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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form th
specialized system for worldwide standardization. National bodies that are members of 1SO or IEC participate in t
developmerft of International Standards through technical commitiees establiSned by the respeciivé organization to deal v
particular figlds of technical activity. ISO and IEC technical committees collaborate in fields)ef| mutual interest. Othe
international organizations, governmental and non-governmental, in liaison with ISO and IECalso tgke part in the work.

In the field |of information technology, 1SO and IEC have established a joint technical-cammittee} ISO/IEC JTC 1. Dralf
International Standards adopted by the joint technical committee are circulated to national’bodies fof voting. 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, ynder a special “fast-tre
procedure”,|by Joint Technical Committee ISO/IEC JT@nfigrmation technologyin“parallel with its approval by national
bodies of ISO and IEC.
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Information technology - ECMAScript language specification

1 Scope
This Standard defines the ECMAScript scripting language.

2 Conformance

A conforming implementation of ECMAScript must provide and support all the types, values, objec
and program syntax described in this specification.

ts, properties, function:

A conforming implementation of this International Standard shall interpret characters in conforni
Standard,
adopted ISQ/IEC 10646-1 subset is not otherwise specified, it is presumed to be the BMP subset, co

A conformig implementation of ECMAScript is permitted to provide additional types{ovalues, ¢
functions bgyond those described in this specification. In particular, a conforming implemeéntation of
to provide properties not described in this specification, and values for those properties, for objects

ance with the Unicod

ersion 2.0, and ISO/IEC 10646-1 with UCS-2 as the adopted encoding form, implementation level 3. If tf

lection 300.

bjects, properties, anc
FCMASCcript is permitte
that are debgsibed in-

specification).

A conforming implementation of ECMAScript is permitted to support program'syntax not described|in this specification. Ir
particular, alconforming implementation of ECMAScript is permitted to support program syntax that makes use of the “futur
reserved wqrds” listed in 7.4.3.

3 Normative References

The followir]g standards contain provisions which, through reference in this text, constitute provisi
Standard. the time of publication, the editions indicatet \were valid. All standards are subject td
agreements|based on this International Standard are encouraged to investigate the possibility of apply
of the standards indicated below. Members of IEC and 1SO maintain registers of currently valid Internat

ons of this Internation:

revision, and parties
ing the mosbnscent edi
onal Standards.

ISO/IEC 9899:1990Programming languages — C:

ISO/IEC 10646-1:1993 Information technology — Universal Multiple-Octet Coded Character Spt (UCS) — Part 1:
Architecturel and Basic Multilingual Plane:

ISO/IEC 646:1991Information technolegy-— ISO 7-bit coded character set for information interchangg.

Unicode Ind. (1996), The Unicode Standard™, Version 2.0. ISBN: 0-201-48345-9, Addison-Wesley Publishing Co., Menl
Park, Califofnia.

ANSI/IEEE |Std 754-1985: \EEE Standard for Binary Floating-Point Arithmetic. Institute of Eledtrical and Electronics

Engineers, New York (1985).

4 Overview

This clause [contains a non-normative overview of the ECMAScript language.

ECMAScriptTis—arm object-orented—prograrmming fanguage for performng computations armdTmanipulating computation:

objects 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.


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

ISO/IEC 16262:1998 (E) O ISO/IEC

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 Proceedings, pp. 227-241,
Orlando, FL,

4.1 Web Scripting

Ttober 1987

A web browsegr provides an ECMAScript host environment for client-side computation including, for
represent windqows, menus, pop-ups, dialog boxes, text areas, anchors, frames, history, cooki€s, and
host environment provides a means to attach scripting code to events such as changelof focus, f
unloading, errgr and abort, selection, form submission, and mouse actions. Scripting Cede appears w|
displayed page is a combination of user interface elements and fixed and computed text and image
reactive to user interaction and there is no need for a main program.

rovides a different host environment for server-side computation-including objects repres
mechanisms to lock and share data. By using browser-side“and server side scripting
utation between the client and server while providing a customised user interface for a We

A web server
and files; and
distribute comg

Each Web brd
execution envi

wser and server that supports ECMAScript supplies_jits own host environment, compl
fonment.
e Overview

5 an informal overview of ECMAScript—nof all parts of the language are described. This
proper.

