg art Typtyﬁ 1S Nulll'u&:l,
return the result of the comparison TONumRker=y.
18. If Typef) is Boolean, return the result of the comparison ToNumrpesy.
19. If Typeg) is Boolean, return the result of the comparigser= ToNumbery).
20. If Typef) is either String or Number and Type(s Object,
return the result of the compariser= ToPrimitiveg).
21.If Typef) is Object and Typ#] is either String or Number,
return the result of the comparison ToPrimitk)et=y.
22. Returrfalse

NOTE Given the above definition of equality::

String comparison can be forced by: " +a==""+b .
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Numeric comparison can be forced by: a-0==b - 0.
Boolean comparison can be forced by: la==1b.
The equality operators maintain the following invariants:

1. A I= B is equivalent to !(A == B).
2. A == B is equivalent to B == A, except in the order of evaluation of A and B.

The equality operator is not always transitive. For example, there might be two distinct string objects, each representing the
same string_value; each string object would be considered equal to the string value by the == operator, but the two string
objects wotlld not be equal to each other.

Comparisop of strings uses a simple equality test on sequences of Unicode code point values. There is no attémpt tg use the
more complex, semantically oriented definitions of character or string equality and collating order defined in the Uni¢ode 2.0
specificatign.

11.10 Binary bitwise operators
Syntax
BitwiseANDEXxpression

EqyalityExpression

BitwiseANDExpressio& EqualityExpression
BitwiseXQRExpression

BitwiseANDEXxpression

BityiseXORExpressioh BitwiseANDEXxpression
BitwiseORExpression

BityiseXORExpression

BitwiseORExpression Bitwise XORExpression
Semantics

The prodyctiorA: A @ B where @ is one of the bitwise operators in the productions above, is evaluated as follows:

EvalugteA.

Call Getvalue(Result(1)).

EvalugteB.

Call Getvalue(Result(3)).

Call TgInt32(Result(2)).

Call TgInt32(Result(4)).

Apply the bitwise operator @ to Result(5) and Result(6). The result is a signed 32 bit integer.
Return Result(7).

NGO~ WNE

11.11 Binary logical operators
Syntax

LogicalANDEXxpression
BitwiseORExpression
LogicalANDEXxpressio&& BitwiseORExpression
LogicalORExpression

LogicalANDExpression
LogicalORExpressiofj LogicalANDExpression
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Semantics
The productionLogicalANDExpression LogicalANDExpressio&& BitwiseORExpressiois evaluated as follows:

Evaluate LogicalANDEXxpression.
Call GetValue(Result(1)).

Call ToBoolean(Result(2)).

If Result(3) is false, return Result(2).
Evaluate BitwiseORExpression.
Call-SetfaldefResuitb))-

Retlllrn Result(6).

NouokrwhE

The prqductionLogical ORExpressionLogical ORExpressiof] LogicalANDEXxpressiois evaluated as follows

1. Evaluate LogicalORExpression.

2. CalllGetVvalue(Result(1)).

3. Call|ToBoolean(Result(2)).

4. If Result(3) is true, return Result(2).
5 Evaluate LogicalANDEXxpression.
6

7

. Call
Ret

GetValue(Result(5)).
rn Result(6).

NOTE [The value produced by a &&or || operator is not necessarily of type Bootean. The value produced will alyays be the
value of|one of the two operand expressions.

11.12 Conditional operator ( ?:)

Syntax
ConditipnalExpression

Logical ORExpression
HogicalORExpressiof? AssignmentExpressionAssignmentExpression

Semantics

The prgductiorConditionalExpression LogiCalORExpressiof? AssignmentExpressian AssignmentExpressida evaluated
as follows:

1. Evaluate LogicalOREXxpressian:

2. CalllGetVvalue(Result(1)).

3. Call|ToBoolean(Result(2))

4. If Result(3) is false, go:to step 8.

5. Evaluate the first ASsighmentExpression.

6. CalllGetValue(Résutt(5)).

7. Retyirn Resuli(6);

8. Evaluate the'second AssignmentExpression.
9. Call|GetValue(Result(8)).

10. Retpirn Result(9).

NOTE The grammar for a ConditionalExpression in ECMAScript is a little bit different from that in C and Java, which each
allow the second subexpression to be an Expression but restrict the third expression to be a ConditionalExpression. The
motivation for this difference in ECMAScript is to allow an assignment expression to be governed by either arm of a conditional
and to eliminate the confusing and fairly useless case of a comma expression as the centre expression.

11.13 Assignment operators

Syntax

AssignmentExpression

ConditionalExpression
LeftHandSideExpression AssignmentOperator AssignmentExpression
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AssignmentOperatar one of

= *= /= 0= 4= = <<= >>= >>S>= &= N= =

11.13.1 Simple Assignment£ )
The productiorAssignmentExpressiorLeftHandSideExpressionAssignmentExpressios evaluated as follows:

Evaluate LeftHandSideExpression.
Evaluate AssignmentExpression.
Call GetValue(Result(2)).

Call PyitValue(Result(1), Result(3)).
Return| Result(3).

aprwOdE

11.13.2 Cpmpound assignmentdp=)

The prodyctionrAssignmentExpressianLeftHandSideExpression @ AssignmentExpressipwhere'@ representy one of the
operators|indicated above, is evaluated as follows:

Evaludte LeftHandSideExpression.

Call GetValue(Result(1)).

Evaludte AssignmentExpression.

Call GetValue(Result(3)).

Apply pperator @ to Result(2) and Result(4).
Call PyitvValue(Result(1), Result(5)).

Return] Result(5).

NogoprwhE

11.14 Cdmma operator (, )

Syntax
Expressiopn
AsdignmentExpression
Exgression AssignmentExpression
Semantics
The prodyctiorExpression Expression AssignmentExpressids evaluated as follows:

EvaludteExpression

Call GetValue(Result(1)).
Evalugte AssignmentExpreSsion.
Call GetValue(Result(3)).

Return] Result(4).

agrwdPE

12 Stat¢ments
Syntax

Statemen

Block
VariableStatement
EmptyStatement
ExpressionStatement
IfStatement
IterationStatement
ContinueStatement
BreakStatement
ReturnStatement
WithStatement

52


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

O ISO/IEC

12.1 Block
Syntax
Block:

{ StatementLig}}

StatementList

ISO/IEC 16262:1998 (E)

Jtatement
$tatementList Statement

Semantics

The prqductiorBlock: { } is evaluated as follows:

1.

Retdirn “normal completion”.

The prqductiorBlock: { StatementLis}is evaluated as follows:

1.
2.

Evaluate StatementList.
Retlirn Result(1).

The prqductiorStatementList Statemenis evaluated as follows:

1.
2.

The prg

NoohkrwhE

8.

9.

EvaLuatéStatement
Retlirn Result(1).

Evaluate StatementList.

If Result(1) is an abrupt completion, return Result(l):
Evaluate Statement.

If Result(3) is a value completion, return Result(3).

If Result(1) is not a value completion, return,;Result(3).
Let V be the value carried by Result(1):

If Result(3) is “abrupt completion becausé#ak ”,
retufn “abrupt completion after valueV becausbrefk ”.
If R¢sult(3) is “abrupt completion becauseoftinue ",
retufn “abrupt completion aftervalue V becauseaftinue

Retdirn “normal completion.after value V.

12.2 Variable statement

Syntax

VariablgStatement

\ar “\ariableDeclarationList

ductiorStatementList StatementList Statemeatevaluated as follows:

VariableDeclarationList

VariableDeclaration
VariableDeclarationList VariableDeclaration

VariableDeclaration:

Identifier Initializer

opt

Initializer :

= AssignmentExpression
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Description

If the variable statement occurs insidd=anctionDeclaration the variables are defined with function-local scope in that
function, as described in 10.1.3. Otherwise, they are defined with global scope (that is, they are created as members of th
global object, as described in 10.1.3) using property attributes { DontDelete }.. Variables are created when the exeeution scop
is entered. ABlock does not define a new execution scope. (rlygram and FunctionDeclarationproduce a new scope.
Variables are initialised to thendefined value when created. A variable with &mtializer is assigned the value of its
AssignmentExpressiamhen theVariableStatemeris executed, not when the variable is created.

Semantic
The prodyctiorVariableStatementvar VariableDeclarationList is evaluated as follows:
1. Evalugte VariableDeclarationList.

2. Return “normal completion”.

The prodyctiorvVariableDeclarationList VariableDeclarationis evaluated as follows:

1. Evalugte VariableDeclaration.

The prodyctiorvariableDeclarationList VariableDeclarationList VariableDeclarationis“evaluated as follows:
1. Evaludte VariableDeclarationList.

2. Evalugte VariableDeclaration.

The prodyctiorVariableDeclaration: Identifieris evaluated as follows:

1. Return a string value containing the same sequence of characters ddéntifier.

The prodyctiorVariableDeclaration: Identifier Initializeris evaluated as follows:

Evaludtddentifier as described in 11.1.2.

Evalugte Initializer.

Call Getvalue(Result(2)).

Call PytValue(Result(1), Result(3)).

Return a string value containing the same _seguience of characters ddentifier.

SRS

The prodyctionnitializer : = AssignmentExpressios evaluated as follows:

1. Evalugte AssignmentExpression.
2. Return Result(1).

12.3 Empty statement
Syntax
EmptyStajement

Semantics

The productiorEmptyStatement; is evaluated as follows:

1. Return “normal completion”.

12.4 Expression statement
Syntax
ExpressionStatement

Expression
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Semantics

The productiorExpressionStatemenExpression is evaluated as follows:

1. EvaluateéExpression

2. Ca

Il GetValue(Result(1)).

3. Return “normal completion after value V", where the value V is Result(2).

12.5 Theif statement

Syntax

IfStatement

Eachelse for which the choice of associatédd is ambiguous shall be associated with the nearest poffs
otherwige have no correspondieige .

Semantics

The prqductionfStatement if ( Expression) Statemengelse Statemenis evaluated as follows:

Cal
Ca

ONok~wWNE

The prqductionifStatement if ( Expression Statemenis evaluated as follows:

Ca
Ca

oukrwnE

12.6 Itgration statements
An itergtion statementiconsists ohaader(which consists of a keyword and a parenthesized control cong

(which

Syntax

IteratioTStatement

12.6.1

EvaluateExpression

If Result(3) ifalse , go to step 7.
Evaluate the firsbtatement
Retlirn Result(b).

EvaIuate the secorstatement

Ret

EvaluateExpression

Eval

If RIsuIt(S) idalse , return “normalcompletion”.
Ret

il ( Expressior) Statemenglse Statement
il ( Expressior) Statement

ll|GetValue(Result(1)).
[l ToBoolean(Result(2)).

rn Result(7).

lllGetValue(Result(1)).
Il ToBoolean(Result(2)).

uateStatement
rn Result(5).

consists of &tatement

wvwhila L Evnracoinn COtataprannt

Whtte—(—Expression—Statement
for ( Expressioy),; Expressiop,; Expressiop,) Statement

for ( var VariableDeclarationList Expressiop, ; Expressiop,) Statement
for ( LeftHandSideExpression Expression Statement

for ( var Identifier Initializer,, in Expressior) Statement

Thewhile statement

The productioniterationStatementwhile ( Expression) Statemenis evaluated as follows:

PobdE

LetC be “normal completion”.
EvaluateExpressio.

Call GetValue(Result(1)).
Call ToBoolean(Result(2)).

ISO/IEC 16262:1998 (E)

ihlet would

truct) mod) a
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5.
6.
7

8.
9.
10.
11.
12.

If Result(3) idalse , go to step 12.
Evaluatestatement

. If Result(6) is a value completion, char@& be “normal completion after valM whereV is the value carried

Result(6).

If Result(6) is dreak completion, go to step 12.

If Result(6) is @ontinue  completion, go to step 2.
If Result(6) is aeturn ~ completion, return Result(6).
Go to step 2.

Returre

O ISO/IEC

by

12.6.2 The¢for statement
The prodyctioriterationStatementfor ( Expressioy),; Expressiop),; Expressioy,) Statemenis evaluated as fo

RROooNooO N E

0.
1.

12.
13.
14.
15.
16.
17.
18.
19.

If the firstExpressioris not present, go to step 4.
Evalugte the firdExpression

Call GetValue(Result(2)). (This value is not used.)
LetC be “normal completion”.

If the decondExpressions not present, go to step 10.
Evaludte the secorttkpressio.

Call GetValue(Result(6)).

Call TgBoolean(Result(7)).

If Resylt(8) idalse , go to step 19.

EvalugteéStatement

If Resuilt(10) is a value completion, cha@® be “normal completion after valvg whereV is the value carriec
Result{10).

If Resuilt(10) is &dreak completion, go to step 19.

If ResUilt(10) is @ontinue  completion, go to step 15.
If Resuilt(10) is aeturn  completion, return Result(10).
If the thirdExpressions not present, go to step 5.
Evalugte the thirExpressio.

Call GgtValue(Result(16). (This value is not used.)
Go to ptep 5.

I~

ReturrC.

The prodyctioniterationStatement for _(\ var VariableDeclarationList; Expressiop, ; Expressiop,) Stat
evaluated|as follows:

©oNoa~WNE

10.

12.
13.
14.
15.
16.
17.

56

Evalugte VariableDeclarationkist:

Let C be “normal completion”;

If the decond Expression-is.riot present, go to step 8.

Evalugte the second Expression.

Call GetValue(Result(4)).

Call TgBoolean(Reésult(5)).

If Resylt(6) ifalse’ , go to step 15.

Evalugte Statement.

If Resylt(8)\s a value completion, change C to be “normal completion after value V" where V is the value

llows:

| by

ementis

carried by

Result{8)

If Result(8) is dreak completion, go to step 17.

. If Result(8) is @ontinue  completion, go to step 13.

If Result(8) is aeturn  completion, return Result(8).
If the third Expression is not present, go to step 3.
Evaluate the third Expression.

Call GetValue(Result(14)). (This value is not used.)
Go to step 3.

Return C.
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12.6.3

The productioriterationStatement for

Cal
Cal
Let

aprLOdE

IEC ISO/IEC 16262:1998 (E)

Thefor..in statement

Evaluate th&xpression

| GetValue(Result(1)).
| ToObject(Result(2)).
C be “normal completion”.

( LeftHandSideExpressidn Expressior) Statements evaluated as follows:

Get the name of the next property of Result(3) that doesn't have the DontEnum attribute. If there is no such property, go
step 14

13.Go

14. RethrrC.

The pr

1. Evaluate VariableDeclaration.
2. Evaluate Expression.

3. Call|GetValue(Result(2)).

4. CalllToObject(Result(3)).

Let

. Evaluate Statement.
0. If Rgsult(9) is a value completion, change C to be “normal completion after value V" where V is the val
Reslt(9).
11. If Result(9) dreak completion, go'to step 15.
12. If Rgsult(9) a&ontinue  completion; go to step 6.
13.If Rgsult(9) aeturn  completion, return Result(9).

14.Go

15. Retyrn C.

The mgchanics of enumerating the properties (step 5 in the first algorithm, step 10 in the second) is imple
The orfler of enumgration is defined by the object. Properties of the object being enumerated ma
enumetation. If @ property that has not yet been visited during enumeration is deleted, then it will nc
propertles arg‘added to the object being enumerated during enumeration, the newly added properties a

visited

Enumetating-the-properties-of-an-obiect-includes—enumerating-properties—of-its—protetvpe—and-the-prote
atg-te-properd HahH-oBjectHietHa RHReaHRgpreper HS—Petepe—ahRa—+he—p+ot

Evaluate théeftHandSideExpressiqrit may be evaluated repeatedly).

Call{PutValue(Result(6), Result(5)).

EvaluateStatement

If Result(8) is a value completion, charigeo be “normal completion after vald whereV is the value carrig
Reslilt(8).

10. If Rgsult(8) is dreak completion, go to step 14.

11. If Result(8) is @ontinue  completion, go to step 5.

12.If Rgsult(8) is aeturn  completion, return Result(8).

Get|the name of the next property of Result(4) that deésn’t have the DontEnum attribute. If there is no
step| 15.

7. Evaluate Result(1) as if it were an Identifier; see 11.1.2 (yes, it may be evaluated repeatedly).

8. Call|PutValue(Result(7), Result(6)).
9
1

o step 5.

qductioriterationStatementfor ( var VariableDeclarationin Expressior) Statemenis evaluated as

C be “normal completion”.

o step 6.

n the active enumeration.

ed by

follows:

such property, go |

Le carried by

mentation-depend
y be deleted dur
t be visited. If ne
e not guaranteed

ype of the prototy

and so on, recursively; but a property of a prototype is not enumerated if it is “shadowed” because some previous object in
prototype chain has a property with the same name.

12.7 Thecontinue statement

Syntax

Contin

ueStatement
continue
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Semantics

An ECMAScript program is considered syntactically incorrect if it contaim®rdginue  statement that is not within a
while orfor statement. Theontinue statement is evaluated as:

1. Return “abrupt completion becausecohtinue

12.8 Thebreak statement
Syntax

BreakStatement
brepk ;

Semantics

An ECMAScript program is considered syntactically incorrect if it contaimeak statement that is not withinvehile or
for stateent. Thbreak statementis evaluated as:

1. Return “abrupt completion becauseébofak .

12.9 Thefeturn statement
Syntax
ReturnStatement

retyrn  [noLineTerminatothere] EXpressiof), ;

Semantics

An ECMAScript program is considered syntactically incorgect if it contaieslein  statement that is not within tfBock of
a Functior|Declaration It causes a function to cease execution and return a value to the cé&bgurd§sionis omitted, the
return valjie is thendefined value. Otherwise, thexteturn value is the valuBxgfression

The prodyctiorReturnStatement return  [no LineTérminatorhere] Expressioy), ; is evaluated as:

1. If theExpressioris not present, return “abrupt completion becausetofn  undefined
2. EvalugteExpression

3. Call GetValue(Result(2)).

4. Return “abrupt completion becauseetiuirn V”, where the valu®/ is Result(3).

12.10 Thewith statement
Syntax
WithStatement

with ( Expressior) Statement

Description

Thewith statement adds a computed object to the front of the scope chain of the current execution context, then executes
statement with this augmented scope chain, then restores the scope chain.