4.2 Languagge

The following i
of the standard

ECMASCcript is
cluster of con
attributeswhicr!l:
true, any atte

that hold othe
Undefined, Nul|, Boolean Number, andString; an object is a member of the remaining built-in t@igect; an
a function ass@ciated with an objectwia a property.

ECMAScript defines a collection’ dfuilt-in objectswhich round out the definition of ECMAScript entitie
objects includ¢ th&lobal ebject, theObject object, theFunction object, theArray object, theString object
object, theNumber object; theMath object, and th®ate object.

object-based: basic language and host facilities are provided by objects, and an EC
municating objects. An ECMAScripbject is an unordered collection gfropertieseach wj
determine how each property,.can be used—for example, when the ReadOnly attribute
pt by executed ECMAScript.eode to change the value of the property has no effect. H

ECMAScript also defines a set of built-operatorsthat may not be, strictly speaking, functions or meth

nstance, objects that

nput/output. Further, tt
age and image loadin
thin the HTML and the
s. The scripting code |

enting requests, clients
ogether it is possible 1
b-based application.

eting the ECMAScript

overview is not part

MAScript program is a
th O or more

for a property is set to
roperties are containel

objectgrimitive values orrnethods A primitive value is a member of one of the following built-in types:

d a method is

5. These built-in
, theBoolean

ods. ECMAScript
ft operators, relational

operators inclyde various unary operations, multiplicative operators, additive operators, bitwise shi
operators, equéli i itwi i i i

I the comma operator

ECMAScript syntax intentionally resembles Java syntax. ECMAScript syntax is relaxed to enable it to serve 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 constru
has aPrototype property that is used to implemgmrbtotype-based inheritancandshared propertiesObjects
using constructors inew expressions; for examplagw String("A String")

ctors. Bactorconstr
are created by

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

In a class-based object-oriented language, in general, state is carried by instances, methods are carried by classes
inheritance is only of structure and behaviour. In ECMAScript, the state and methods are carried by objects, and structt

behaViOUr, ne-state-are-alHnherited:

All objects that do not directly contain a particular property that their prototype contains share that pfoperty and Tisevalue.
following diggram illustrates this:

4
E A IIIIITI.IIIIIIIIIITII>
“.aunnd CF : implicitprototype link
prototype > CF :
o1 CFp1
p2 explicit prototype link
: . cr : lcr2 CF3 cra| i crs ...l
q1 g1 q1 q1 q1
q2 q2 g2 q2 q2

CF is a congtructor (and also an object). Five objects have been created by using new expressions: CF1, CF2, CF3, CF4,
CF5. Each|of these objects contains properties named gl and g2. The dashed lines represent the implicit protot
relationship] so, for example, CF3’s prototype is CFp. The constructor, CF, has two properties itself,, named p1 and p2, whi
are not visifjle to Ckp,-CF1, CF2, CF3, CF4, or CF5. The property named CFpl in CFp is shared by |CF1, CF2, CF3, CF4, ¢
CF5, as are|any/preperties found in CFp’s implicit prototype chain which are not named g1, q2, or CFp1l. Notice that there
no implicit pyatotype link between CFp and CF.

Unlike class-based object languages, properties can be added to objects dynamically by assigning values to them. Tha
constructors are not required to name or assign values to all or any of the constructed object's properties. 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 Prototype

A prototypeis an object used to implement structure, state, and behaviour inheritance in ECMAScript. When a constructor
creates an objgct, that object implicitly references the constructor’s associated prototype for the purpose of resoltyng proper
constructor’s associated prototype can be referenced by the program ezpnessictor 0y~ prototype
and properties|added to an object’s prototype are shared, through inheritance, by all objects sharing the¢ prototype.

4.3.6 Native olpject

A native objegtis any object supplied by an ECMAScript implementation independent(of*the host efvironment. Standard
native objects pre defined in this specification. Some native objects are built-in; others may be constructed during die course
execution of ap ECMAScript program.

4.3.7 Built-in opject

A built-in objeg¢tis any object supplied by an ECMAScript implementation\independent of the host epvironment, which is
present at the start of the execution of an ECMAScript program. Standard, built-in objects are defined if this specification, an
the ECMAScript implementation may specify and define others. Every built-in object is a native object.

4.3.8 Host object
any object supplied by the host environment tercomplete the execution environment [of ECMAScript. Any

ned has exactly one value, calladdefined.
4.3.11 Null vallie
Thenull value is a primitive value that represents the null, empty, or non-existent reference.