Semantics
The productionWithStatementwith ( Expressior) Statemenis evaluated as follows:

EvaluateExpression

Call GetValue(Result(1)).

Call ToObject(Result(2)).

Add Result(3) to the front of the scope chain.
EvaluateStatementising the augmented scope chain from step 4.
Remove Result(3) from the front of the scope chain.

Return Result(5).

NogakrwdE
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NOTE No matter how control leaves the embedded Statement, whether normally or by some form of abrupt completion, the
scope chain is always restored to its former state.

13 Fu
Syntax

nction Definition

FunctionDeclaration

Seman

Defines
functiorn
and thdg
global g

The prd

1. Cirq
2. Pu

as appropriate (see above).

The prpductionFunctionDeclaration: function Identifier ( FormalParameterList) Block is processed
declarations as follows:

1. Cre
and
2. Put
as a

14 Pr
Syntax

Program:

[«

N

Source

[«
J
[«
J

famctionm— rdentfier(—FormatParametertisy ) Biock

FormalParameterList

Hentifier

ormalParameterList Identifier
ics

a property of the global object whose name isdinatifier following thefunction.” keyword and whd
object with the given parameter list and statements. If the function dgfinition is supplied texgval

calling context has an activation object, then the declared function is.added to the activation o
bject. See 10.1.3.

ductiorFunctionDeclaration function  Identifier( ) Blockis processed for function declarations a

ate a new Function object (15.3.2.1) with no parameteiB|dbleas the body, anldientifier as its name.
this new Function object as the new value of the property.Hdamdier in the global object or the acti

hte a new Function object (15.3.2.1) with thie)parameters specifiedFnyrnParameterListtheBlock as
dentifier as its name.
this new Function object as the new:valtie of the property Hdemgdierin the global object or the activ,
ppropriate (see above).

bgram

ourceElements

Elements

ourceElement
aourceElements SourceElement

se value is a
théunction
bject instead of to

5 follows:

ation object,

for function

the body,

ation object,

SourceElement

Statement
FunctionDeclaration

Semantics

The productiorProgram: SourceElementss evaluated as follows:

1. Process SourceElements for function declarations.

2. Eva

luate SourceElements.

3. Return Result(2).
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The productiorSourceElementsSourceElemeris processed for function declarations as follows:

1. ProcesSourceElemerfor function declarations.

The productiorSourceElementsSourceElemeris evaluated as follows:

1. Evaluate SourceElement.
2. Return Result(1).

The prodyeti

1. ProcegSourceElement®r function declarations.
2. ProcegSourceElemerfbr function declarations.

The prodyctiorSourceElementsSourceElements SourceElemsnevaluated as follows:

Evaludte SourceElements.

Evaludte SourceElement.

If Resylt(2) is a value completion, return Result(2).
Return Result(1).

PoNPE

The prodyctiorBourceElement Statemenis processed for function declarations hy‘taking no action.
The prodyctiorSourceElement Statemenis evaluated as follows:

1. EvalugteStatement

2. Return Result(1).

The prodyctiorBourceElementFunctionDeclaratioris processed for function declarations as follows:

1. Proceg&unctionDeclaratiorfor function declarations.

The prodyctiorSourceElementFunctionDeclarationis evaluated as follows:

1. Returny “normal completion”.

15 Natiye ECMAScript objects

There are|certain built-in objects available whenever an ECMAScript program begins execution. One, the global object, is in
the scope|chain of the executing program. Others are accessible as initial properties of the global object.

Many builf-in objects are functions; they can be invoked with arguments. Some of them furthermore are corjstructors: they are
functions [intended for use with,theew operator. For each built-in function, this specification describes the arguments
required Ry that function ahd properties of the function object. For each built-in constructor, this specification furthermore
describes|properties of the/prototype object of that constructor and properties of specific object instances|returevwd by a
expressioh that invokes.that constructor.

Unless otherwise-specified in the description of a particular function, if a function or constructor described in this clause i
given fewgr arguments than the function is specified to require, the function or constructor shall behave ¢xactly as if it had
been giveh sufficient additional arguments, each such argument beumpéfened value.

Every built-in function and every built-in constructor has the Function prototype object, which is the value of the expression
Function.prototype (15.3.2.1), as the value of its internal [[Prototype]] property, except the Function prototype object
itself.

Every built-in prototype object has the Object prototype object, which is the value of the exp@gsictiprototype

(15.2.3.1), as the value of its internal [[Prototype]] property, except the Object prototype object itself. Every natiygeprotot
object associated with a program-created function also has the Object prototype object as the value of its internalJJ[Prototype
property.

None of the built-in functions described in this clause shall implement the internal [[Construct]] method unless otherwise
specified in the description of a particular function. None of the built-in functions described in this clause shalhiaiteéaby
prototype  property unless otherwise specified in the description of a particular function. Every built-in function object
described in this clause—whether as a constructor, an ordinary function, or bothdehgtha property whose value is an
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integer. Unless otherwise specified, this value is equal to the number of named arguments shown in the
function description; for example, the function object that is the initial value afidiegOf property of the Stri

clause heading fol
ng prototype

object is described under the clause heading “indexOf(searchString, position)” which shows the two named argumel
searchStringand positiony therefore the value of thength  property of that function object B. Sometimes the same
function object is described under more than one heading to emphasise its different behaviours when given different numt
of actual arguments; in such a case, unless otherwise specifiegghdtie value is the largest number of arguments shown in
any applicable clause heading. For example, the function object that is the initial valu®©bfette property of the global
object is described under four separate headings: as a function of one argument (15.2.1.1), as a function of zero argurr

(15.2.112), as a constructor of one argument (15.2.2.1), and as a constructor of zero arguments (15.2:2
of arguments described is 1, so the value ofdhgth property of that function object is

In every case, dngth property of a built-in function object described in this clause has the" attrilj
DontDdlete, DontEnum } (and no others). Every other property described in this clause has.the”attribute
no others) unless otherwise specified.

15.1 The Global Object

The gldbal object does not have a [[Construct]] property; it is not possible to use,the global object as g
new opgrator.

The glgbal object does not have a [[Call]] property; it is not possible to invoke-the global object as a funct
The value of the [[Prototype]] property of the global object is implementation-dependent.
15.1.1 Value properties of the Global Object

15.1.1.1 NaN
The inifjal value oNaNis NaN.

15.1.1.2 Infinity
The inigal value ofnfinity iS +00,

15.1.2 Function properties of the Global Object
15.1.2.1 eval(x)
When theeval function is called with one argumextthe following steps are taken:

If X i not a string value, return

Parse<as an ECMAScripProgrant If the parse fails, generate a runtime error.
Evaluate the program fromstep 2.

If RIsuIt(3) is “normal campletion after val\@ return the valuéd/.

Retlirn undefined.

aprwNdE

If value|of theeval property is used in any way other than a direct call (that is, other than by the explicit u
Identifigr which is'theMemberExpressiom aCallExpressiol, or if theeval property is assigned to, a runtim
generated.

2). The largest nu

utes { ReadOnly,
{ DontEnum } (ar

constructor with t

se of its name as ¢
e error may be

15.1.2.2 parselnt(string, radix)

TheparSelr i
to the specifiedadix.

When theparseint  function is called, the following steps are taken:

1. Call ToStringétring).

2. Compute a substring of Result(1) consisting of the leftmost character that StidteteSpaceChaand all ch
the right of that character. (In other words, remove leading whitespace.)

3. Letsignbe 1.

If Result(2) is not empty and the first character of Result(2) is a minus &grignbe-1.

S

of Result(2) produced by removing the first character; otherwise, Result(5) is Result(2).
6. If theradix argument is not supplied, go to step 12.

aracters to

If Result(2) is not empty and the first character of Result(2) is a plus siga minus sign, then Result(5) is the substring
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7. Call Tolnt32¢adix).
8. If Result(7) is zero, go to step 12; otherwise, if Result(7) < 2 or Result(7) > 36,MafNrn
9. LetRbe Result(7).

ISO/IEC

10. If R= 16 and the length of Result(5) is at least 2 and the first two characters of Result(5) ar@xitbef 0X”, let Sbe

the substring of Result(5) consisting of all but the first two characters; otherwiSgddesult(5).
11. Go to step 22.
12. If Result(5) is empty or the first character of Result(5) i©¥ngb to step 20.
13. If the length of Result(5) is at least 2 and the second character of ResulifbXisgo to step 17.
14.LetRbe8

15. LetSbg Result(5).

16. Go to ptep 22.

17. LetR be 16.

18. LetSbeg the substring of Result(5) consisting of all but the first two characters.
19. Go to gtep 22.

20. LetR be 10.

21. LetSbe Result(5).

22.1f Sconptains any character that is not a ralictigit, then letZ be the substring @& consisting-of all characters t¢ the left of

the leftmost such character; otherwise Aée S,

23.1f Z is empty, returiNaN.