4.3.12 Null typ
The typeNull has exactly onewalue, calladll.

]

4.3.13 Boolean value
A boolean valyds a member of the ty@@ooleanand is one of two unique valugsje andfalse
4.3.14 Boolea

The typeBoole i i i X i —Ome TStTEtE d 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 typeString 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
by using the String constructor in a new expression, supplying a string as an argument. The resulting object has an impl
(unnamed) property that is the string. A string object can be coerced to a string value. A string object can be used anywhe

string value

4.3.19 Num

A number valueis a member of the tygdumber and is a direct representation of a number.

4.3.20 Num

is expected.

per value

ber type

The typeNuinber is a set of values representing numbers. In ECMAScript the set of values represent
bit format 15

the double-precision 6
EE 754 values including the special “Not-a-Number” (NaN) values, positive infinity, and negative infinity.

4.3.21 Number object

A number opjectis a member of the tyg@bject and is an instance of the built:in Number object. That |s, a number object is
created by ysing the Number constructor in a new expression, supplying a number as an argument.|The resulting object he
implicit (unnamed) property that is the number. A number object can be coerced to a number valug. A number object can
used anywhere a number value is expected. Note that a number ‘object can have shared propetities by adding them t
Number profotype.

4.3.22 Infinity

The primitive valudnfinity represents the positive infinitexaumber value.

4.3.23 NaN

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

5 Notationjal Conventions

5.1 Syntactic and Lexical Grammars

This clause|describes the context-free grammars used in this specification to define the lexical anfl syntactic structure of
ECMAScript program.

5.1.1 Contekt-Free Grammars

A context-free grammagonsists of a number gfoductions Each production has an abstract symbol cdlladraerminalas

its left-hand
the terminal

sideand.a’sequence of one or more nonterminatt@madinal symbols as itsight-hand side Fo
symbals are drawn from a specified alphabet.

r each grammar,

Starting fro ) , given context-free
grammar specmes Emnguage namely, the (perhaps |nf|n|te) set of possible sequences of termlnal symbols that can resul
from repeatedly replacing any nonterminal in the sequence with a right-hand side of a production for which the nonterminal
the left-hand side.

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.

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,

Productions of

which becomes part of the stream of input elements for the syntactic grammar.

the lexical grammar are distinguished by having two caloris$ 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 appe

ars in clause 9.3.1.

Productions of|

5.1.4 The synt

Thesyntactic g
by the lexical
Program that ¢

When a streatn of Unicode characters is to be parsed as an ECMAScript program, it is first convert

elements by re
the syntax gra|
single instance

Productions of]

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

hctic grammar

rammafor ECMAScript is given in clauses 11, 12, 13, and 14. This grammar has ECMA
grammar as its terminal symbols (see 5.1.2). It defines a set of productiens, starting
escribe how sequences of tokens can form syntactically correct ECMAScript‘programs.

peated application of the lexical grammar; this stream of input elem€nts is then parsed K
mmar. The program is syntactically in error if the tokens in the(Stream of input element
of the goal nontermiRabgram with no tokens left over.

the syntactic grammar are distinguished by having just ong)cbmpunctuation.

Script tokens defined
from the goal symbol

bd to a stream of inpu
y a single dpplication c
5 cannot be parsed as

The syntactic grammar as presented in clauses 11, 12, 13, and 144sactually not a complete account ¢f which token sequenc

are accepted §
be described I
characters). F
terminator cha|

5.1.5 Grammaf Notation

Terminal symk
in fixed width
refers to such

Nonterminal s\
being defined
One or more
definition:

WithSta]

W

states that thg

s correct ECMAScript programs. Certain additionaloken sequences are also accepted,
y the grammar if only semicolons were added tethe sequence in certain places (such
rthermore, certain token sequences that are“described by the grammar are not cd
facter appears in certain “awkward” places:

namely, those that wol
as before line terminat
nsidered acceptable if

ols of the lexical and string grammats, and some of the terminal symbols of the syntactic grammar, are showr

font, both in the productions:of’the grammars and throughout this specification wher
b terminal symbol. These are-tg-appear in a program exactly as written.

mbols are shownialic type. The definition of a nonterminal is introduced by the name
followed by one or mgre.colons. (The number of colons indicates to which grammar th
Alternative right-hand;sides for the nonterminal then follow on succeeding lines. For

ement

th ( Expfession) Statement

nentermin@lithStatementepresents the tokemith , followed by a left parenthesis token

ever the text directly

of the nonterminal
e production belongs.)
bxample, the syntactic

followed by an

Expressionfoll

pwed by a right parenthesis token, followed bStatementThe occurrences dxpressionrand

Statemenare

themselves no

nterminals. As another example, the syntactic definition:

ArgumentList

AssignmentExpression

A

rgumentList  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

and that:

IteratjonStatement

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

is a convenigent abbreviation for:
IteratjonStatement
for (; Expressiop,; Expressio,) Statement
for ( Expressionn  Expressiop,; Expressiop,) Statement

which in tur is an abbreviation for:

IteratfonStatement
for (;; Expressiop),) Statement
for (; Expressionn  Expressiop,) Statement
for ( Expression ; Expressiop,) Statement

for ( Expressionn  Expressionn  Expressiop),) Statement

which in tur is an abbreviation for:

IteratfonStatement
for(;;) Statement
for (;; Expression) )'Statement
for (; Expressioq ) Statement
for (; Expressiony Expression) Statement
for ( Expression ;) Statement
for ( Expression ; Expression) Statement

for ( EXxpression  Expression ) Statement
for ( Expression Expressionn Expressior) Statement

so the nontgrmindterationStatemerdctually has eight alternative right-hand sides.

If the phrase [ho LineTerminatorhere] appears in the right-hand side of a production of the syntactic grammar, it indicates that
the production is restricted productionit may not be used if RineTerminatoroccurs 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.


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

ISO/IEC 16262:1998 (E)

O ISO/IEC

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 the production:

ZeroToThree: one of

0 1 2 3
which is merely a convenient abbreviation for:
ZeroToThree:
0
1
2
3

When an alter
token, it repreg

The right-hang
then indicating

hative in a production of the lexical grammar or the numeric string grammar, lappears
ents the sequence of characters that would make up such a token.

side of a production may specify that certain expansions are not permitted by using th
the expansions to be excluded. For example, the production:

Identifief ::

g

means that th
provided that t

entifierNamebut not ReservedWord

he same sequence of characters could not regsesedWord

Finally, a few ponterminal symbols are described by a descriptive* phrase in roman type in cases wherg

to list all the al
Source(

al

5.2 Algorithm

The specificati
practice, there

ernatives:
Character:

ny Unicode character

Conventions

bn often uses a numbered list o specify steps in an algorithm. These algorithms are use
may be more efficient algorithms available to implement a given feature.

When an algofithm is to produce a Vialue as a result, the directive “return x” is used to indicate that the

is the value of
Type(X) is use

Mathematical
defined later i
numbers, whi
Algorithms in t

X and that the algorithm should terminate. The notation Result(n) is used as shorthand f
| as shorthand for f'the type of x".

h this clause should always be understood as computing exact mathematical result
h dos=not include infinities and do not include a negative zero that is distinguishe
nis/standard that model floating-point arithmetic include explicit steps, where necessary,

signed zero ai

to be a multicharactel

buthrateahd

e nonterminkdentifier may be replaced by any sequence of characters that could régpdmtifierName

it would be impractica

0 to clarify lsemantics.

result oftihre algori
br “the result of step

pperationsstich as addition, subtraction, negation, multiplication, division, and the nmpathematical functions

5 on mathematical rec
I from positive zero.
to handleanéinities

bint number, it should

d\te’perform rounding. If a mathematical operation or function is applied to a floating-p

be understood as being applied to the exact mathematical value represented by that floating-point number; such a floating
point number must be finite, and if it+8 or =0 then the corresponding mathematical value is simply O.

The mathematical function ab¥(ields the absolute value »f which is—x if x is negative (less than zero) and otherwise is

itself.

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

The notation X moduloy” (y must be finite and nonzero) computes a v&lwé the same sign gssuch that abgj < absy)
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).
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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.

SourceCharacter.

any Unicode character

Except with

Unicode characters (that is, the first half of row zero). Other Unicode characters may appearanly w

literals. In g
characters f
is effectively
the string vg

Although th¢ characters in an ECMAScript program are Unicode characters, they are treated as ind¢

none of the
The Unicod

terms “charqcter” and “code point” are understood to mean “coded character data element”.