24. Compuite the mathematical integer value that is represeniuh bgdix-R notation.\(But ifR is 10 andZ contains
than 20 significant digits, every digit after the 20th may be replacedluigit, at-the option of the implemental
Ris not 2, 4, 8, 10, 16, or 32, then Result(24) may be an implementatiof<dependent approximation to the
integen value that is representedzi radix-R notation.)

25. Compuite the number value for Result(24).

Note thatparselnt  may interpret only a leading portion of<the string as an integer value; it ignores any

When thegjarseFloat  function is called, the following steps are taken:
1. Call TgStringétring).

more
ion; and if
mathematical

characters that
s were ignored.

hent as a

2. Compuite a substring of Result(X) ¢onsisting of the leftmost character that StidtéeteSpaceChaand all characters to

the right of that character.(In other words, remove leading whitespace.)

If neither Result(2) nor anyprefix of Result(2) satisfies the syntaxst®ecimalliteral(see 9.3.1), returNaN.
Compuite the longest prefix of Result(2), which might be Result(2) itself, which satisfies the syri&wDefcima
Return the number value for the MV of Result(4).

arw

Note thatparseFloat™¢ may interpret only a leading portion of the string as a number value; it ignores any
cannot be interpreted as part of the notation of an decimal literal, and no indication is given that any su
ignored.

Literal

characters that
Ch characters wert

15.1.2.4 estape(strning)

The escape function computes a new version of a string value in which certain characters have been replaced by a

hexadecimal escape sequence.

For those characters being replaced whose Unicode encodixigHs or less, a two-digit escape sequence of th

e s

used. For those characters being replaced whose Unicode encoding is gredieFfhaam four-digit escape sequence of the

form %uwxxxis used
When theescape function is called with one argumestting, the following steps are taken:

1. Call ToString$tring).
2. Compute the number of characters in Result(1).
3. LetRbe the empty string.
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Letk be 0.

If k equals Result(2), retuiR

Get the character at positibmvithin Result(1).

If Result(6) is one of the 69 nonblank ISO/IEC 646 IRV charaél8EGDEFGHIJKLMNOPQRSTUVWXYZ

abcdefghijkimnopgrstuvwxyz 0123456789 @*_+-./ , goto step 14.

Compute the 16-bit unsigned integer that is the Unicode character encoding of Result(6).

If Result(8), is less than 256, go to step 12.

10. LetS be a string containing six characte¥su'wxyZ wherewxyzare four hexadecimal digits encoding the value of
Respli(8)

11. Go jo step 15.

12. Let$ be a string containing three charactés<y’ wherexy are two hexadecimal digits encoding the yalue|of Result(8).

13. Go {o step 15.

14. Let$ be a string containing the single character Result(6).

15. LetRR be a new string value computed by concatenating the previous vdtusndS.

16. Incrpasé by 1.

17. Go fo step 5.

No o ks

©

NOTE [The encoding is partly based on the encoding described in RFC1738, but the entirg ‘ericoding specified in this standard
is descriped above without regard to the contents of RFC1738.
15.1.2.% unescape(string)

Theungscape function computes a new version of a string value in which each escape sequences of the sort that might
introdu¢ed by thescape function is replaced with the character that(p represents.

When theunescape function is called with one argumestting, the.following steps are taken:

. Call[ToStringstring).
pute the number of characters in Result(1).

. Ifk ik greater than Result(Z, go to step_14.
. If the character at positidet+1 within result(1) is noti, go to step 14.
0. If the four characters at positidae2;k+3, k+4, andk+5 within Result(1) are not all hexadecimal digits, go {o step 14.
1. Letg¢ be the character whose Unicode encoding is the integer represented by the four hexadecimal digits at#ysitions
k+3,|k+4, andk+5 within Result(Z).
12.Incrpase k by 5.
13. Go {o step 18.
14.Ifk is greater than Result(23, go to step 18.
15. If the two charactefrs‘at positidasl andk+2 within Result(1) are not both hexadecimal digits, go to step 18.
16. Let¢ be the character whose Unicode encoding is the integer represented by two zeroes plus the two hexadecimal digits
posifionsk+1andk+2 within Result(1).
17. Incrpasd by-2.
18. LetR béa new string value computed by concatenating the previous vauendt.

PR OO ~NOOOR~AWNER
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20. Go to step 5.

15.1.2.6 isNaN(number)
Applies ToNumber to its argument, then retunog if the result ifNaN, and otherwise returrfalse

15.1.2.7 isFinite(number)
Applies ToNumber to its argument, then retuiase if the result ifNaN, +o, or—c, and otherwise returrigue.
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15.1.3 Constructor Properties of the Global Object
15.1.3.1 Object( . . .)

See 15.2.1 and 15.2.2.

15.1.3.2 Function( . . .)

See 15.3.1 and 15.3.2.

15.1.3.3 Array(...)

See 15.4.
15.1.34 §
See 15.5.
15.1.358
See 15.6.
15.1.3.6 N
See 15.7.
15.1.3.7 0
See 15.9.
15.1.4 Oth
15.1.4.1 N
See 15.8.

15.2 Obje
15.2.1 Th

|l and 15.4.2.

tring(...)

| and 15.5.2.
oolean(...)
| and 15.6.2.

umber(...)
| and 15.7.2.

ate(...)
D

er Properties of the Global Object
lath

Ct Objects
b Object Constructor Called as a Function

WhenObjgct is called as a function rather than as a constructor, it performs a type conversion.

15.2.1.1 @
When the(

1. If thev

exactly
2. Return
15.2.1.2 (
When the(

1. Creats
called

15.2.2Th

bject(value)
Dbject  function is called with one(@rgumerdlug the following steps are taken:

hlueisnull  orundefined |, créate and return a new object with no properties (other than internal |
as if the object constructor(had been called on that same value (15.2.2.1).

ToObjectalue.

bject()

Dbject  functiop-is-ealled with no arguments, the following step is taken:

and return @ new object with no properties (other than internal properties) exactly if the object cor
vith no argument (15.2.2.2).

b Ohject Constructor

broperties)

structor had bee

WhenObje

bCtD) is called as part of @ew expression, it is a constructor that may create an object.

15221 n

ew Object(value)

When theObject constructor is called with one argumeatue the following steps are taken:

1. If the type of thevalueis not Object, go to step 4.

2. If thevalueis a native ECMAScript object, do not create a new object but simply retiue

3. Ifthevalueis a host object, then actions are taken and a result is returned in an implementation-dependent manner that may
depend on the host object.

No oA

If the type of the value is String, return ToObjeal(e).

If the type of thevalueis Boolean, return ToObjegtlud).

If the type of thevalueis Number, return ToObjestflue).

(The type of thealuemust be Null or Undefined.) Create a new native ECMAScript object.

The [[Prototype]] property of the newly constructed object is set to the Object prototype object.
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The [[Class]] property of the newly constructed object is seOlgject .
The newly constructed object has no [[Value]] property.
Return the newly created native object.

15.2.2.2 new Object()
When theObject constructor is called with no argument, the following step is taken:

1. Create a new native ECMAScript object.
The [[Prototype]] praperty of the newly constructed object is set to the Ohject prototype object
The|[[Class]] property of the newly constructed object is s&bject"
The|newly constructed object has no [[Value]] property.
Retyrn the newly created native object.

15.2.3 Properties of the Object Constructor

The valpue of the internal [[Prototype]] property of the Object constructor is the Function pretotype object.
Besideg the internal [[Call]] and [[Construct]] properties andiéngth property, the Qbject constructor has the following
propertfes:

15.2.3.1 Object.prototype
The initjal value ofObject.prototype is the built-in Object prototype object(15.2.4).
This prlperty shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.2.4 Properties of the Object Prototype Object

The valpe of the internal [[Prototype]] property of the Object prototype objectlis

15.2.4.1 Object.prototype.constructor
The inijal value ofObject.prototype.constructor IS the built-inObject constructor.

15.2.4.2 Object.prototype.toString()
When thetoString  method is called, the following steps are taken:

1. Getlthe [[Class]] property of this object:

2. Compute a string value by concatenating the three stfivigject " , Result(1), and] ".
3. Retlirn Result(2).

15.2.4.3 Object.prototype.valueOf()

As a rule, the valueOf method for an object simply returns the object; but if the object is a “wrapper” for g host obggct, as m
perhap$ be created by the.©Object constructor (see 15.2.2.1), then the contained host object should be returned.

15.2.5 Properties of Olject Instances

Object [nstances have no special properties beyond those inherited from the Object prototype object.