NOTE ECM
program, if th
terminator (U
Unicode esca
which is not
value of a s
interpreted a
within a strin
interpreted as

7 Lexical (

The source
terminators,
sequence 0

Syntax

n comments and string literals, every ECMAScript program shall consist of only-chara

tring literals, any Unicode character may also be expressed as a Unicode escape
om the first 128 characters, narhelylus four hexadecimal digits. Within a comment, suc
ignored as part of the comment. Within a string literal, the Unicode escape’ sequence ¢
lue of the literal.

context-dependent interpretation specified in the Unicode standard. Such values are
e standard refers to code points as “coded character data ‘elements”. Throughout this

AScript differs from the Java programming language in the\behaviour of Unicode escape sequd
e Unicode escape sequence \uOOOA , for example, occtrs Within a single-line comment, it is inte
nicode character 000A is line feed) and therefore thé\next character is not part of the comment
pe sequence \UOOOA occurs within a string literal in\a’Java program, it is likewise interpreted as
hllowed within a string literal—one must write \n.\dnstead of \UOOOA to cause a line feed to be
tring literal. In an ECMAScript program, a, Unicode escape sequence occurring within a co
hd therefore cannot contribute to termination’ of the comment. Similarly, a Unicode escape seq
h literal in an ECMAScript program always contributes a character to the string value of the litg
a line terminator or as a quote mark-that might terminate the string literal.

Conventions

text of an ECMAScript\program is first converted into a sequence of input elements, wh
comments, or white ‘space. The source text is scanned from left to right, repeatedly t
characters as the' next input element.

InputEleme

WhitgSpace

Line Tlernirator

t:

\icters from the first 12
thin comments and str
bequence consisting o
1 an escape sequence
bntributes oneocharacte

pendent 16-bit values
bften called “code poin
International standard

nces. In a Java
preted as a line
Similarly, if the
line terminator,

Iart of the string

mment is never
uence occurring
ral and is never

ich are either tokens, |i
hking the longest poss

Comment
Token

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 followin

g characters are considered to be white space:
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Syntax
WhiteSpace:

Unicode Value Name Formal Name
\u0009 Tab <TAB>
\u000B Vertical Tab <VT>
\u000C Form Feed <FF>
\u0020 Space <SP>

O ISO/IEC

<TAB>
<VT>
<FF>
<SP>

7.2 Line Ternmpinators
Like whitespa¢

e characters, line terminator characters are used to improve seufee text readability

and to separate toker

(indivisible lexical units) from each other. However, unlike whitespace characters, line terminators have some influence over
the behaviour [of the syntactic grammar. In general, line terminators may occur between any two tokens, but there are a fev
places where they are forbidden by the syntactic grammar. A line terminator'cannot occur within any tgken, not even a string.

Line terminato

The following

Syntax

LineTerminatof::

<LF>
<CR>

7.3 Commen
Description

Comments ca

Because a sinple-line comment can contaln any character exbmmTzermmatorcharacter and because o
that a token islalw

haracters are considered to be line terminators:

s also affect the process of automatic semicolon insertion'(see 7.8).

Unicode Value Name \(\Q : Formal Name
X

\uOOOA Linekeed <LF>

\u000D Carriage Return <CR>

be either'single or multi-line. Multi-line comments cannot nest.

the general rule
matker to the

end of the line. However, thﬂneTermlnatorat the end of the line is not considered to be part of the single-line comment; it is

recognised separately by the lexical grammar and becomes part of the stream of input elements for 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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MultiLineComment:

¥ MultiLineCommentChayg*/

MultiLineCommentChars

MultiLineNotAsteriskChar MultiLineCommentChars
* PostAsteriskCommentChgys

PostAsteriskCommentChars

ISO/IEC 16262:1998 (E)

Multl:. ;I IUI’\‘IIUtrUI vval ds:aoho| ADtCI |olr\Chou rv':u:tll_n ICCUI LLLLRA>A] Itclgbgl =)
* PogtAsteriskCommentChgrs
MultiLineNo}AsteriskChar:
SourgeCharactebut not asterisk*
MultiLineNofForwardSlashOrAsteriskChar
SourgeCharactebut neither forward-slastY nor asterisk*
SingleLineJomment
/I SingleLineCommentChays
SingleLineJommentChars
Singl¢LineCommentChar SingleLineCommentChars
SingleLineJommentChar
SourgeCharactebut not LineTerminator
7.4 Tokens
Syntax
Token::
ResefvedWord
Identifier
Punciuator
NumericLiteral
StringLiteral
7.4.1 Reseryed Words
Description
Reserved words 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
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Syntax

Keyword:: one of
break for new
continue function return
delete if this
else in typeof

7.4.3 Future Reserved Words

var

void

while
with

O ISO/IEC

The following vords are used as keywords in proposed extensions and are therefore reserved to all

future adoptior

of those extensions.