15.3 Function Objects
15.3.1 Thefunction Constructor Called as a Function
WhenFunction is called as a function rather than as a constructor, it creates and initialises a new function object. Thus t

function call Function(...) is equivalent to the object creation expressi@w Function(...) with the same
arguments.

15.3.1.1 Function(pl, p2, . . ., pn, body)

When theFunction function is called with some argumept p2, . . . ,pn, body(wheren might be 0, that is, there are no

“p" arguments, and wheleodymight also not be provided), the following steps are taken:

1. Create and return a new Function object exactly if the function constructor had been called with the same arguments
(15.3.2.2).

15.3.2 The Function Constructor
WhenFunction is called as part of mew expression, it is a constructor: it initialises the newly created object.

65


https://standardsiso.com/api/?name=c2c3b368e00c24293323c293618cb6ca

ISO/IEC 16262:1998 (E)

O ISO/IEC

, there are

15.3.2.1 new Function(pl, p2, . .., pn, body)

The last argument specifies the body (executable code) of a function; any preceding arguments specify formal parameters.
When theFunction constructor is called with some argumenmisp2, . . . ,pn, body(wheren might be 0, that is
no “p” arguments, and whefgodymight also not be provided), the following steps are taken:

1. LetP be the empty string.

2. If no arguments were given, lmdybe the empty string and go to step 13.

3. If one argument was given, ledybe that argument and go to step 13.

4. Let Refsult(4) be the first argument.

5. LetP be ToString(Result(4)).

6. Letkbg 2.

7. If k eqyals the number of arguments bHetlybe thek'th argument and go to step 13.

8. Let Result(8) be thiéth argument.

9. Call TgString(Result(8)).

10. LetP b the result of concatenating the previous vallg tie strind'," (a comma), and Result(9).

11. Increap& by 1.

12. Go to gtep 7.

13. Call T¢Stringgody).

18.

19.
20.

21.
22.
23.
24.
25.

Note that |t is permissible but not necessary to have one argument for each formal parameter to be specifi
three of the ntIn\A/ing pyprpccinnq pmdllrp the same result-

A prototype

. LetF b the newly constructed Function object.
. The [[Class]] property df is set td' Function ".

. The [[Prototype]] property dF is set to the original Function prototype object;the one that is the initial valu
Functign.prototype (15.3.3.1).
. Set the [[Call]] property df to a method such that, when it is invoked,thé executable function will be invok

formal parameters are specified®ynd whose body is specified by~Result(13). The string \Rilmeist be parsa

b Of

ed whose
ble as a

FormalParameterListy; the string value result(13) must be parsable @s@ementLigf. (Note that both and Result(13)

may cqntain whitespace, line terminators, and comments.) However, iffeitihétesult(13) is syntactically inco

[[Construct]] property Bfto a method that, when-it is invoked, constructs a new object whose [[Pro
property is equal to the value Bfprototype  at the-time the [[Construct]] method is invoked (but if this valu
object fhen the value @bject.prototype is_used), then invokdsas a function (using its [[Call]] property
new ohjject as ththis value and the argumenits*given to the [[Construct]] method as the arguments. If the
invoking the [[Call]] method is an object, that'object becomes the result of the invocation of the [[Construg
otherwjse the new object becomes the result of the invocation of the [[Construct]] method.

If thetqString  method ofF is later invoked, it will usegdnonymous ” as the name of the function in render
functioh as a string.

Compuite, as an integer number‘value of positive sign, the number of formal parameters that resulted fror
aFormplParameterLis:.
Thelerjgth  property oft-is set to Result(20). This property is given attributes { DontDelete, DontEnum, R
Creatd a new object as if-by the expressem Object()

Theprgtotype  praperty ofF is set to Result(22). This property is given attributes { DontEnum }.
Thecopstructor property of Result(22) iset toF. This property is given attributes { DontEnum }.
Retur

rrect, or
tynof

fotype]]

e is not an
with the

result of
t]] method;

ng the

n tReggarse of
eadOnly }.

bd. For example,

new Function("a", "b", "c", "return a+b+c")

new Function("a, b, c", "return a+b+c")

new Function("a,b", "c", "return a+b+c")

constructor.
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15.3.3 Properties of the Function Constructor
15.3.3.1 Function.prototype
The initial value ofFunction.prototype is the built-in Function prototype object (15.3.4).

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.3.3.2 Function.length

Thelength property isl. (Of course, the Function constructor accepts more than one argument, because it accepts a varia
numbefof arguments.)

15.3.4 Properties of the Function Prototype Object
The Function prototype object is itself a Function object (its [[Class]Fumction" ) that, wheninvoked| accepts any
argumgnts and returnsdefined
The valpe of the internal [[Prototype]] property of the Function prototype object is the Object-prototype object (15.3.2.1).
It is a fynction with an “empty body”; if it is invoked, it merely retutmgdefined

The Function prototype object does not hawealueOf property of its own; howgever, it inherits tvalueOff property
from the¢ Object prototype Object.

15.3.4.1 Function.prototype.constructor
The initjal value ofFunction.prototype.constructor is the built;inFunction  constructor.

15.3.4.2 Function.prototype.toString()
An implementation-dependent representation of the function>is returned. This representation hgds the syntax of
FunctionDeclaration Note in particular that the use and placement of whitespace, line terminators, and s¢micolons within th
represgntation string is implementation-dependent.

ThetoString  function is not generic; it generates a ¢untime error ifhis value is not a Function object. Therefore, it
cannot pe transferred to other kinds of objects for use as a method.

15.3.5 Properties of Function Instances
Every flinction instance has a [[Call]] property-and a [[Construct]] property.

15.3.5.1 length

The value of thdength property is\usually an integer that indicates the “typical” number of arguments expected by the
function). However, the language(permits the function to be invoked with some other number of arguments. The behaviour ¢
function when invoked on a mumber of arguments other than the number specifiedebgtits property depends on the

function.

15.3.5.2 prototype

The value of th@rotetype  property is used to initialise the internal [[Prototype]] property of a newly created object before
the Furiction objéct is invoked as a constructor for that newly created object.

15.4 Afray.Objects

Array opjects give special treatment to a certain class of property names. A property (iartiee form of a stiing value) is
anarray indexif and only If ToString(ToUInt329)) 1s equal toP and ToUInt32P) is not equal to 2-1. Every Array object

has alength  property whose value is always an integer with positive sign and less*théni2always the case that the
length property is numerically greater than the name of every property whose name is an array index; whenever a prope
of an Array object is created or changed, other properties are adjusted as necessary to maintain this invariant. Specifice
whenever a property is added whose name is an array inddentgth property is changed, if necessary, to be one more
than the numeric value of that array index; and whenevdetiggh  property is changed, every property whose name is an
array index whose value is not smaller than the new length is automatically deleted. This constraint applies only to propert
of the Array object itself and is unaffectedlbpgth or array index properties that may be inherited from its prototype.

15.4.1 The Array Constructor Called as a Function

WhenArray is called as a function rather than as a constructor, it creates and initialises a new array object. Thus the funct
call Array (...) is equivalent to the object creation expressiew Array (...)  with the same arguments.
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15.4.1.1 Array(itemQ, item1, . . .)
An array is created and returned as if by the expresganArray (itemQ iteml .. ).

15.4.1.2 Array(len)

An array is created and returned as if by the expressiarArray (len) .

15.4.1.3 Array()
An array is created and returned as if by the expressiamArray () .

15.4.2 Th¢ Array Constructor
WhenArrdy is called as part of mew expression, it is a constructor: it initialises the newly created objeet)

15.4.2.1 new Array(itemO, item1, . . .)
This descfiption applies if and only if the Array constructor is given two or more arguments.

The [[Profotype]] property of the newly constructed object is set to the original Array pratotype object, the one that is the
initial valugp ofArray.prototype (15.4.3.1).

The [[Clags]] property of the newly constructed object is sbAtay"
Thelengtll property of the newly constructed object is set to the number of arguments.

The 0 property of the newly constructed object is seteamQ the 1 property of«the newly constructed object is setdml;
and, in general, for as many arguments as there ark ptloperty of the newly’constructed object is set to arguwemhere
the first anggument is considered to be argument nuber

15.4.2.2 new Array(len)

The [[Profotype]] property of the newly constructed object is_set to the original Array prototype object, the one that is the
initial valugp ofArray.prototype (15.4.3.1). The [[Class]].property of the newly constructed object is SAtray"

If the argymentenis a number and ToUint326) is equaktden, then thdength  property of the newly constructed object
is set to TpUint32én). If the argumentenis a numberand ToUint32f) is not equal tden, a runtime error is gengrated.

If the argymentenis not a number, then thength‘_ property of the newly constructed object is set tand theO [property
of the newly constructed object is setdn.

15.4.2.3 new Array()

The [[Profotype]] property of the newly constructed object is set to the original Array prototype object, the one that is the
initial valugp ofArray.prototype (15.4.3.1). The [[Class]] property of the newly constructed object is SAtray’'

Thelengtll property of the newly constructed object is set@o

15.4.3 Prqperties of the Actray Constructor

The value|of the interfial*[[Prototype]] property of the Array constructor is the Function prototype object.
Besides the internal [[Call]] and [[Construct]] properties, the Array constructor has the following properties:
15.4.3.1 Array:prototype

The initial walae-ofAray-prototype——is-the-built-in-Array-prototype-object{15-4-4)-

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.4.3.2 Array.length

Thelength property isl. (Of course, the Array constructor accepts more than one argument, because it accepts a variable
number of arguments.)

15.4.4 Properties of the Array Prototype Object
The value of the internal [[Prototype]] property of the Array prototype object is the Object prototype object (15.2.3.1).

Note that the Array prototype object is itself an array; it heength  property (whose initial value 80) and the special
internal [[Put]] method described in 15.4.5.1. In following descriptions of functions that are properties of the Arrayeprototyp
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object, the phrase “this object” refers to the object that ithike value for the invocation of the function. It is permitted for
this to refer to an object for which the value of the internal [[Class]] property SAnGty"

The Array prototype object does not haveatueOf property of its own; however, it inherits thaelueOf property from
the Object prototype Object.

15.4.4.1 Array.prototype.constructor
The initial value ofArray.prototype.constructor is the built-inArray constructor.

15.4.4.2 Array.prototype.toString()

The elgments of this object are converted to strings, and these strings are then concatenated, separated by comma char:
The redult is the same as if the builfoim method were invoked for this object with no argument(

15.4.4.3 Array.prototype.join(separator)

The elgments of the array are converted to strings, and these strings are then concatenated, separated by occurrences
r If no separator is provided, a single comma is used as the separator.

n
D
e
QO
=
Q

When thgoin method is called with one argumesgtparator the following steps are.taken:

Call[the [[Get]] method of this object with argumélgngth .

Calll ToUint32(Result(1)).

If sgparatoris not supplied, leteparatorbe the single-character stribhig™:
CallfToString¢eparato).

If Result(2) is zero, return the empty string.

Callfthe [[Get]] method of this object with argumeft .

If Result(6) isundefined ornull , use the empty string; etherwise, call ToString(Result(6)).
LetRR be Result(7).

Leth bel.

10. If k gquals Result(2), retui

11. Let$ be a string value produced by concatenaRramnd Result(4).

12. Call the [[Get]] method of this object with argument ToStkhg(

13.If Result(12) isindefined  ornull , use.theyempty string; otherwise, call ToString(Result(12)).
14. LetR be a string value produced by concatenafiagd Result(13).

15. Incrpasé& by 1.

16. Go fo step 10.

CoNoOrwNE

Note thit thgoin  function is jntentionally generic; it does not require thathts value be an Array object| Therefore, it
can be [transferred to otherkinds of objects for use as a method. Whetjoén th&unction can be applied sug¢cessfully to a
host object is implementation-dependent.

15.4.4.4 Array.prototype.reverse()
The elgments ofthg' array are rearranged so as to reverse their order. The object is returned as the resulf of the call.

Call[the [[Get]] method of this object with argumelgngth .

Call| TeUint32(Result(1)).

Conpute floor(Result(2)/2)

Letk beO.

If k equals Result(3), return this object.

Compute Result(2k-1.

Call ToStringK).

Call ToString(Result(6)).

Call the [[Get]] method of this object with argument Result(7).

10 Call the [[Get]] method of this object with argument Result(8).

11. If this object has a property named by Result(8), go to step 12; but if this object has no property named by Result(8), the
go to either step 12 or step 14, depending on the implementation.

12. Call the [[Put]] method of this object with arguments Result(7) and Result(10).

13. Go to step 15.

14. Call the [[Delete]] method on this object, providing Result(7) as the name of the property to delete.

CoNoUR~wWNE
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15. If this object has a property named by Result(7), go to step 16; but if this object has no property named by Result(7), the

go to either step 16 or step 18, depending on the implementation.
16. Call the [[Put]] method of this object with arguments Result(8) and Result(9).
17.Go to step 19.
18. Call the [[Delete]] method on this object, providing Result(8) as the name of the property to delete.
19. Increasé& by 1.
20.Go to step 5.

Note that . )

it can be transferred to other kinds of objects for use as a method. Whettexetise funct|on can be applieds|
to a host gbject is implementation-dependent.

15.4.4.5 Array.prototype.sort(comparefn)

The elements of this array are sorted. The sort is not necessarily stablapHrefnis supplied, itcshould be a fu
accepts tyo argumerntsaandy and returns a negative valui€y, zero ifx =y, or a positive value'it >y.

If compargfnis supplied and is not a consistent comparison function for the elementsiof this array (see bg
implementation-defined. Otherwise the following steps are taken

1. Call thg [[Get]] method of this object with argument "length".

2. Call TQUint32(Result(1)).

3. Perform an implementation-dependent sequence of calls to the [[Get]] «[[Put]], and [[Delete]] methods of

SortCdmpare (described below), where the first argument for each call to [[Get]], [[Put]], or [[Delete]] is a
integer less than Result(2) and where the arguments for calls to SortCompare are results of previous call
methodl.

4. Return this object.

The returr]

1

ed object must have the following two properties.

There must be some mathematical permutatiai the nonnegative integers less than Result(2),
every nonnegative integgiess than Result(2), if properoyd[ j] existed, themew[ 11j)] is exactly
value ald[ j] .. but if propertyold[ j].( did not exist, themew[ 1j)] either does not exist or exists
undefined

Then for all nonnegative integgrandk, each less than Result(2)0id[ j]
SortCompare below), tham(j)<\'1tk).

compares less thaold[

Here the
before thig
this object

otationld[ |] is used to fefer to the hypothetical result of calling the [[Get]] method of this object
function is executed( and the notatiew[ j] to refer to the hypothetical result of calling the [[Get
with argumerjtafterthis function has been executed.

A function| is a consistent.comparison function for a set of values if (a) for any two of those values (possib
considerefl as an ordered pair, it always returns the same value when given that pair of values as its two
result of applying ToNumber to this value is ™NdN; (b) when considered as a relation, where the gayf) (s cons
be in the relationsif-and only if applying the functiontandy and then applying ToNumber to the result produd
value, thid relation is a partial order; and (c) when considered as a different relation, where #)g)paicgnsidere

Therefore,
uccessfully

nction that

low), the result is

this object and to
nonnegative
5 to the [[Get]]

such that for
the same
with value

K] (see

vith argument
] method of

y the same value)
arguments, and tl
idered to

es a negative

d to be in

the relationGf and onIy if applylng the functlon X(andy and then applymg ToNumber to the result produces a
either sig ' ' ' f : ’ i
Result(2) tax andy and then applylng ToNumber to the result produces a negatlve value.

When the SortCompare operator is called with two argunxeantsly, the following steps are taken:

If x andy are bothundefined |, return+0.
If xisundefined , return 1.
If yisundefined |, return-1.

If the argumentomparefnwas not provided in the call sort
Callcomparefrwith argument andy.

Return Result(5).

Call ToStringX).

Call ToStringy).

, go to step 7.

NG ~WNE
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9. If Result(7) < Result(8), returri.
10. If Result(7) > Result(8), return 1.
11. ReturntO0.

ISO/IEC 16262:1998 (E)

Note that, becausendefined always compares greater than any other value, undefined and non-existent property value
always sort to the end of the result. It is implementation-dependent whether or not such properties will exist or nat at the €
of the array when the sort is concluded.

Note th
can be
host ob

15.4.5

Array in
15.4.5.
Array o

Assumd
When t
Call

If A
IfP
Set
Go
Cre
IfP
If Tg
10. Chg
11. Ret
12. Con

CoNoorwWNE

hesort _function is intentionall neric; i not require thathi val n Arr
transferred to other kinds of objects for use as a method. Whetbkert théunction can be applied Su
ect is implementation-dependent .

Properties of Array Instances
stances inherit properties from the Array prototype object and also have the following)properties.

| [[Put]](P, V)

bjects use a variation of the [[Put]] method used for other native ECMAScript{objects (8.6.2.2).
PA is an Array object anB is a string.

ne [[Put]] method oA is called with property? and valueV, the following steps are taken:

the [[CanPut]] method &f with name P.

If R¢sult(1) is false, return.

Hoesn't have a property with nafggo to step 7.

s"length ", go to step 12.

the value of properBof Ato V.

o step 8.

hte a property with narReset its value t& and give it empty attributes.
s not an array index, return.

Uint32@) is less than the value of thength  property ofA, then return.
nge (or set) the value of thength  propertyofA to ToUint32P)+1.

irn.

pute ToUint32).

Therefore, it
ccessfully to a

has a

whose name is &

13. If R¢sult(12) is not equal to Tolntegéx(generate a runtime error.

14. For jevery integde that is less than the'value of fieagth  property ofA but not less than Result(12) Afitsel
proderty (not an inherited property)-named ToStkhghen delete that property.