Syntax

FutureReservgdWord one of
apstract do import
bpolean double instanceof
byte enum int
case export interface
catch extends
char final
cllass finally
copnst float
debugger goto
default implements

7.5 |dentifiers
Description

An identifier i a character sequence of unlimited length, where each character in the sequence mu
digit, an unddrscore_§ character, or a dollar sigr$) character, and the first character may not bé
ECMAScript identifiers are case sensitive) identifiers whose characters differ in any way, even if only i
to be distinct. The dollar sigi$) character is intended for use only in mechanically generated code.

Syntax

Identifier ::

IdentifiefNamebut not ReservedWord

IdentifierNamg:

short
static
super
switch
synchronized
throw
throws
transient
try
volatile

pw for the possibility o

5t be a letter, a decim
e a decimal digit.
h case, are considered

Identifiek-etter
IdentifierName IdentifierLetter
IdentifierName DecimalDigit

IdentifierLetter:: one of

abcdefghijklmmnopodyg
ABCDEFGHIJIJKLMNOPQRSTUVWXYZ

$

DecimalDigit:: one of
0123456173829

12

stuvwxXxyz
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7.6 Punctu
Syntax

ators

Punctuator:: one of

7.7 Literalg

Syntax

Literal ::
NullL

ISO/IEC 16262:1998 (E)

teral

BooldanLiteral
NumericLiteral
StringLiteral

7.7.1 Null Li
Syntax

NullLiteral :
null

Semantics

The value o

ferals

7.7.2 Boolean Literals

Syntax

BooleanLite

ral::

true

the null literaiull

is the sole value of the Null type, namaiyll.

false

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
Syntax
NumericLiteral

Decimal

Literals

Literal

HexIntegerLiteral
OctallntegerLiteral

DecimallLiteral::

Decima
. Decin

IntegerLiteral DecimalDigits, ExponentParf,
alDigits ExponentPaft

DecimalintegerLiteral ExponentPgjt

Decimalintege
0

Literal:

NonZer¢Digit DecimalDigits,

DecimalDigits:
Decima
Decima

NonZeroDigit::
1

ExponentPart:

Expone

Exponentindic
eE

Signedinteger:

Decimal
+ Decim
- Decim
HexIntegerLite
0Ox Hexll

Digit
Digits DecimalDigit
one of
2 3 4 5 6

htindicator Signedinteger

htor: one of

Digits
alDigits
alDigits
rat:

Digit

OX HexTl

Digit

HexIntegerLiteral HexDigit

HexDigit:: one

01 2 3 456 7 8 9 abc de

of

OctallntegerLiteral:

0 OctalDigit
OctallntegerLiteral OctalDigit

OctalDigit :: one of

0

14

1 2 3 4

A B C D E F

O ISO/IEC
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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 MV of NumericLiteral::
The MV of NumericLiteral::

DecimallLiteralis the MV ofDecimalLiteral

HexIntegerLiteralis the MV ofHexIntegerLiteral

The MV
The MV

The MV
Decimalll

The MV
eis the N

The MV
plus (the
MV of Ex

Df NumericLiteral:: OctallntegerLiteralis the MV ofOctallntegerLiteral.

Df DecimalLiteral:: DecimallntegerLiteral is the MV ofDecimalintegerLiteral

bf DecimalLiteral::
Digitstimes 107), wheren is the number of charactersbecimalDigits

bf DecimalLiteral:: DecimalintegerLiteral ExponentParis the MV ofDécimalintegerLiteral
IV of ExponentPart.

of DecimalLiteral:: DecimallntegerLiteral. DecimalDigits ExponentPaiis (the MV of Decin
MV ofDecimalDigitstimes 10@") times 10, wheren is the numbér of characters recimalD
ponentPart.