15. Set tthe value of properyof A to 'Result(12).

16. Retyrn.

15.4.5.2 length

Thelength  property-of this Array object is always numerically greater than the name of every property

array index.

Thelength propefty has the attributes { DontEnum, DontDelete }.

15.5 Stfing“Objects

15.5.1 The‘String Constriictor Called as a Function

WhenString is called as a function rather than as a constructor, it performs a type conversion.
15.5.1.1 String(value)
Returns a string value (not a string object) computed by ToString(value).

15.5.1.2 String()
Returns the empty strifg .

15.5.2 The String Constructor
WhenString is called as part of @mew expression, it is a constructor: it initialises the newly created object.
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15.5.2.1 new String(value)

The [[Prototype]] property of the newly constructed object is set to the original String prototype object, the one that is the
initial value ofString.prototype (15.5.3.1).

The [[Class]] property of the newly constructed object is s&btiong"
The [[Value]] property of the newly constructed object is set to ToString(value).

15.5.2.2 new String()

The [[Profotype]] property of the newly constructed object is set to the original String prototype object~the one that is the
initial valup ofString.prototype (15.5.3.1).

The [[Clags]] property of the newly constructed object is s&btong"

The [[Valye]] property of the newly constructed object is set to the empty string.

15.5.3 Prqperties of the String Constructor

The value|of the internal [[Prototype]] property of the String constructor is the Function{rototype object.

Besides the internal [[Call]] and [[Construct]] properties andi¢ingth  property, the (String constructor has the following
properties}
15.5.3.1 String.prototype

The initial[value ofString.prototype is the built-in String prototype objéect (15.5.4).

This propérty shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.5.3.2 String.fromCharCode(char0, charl, . . .)

Returns alstring value containing as many characters as the number of arguments. Each argument specifies one character of 1
resulting gtring, with the first argument specifying the first character, and so on, from left to right. An argumgnt iscctmvert

a character by applying the operation ToUintl6 (9.7) and regarding the resulting 16-bit integer as the Unicode code point
encoding pf a character. If no arguments are supplied, the result is the empty string.

15.5.4 Prqperties of the String Prototype Object

The String prototype object is itself a string gbject (its [[ClassPpisng" ) whose value is an empty string.
The value|of the internal [[Prototype]] property of the String prototype object is the Object prototype object (15.2.3.1).
15.5.4.1 String.prototype.constructor

The initial[value ofString.prototypesconstructor is the built-inString  constructor.

15.5.4.2 String.prototype.toString()

Returns tlpis string values, (Note that, for a string object,tdlsgring method happens to return the same|thing as the
valueOf |[method.)

The toStripg function is not generic; it generates a runtime error ithis value is not a string object. Therefore, it
cannot be|transfefred to other kinds of objects for use as a method.

15.5.4.3 String.prototype.valueOf()

Returns this string value.

ThevalueOf function is not generic; it generates a runtime error thits value is not a string object. Therefore, it cannot
be transferred to other kinds of objects for use as a method.

15.5.4.4 String.prototype.charAt(pos)

Returns a string containing the character at pogita®in the string resulting from converting this object to a string. If there is
no character at that position, the result is the empty string. The result is a string value, not a string object.

If posis a value of Number type that is an integer, then the resuk.abfarAt( pog is equal to the result of
x.substring( pos postl) .

When thecharAt method is called with one argumgrts the following steps are taken:
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ToString, giving it théhis  value as its argument.
Tolntegenfos.

Compute the number of characters in Result(1).
If Result(2) is less than O or is not less than Result(3), return the empty string.
Return a string of length 1, containing one character from Result(1), namely the character at position Result(2), where the

ISO/IEC 16262:1998 (E)

first (leftmost) character in Result(1) is considered to be at position 0, the next one at position 1, and so on.

NOTE The charAt function is intentionally generic; it does not require that its this  value be a string object. Therefore, it can

be transferred to other kinds of objects for use as a method

15.5.4.% String.prototype.charCodeAt(pos)

Returng a number (a nonnegative integer less thurebresenting the Unicode code point encoding of

positior|posin the string resulting from converting this object to a string. If there is no character, lat that p

NaN.

When thecharCodeAt method is called with one argumémats the following steps are taken:

1. Call|ToString, giving it théhis  value as its argument.

2. Call|Tolntegengos.

3. Compute the number of characters in Result(1).

4. If Result(2) is less than 0 or is not less than Result(3), ristaih

5. Retdirn a value of Number type, of positive sign, whose magnitude isithe-Unicode encoding of one cha
namely the character at position Result(2), where the first (leftmost) character in Result(1) is considere
the mext one at position 1, and so on.

NOTE [The charCodeAt function is intentionally generic; it does not'tequire that its this value be a string object

it can be

15.5.4.4

If the g
are at
returne

When t

Call
Call
Call

transferred to other kinds of objects for use as a method,

b String.prototype.indexOf(searchString, position)

ven searchString appears as a substring of the result of converting this object to a string, at one
Dr to the right of the specified position,*then the index of the leftmost such position is returne

Co
Co
Co
Co
for

NouhkrwbNPE

posifionj of Result(2); but if there is no such integgethen compute the valué .
8. Retlyirn Result(7).

NOTE |Th& indexOf

. If position is undefined or not supplied;-0 is assumed, so as to search all of the string.

nandexOf method is called with two argumemstsarchStringandposition the following steps are takegn:
ToString, giving it théhis  valug\as its argument.

ToStringgearchString

Tolntegengosition). (If positionis undefined or not supplied, this step produces the vélue

pute the number of characters in Result(1).

pute min(max(Result(3), 0), Result(4)).

pute the number.0f characters in the string that is Result(2).

pute the smallest possible inteigaot smaller than Result(5) such thkaResult(6) is not greater than Rg

Il nonnegative integeidess than Result(6), the character at poskigrof Result(1) is the same as the ¢

the character at
psition, the result i

racter from Result(
d to be at position

Therefore,

or moréhpbsitions
ed; ottiervgise,

=

esult(4), and
haracter at

function is intentionally generic; it does not require that its this value be a string object. T

herefore, it

can be transferred to other kinds of objects for use as a method.

15.5.4.7 String.prototype.lastindexOf(searchString, position)

If the given searchString appears as a substring of the result of converting this object to a string, at one or moréhpbsitions
are at or to the left of the specified position, then the index of the rightmost such position is returned; otlierigise,
returned. If position is undefined or not supplied, the length of the string value is assumed, so as to search allgf the strin

When thdastindexOf

1. Call
2. Call
3. Call
4

ToString, giving it théhis  value as its argument.
ToStringgearchString
ToNumbergosition). (If positionis undefined or not supplied, this step produces the vilad!).

If Result(3) idNaN, usetoo; otherwise, call Tolnteger(Result(3)).

method is called with two argumemstsarchStringandposition the following steps are taken:
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Compute the number of characters in Result(1).

Compute min(max(Result(4), 0), Result(5)).

Compute the number of characters in the string that is Result(2).

Compute the largest possible intelgant larger than Result(6) such thkaResult(7) is not greater than Result(5), and for
all nonnegative integejdess than Result(7), the character at poskigrof Result(1) is the same as the character at
positionj of Result(2); but if there is no such integethen compute the valué .

9. Return Result(8).

©No O

NOTE The

Jex ally @ it doe
it can be transferred to other kinds of objects for use as a method.

ndexO 0 generi erefore,

155438

Returns
substring
of any suk

n Array object into which substrings of the result of converting this object to a string have peen stored. The
are determined by searching from left to right for occurrences of the given separatorjthese occurrences are not pe
string in the returned array, but serve to divide up the string value. The separator’'may be a string|of any length.

As a spedial case, if the separator is the empty string, the string is split up into individuat characters; the lengtbuitf the r

. te the number of characters in the string that is Result(4).
. Letp bgO.
If Resylt(6) is zero (the separator string is empty), go,to step 17.
. Complite the smallest possible inteigapt smaller thap such thak+Result(6) is not greater than Result(5), and for all
nonne$ative integejdess than Result(6), the character at poskigrof Result(1) is the same as the character at pogition
of Resylt(2); but if there is no such integethen-go to step 14.
10. Complite a string value equal to the substring of Result(1), consisting of the characters atptwitiogkk-1, ipclusive.
11. Call the [[Put]] method ok with Allength, ‘and Result(10) as arguments.
12. Letp bek+Result(6).
13. Go to step 9.
14. Complite a string value equatto-the substring of Result(1), consisting of the characters fronppostiernd ¢
Result(1).
15. Call the [[Put]] method ofwith Alength and Result(14) as arguments.
16. ReturrA.
17.If p eqpals Result(5){retumm
18. Complite a stringwalue equal to the substring of Result(1), consisting of the single character gp.position
19. Call the [[Put}}-method ok with Allength  and Result(18) as arguments.
20. Increap@ by\I:
21.Go to tep, 17.
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NOTE The split  function is intentionally generic; it does not require that its this  value be a string object. Therefore, it can
be transferred to other kinds of objects for use as a method.

15.5.4.9 String.prototype.substring(start)

Returns a substring of the result of converting this object to a string, starting from character giagtteEnmd running to the
end of the string. The result is a string value, not a string object.

If the argument i?NaN or negative, it is replaced with zero; if the argument is larger than the length of the string, it is replaced
with the length of the string.

When thesubstring  method is called with one argumestart, the following steps are taken:
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Call ToString, giving it théhis  value as its argument.

Call Tolntegegtart).

Compute the number of characters in Result(1).

Compute min(max(Result(2), 0), Result(3)).

Return a string whose length is the difference between Result(3) and Result(4), containing characters from Result(1),
namely the characters with indices Result(4) through Restdt(8) ascending order.

PP PR

15.5.4.10 String.prototype.substring(start, end)

Returnga subsiring of the result of converting this Object 10 a string, startng from character pasitand running to, but
not incliding, character positi@ndof the string. The result is a string value, not a string object.

If eithef argument i?NaN or negative, it is replaced with zero; if either argument is larger than thelengthl of the string, it is
replaced with the length of the string.

If startig larger tharend they are swapped.
When thesubstring  method is called with two argumerstsrt andend the following steps are taken:

Call| ToString, giving it théhis  value as its argument.
Calll Tolntegegtart).

Call| Tolntegerénd.

Conmppute the number of characters in Result(1).
Conmpute min(max(Result(2), 0), Result(4)).
Conmpute min(max(Result(3), 0), Result(4)).
Compute min(Result(5), Result(6)).

Compute max(Result(5), Result(6)).

Retdirn a string whose length is the difference between Result(8) and Result(7), containing characters from Result(1),
namely the characters with indices Result(7) through Restdt(8) ascending order.

CoNokr~wWDE

NOTE [The substring  function is intentionally generic; it does not require that its this  value be a string object. Therefore, it
can be tfansferred to other kinds of objects for use as a method.

15.5.4.11 String.prototype.toLowerCase

Returng a string equal in length to the length-of the result of converting this object to a string. The result is a strimgt \zalu
string opject.

Every gharacter of the result is equal'to the corresponding character of the string, unless that character has a Unicode
lowercgse equivalent, in which case the lowercase equivalent is used instead. (The canonical Unicode 2.0 case mapping
be used, which does not depend -on implementation or locale.)

Note that thetoLowerCase \-function is intentionally generic; it does not require thathts value be a string object.
Therefqre, it can be transferred to other kinds of objects for use as a method.

15.5.4.12 String.prototype.toUpperCase
Returng a string-equal in length to the length of the result of converting this object to a string. The result is a strimgf zalu
string opject.

Every ¢haracter of the result is equal to the corresponding character of the string, unless that character has a Unicode
uppercase equivalent, in which case the uppercase equivalent is used instead. (The canonical Unicode 2.0 case mapping
be used, which does not depend on implementation or locale.)

Note that thetoUpperCase function is intentionally generic; it does not require thathis value be a string object.
Therefore, it can be transferred to other kinds of objects for use as a method.

15.5.5 Properties of String Instances
String instances inherit properties from the String prototype object and also have a [[Value]] propetgngtid aproperty.

The [[Value]] property is the string value represented by this string object.

15.5.5.1 length
The number of characters in the String value represented by this string object.
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Once a string object is created, this property is unchanging. It has the attributes { DontEnum, DontDelete, ReadOnly }.

15.6 Boolean Objects

15.6.1 The Boolean Constructor Called as a Function

WhenBoolean is called as a function rather than as a constructor, it performs a type conversion.
15.6.1.1 Boolean(value)

Returns a Boolean value (not a boolean object) computed by ToBoolean(value).

15.6.1.2 Boolean()

Returndalse

15.6.2 Th¢ Boolean Constructor
WhenBoolean is called as part of ew expression, it is a constructor: it initialises the newly created object.

15.6.2.1 new Boolean(value)

The [[Profotype]] property of the newly constructed object is set to the original Boolean prototype object, the one that is the
initial valug ofBoolean.prototype (15.6.3.1).

The [[Clags]] property of the newly constructed boolean object is $8btlean”

The [[Valye]] property of the newly constructed boolean object is set to ToBoolean(value).

The [[Prototype]] property of the newly constructed object is set tothe original Boolean prototype object, the one that is the
initial valug ofBoolean.prototype (15.6.3.1).

The [[Clags]] property of the newly constructed boolean object'is $8btalean”
The [[Valde]] property of the newly constructed boolean abject is Sats®

15.6.3 Prqperties of the Boolean Constructor

The value|of the internal [[Prototype]] property ofithe Boolean constructor is the Function prototype object.
Besides the internal [[Call]] and [[Construct]] ptoperties andeéhgth property, the Boolean constructor has the following
property:
15.6.3.1 Boolean.prototype

The initial|value oBoolean.prototype is the built-in Boolean prototype object (15.6.4).
This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.6.4 Prqperties of the BOolean Prototype Object

The Booldan prototype_@bject is itself a boolean object (its [[Clas®¥pislean” ) whose value ifalse

The value|of the internal [[Prototype]] property of the Boolean prototype object is the Object prototype object (15.2.3.1).

In following déscriptions of functions that are properties of the Boolean prototype object, the phrase “thi$ boolean object”
refers to the-object that is thieis  value for the invocation of the function; it is a runtime errdghig does not refer to an

object for which the value of the internal [[Class]] propertiBeolean” . Also, the phrase “this boolean value” refers to the
boolean value represented by this boolean object, that is, the value of the internal [[Value]] property of this boolean object.

15.6.4.1 Boolean.prototype.constructor
The initial value oBoolean.prototype.constructor is the built-inBoolean constructor.

15.6.4.2 Boolean.prototype.toString()

If this boolean value ifrue, then the stringtrue" is returned. Otherwise, this boolean value mudialse, and the string
"false" is returned.

ThetoString  function is not generic; it generates a runtime error ithiis value is not a boolean object. Therefore, it
cannot be transferred to other kinds of objects for use as a method.
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15.6.4.3 Boolean.prototype.valueOf()
Returns this boolean value.

The valueOf function is not generic; it generates a runtime error ifthis value is not a boolean object. Therefore, it
cannot be transferred to other kinds of objects for use as a method.

15.6.5 Properties of Boolean Instances
Boolean instances have no special properties beyond those inherited from the Boolean prototype object.

15.7 Nymber Objects
15.7.1 The Number Constructor Called as a Function

WhenNumber is called as a function rather than as a constructor, it performs a type conversion,
15.7.1.1 Number(value)
Returng a number value (not a Number object) computed by ToNumber(value).

15.7.1.2 Number()
Returng+0.

15.7.2 The Number Constructor
WhenNumber is called as part of mew expression, it is a constructor: it injtidlises the newly created object.

15.7.2.1 new Number(value)

The [[Prototype]] property of the newly constructed object is set«g_the original Number prototype object, the one that is tf
initial value ofNumber.prototype (15.7.3.1).

The [[Class]] property of the newly constructed object is séiltonber" .
The [[Vplue]] property of the newly constructed object is'set to ToONumber(value).

15.7.2.2 new Number()

The [[Prototype]] property of the newly constructed object is set to the original Number prototype object, the one that is t
initial value ofNumber.prototype (15.7.3.2).

The [[Class]] property of the newly constructed object is s&tltonber” .
The [[Vplue]] property of the newly censtructed object is setlto

15.7.3 PProperties of the Number ‘€onstructor

The value of the internal [[Prototype]] property of the Number constructor is the Function prototype object
Beside$ the internal [[Call]} and [[Construct]] properties andehgth  property, the Number constructor hap the following
property:
15.7.3.1 Numberprototype

The inilal value.oNumber.prototype is the built-in Number prototype object ().

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.7.3.2 Number.MAX_VALUE

The value ofNumber.MAX_VALUE is the largest positive finite value of the number type, which is approximately
1,7976931348623157e308

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.

15.7.3.3 Number.MIN_VALUE

The value ofNumber.MIN_VALUE is the smallest positive nonzero value of the number type, which is approximately
5e-324 .

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.
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15.7.3.4 Number.NaN

The value

oNumber.NaN is NaN.

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.
15.7.3.5 Number.NEGATIVE_INFINITY

The value

oNumber.NEGATIVE_INFINITY is —co.

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.
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The Math

object is merely a single object that has some named properties, some of which are functions.

The value

of the internal [[Prototype]] property of the Math object is the Object prototype object (15.2.3.1).

The Math object does not have a [[Construct]] property; it is not possible to use the Math object as a constructaremith the

operator.
The Math

object does not have a [[Call]] property; it is not possible to invoke the Math object as a function.

NOTE In this specification, the phrase “the number value for X" has a technical meaning defined in 8.5.

15.8.1 Value Properties of the Math Object
158.1.1E
The number value fag, the base of the natural logarithms, which is approximat&l{82818284590452354
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