DecimalintegerLiteral DecimalDigitsis the MV of DecimallntegerLiteraplus (the MV of

imes 16, where

hallntegerLiteral
gitsande is the

The MV pf DecimalLiterd ::. DecimalDigitsis the MV ofDecimalDigitstimes 10", wheren is the nunmber of characters
in DecimplDigit.

The MV pf DecimalLiteral::. DecimalDigits ExponentPai$'the MV of DecimalDigitstimes 10", whergn is the number
of charagters iDecimalDigis ande is the MV ofExponentPart

The MV pfDecimalLiteral:: DecimallntegerLiteraisithe MV ofDecimalintegerLiteral

The MV pf DecimalLiteral:: DecimalintegerLiteral ExponentPai$ the MV of DecimallntegerLiteratimes 16, wheree

is the MY ofExponentPart

The MV

The MV
Decimalll

The MV

The MV
Decimalll

The MV

pf DecimalintegerLiterat: 0.is©:

pf DecimallntegerLiterat: NonZeroDigit DecimalDigitss (the MV of NonZeroDigittimes 10)
Digits wheren is the number of charactersDecimalDigits

pf DecimalDigitsy” DecimalDigitis the MV ofDecimalDigit

of DecimalDigits :: DecimalDigits DecimalDigitis (the MV of DecimalDigits times 10)
Digit

Df ExponentPart: Exponentindicator Signedintegisrthe MV ofSignedinteger

plus the MV of

plus the MV of

The MV

pf.Signedinteger: DecimalDigitsis the MV ofDecimalDigits

The MV of Signedinteger. + DecimalDigitsis the MV of DecimalDigits.

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

The MV of DecimalDigit
The MV of DecimalDigit
The MV of DecimalDigit
The MV of DecimalDigit
The MV of DecimalDigit
The MV of DecimalDigit
The MV of DecimalDigit

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

> 1 or of NonZeroDigit:: 1 or of HexDigit:: 1 or of OctalDigit:: 1 is 1.

:: 2 or of NonZeroDigit:: 2 or of HexDigit:: 2 or of OctalDigit:: 2 is 2.

:» 3 or of NonZeroDigit
:: 4 or of NonZeroDigit
:: 5 or of NonZeroDigit
:: 6 or of NonZeroDigit

.. 3 orof HexDigit::
.. 4 or of HexDigit ::
.. 5 or of HexDigit ::
:: 6 or of HexDigit ::

3 or of OctalDigit ::
4 or of OctalDigit ::
5 or of OctalDigit ::
6 or of OctalDigit ::

3is 3.
4is 4.
5is 5.
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 MV of HexDigit:: ¢ or of HexDigit:: Cis 12.

* The MV of ifexbigit=—d-orofHexbigit—Dis 13-
e The MV of lHexDigit:: e or of HexDigit:: E is 14.
¢ The MV of HexDigit:: f or of HexDigit:: Fis 15.
e The MV of HexIntegerLiterat: Ox HexDigitis the MV ofHexDigit
e The MV of HexIntegerLiteral: 0X HexDigitis the MV ofHexDigit.

 The MV of[HexIntegerLiteral:: HexIntegerLiteralHexDigit is (the MV of HexIntegerLiteraltimes 16) pjus the MV of
HexDigit

» The MV of QctallntegerLiteral:: 0 OctalDigit is the MV ofOctalDigit.

« The MV of DctallntegerLiteral:: OctallntegerLiteral OctalDigitis (the MV of OctallntegerLiteraltimes 8) plus the MV
of OctalDig|t.

Once the exagt MV for a numeric literal has been determined, it\s then rounded to a value of the Number type. If the MV is 0,
then the rounded value +®; otherwise, the rounded value mustthenumber value for the MV (in the sensg defined in 8.5),
unless the literjal is BecimalLiteraland the literal has morethan 20 significant digits, in which case the number value may be
either the numper value for the MV of a literal produced by replacing each significant digit after the 20t0 Wit ar the

number value |for the MV of a literal produced by geplacing each significant digit after the 20th @vitfigd and then
incrementing the literal at the 20th significant digitposition. A digiigmificantif it is not part of arExponentPartand

e itis not0; qr
e there is a npnzero digit to its left and/there is a nonzero digit, not Exff@nentPartto its right.

7.7.4 String Literals

A string literal |s zero or more characters enclosed in single or double quotes. Each character may be representedeby an escs
sequence.

Syntax
StringLiteral::
" DoubleStringCharacters”

S|ng| Qtring(“h:rar\tagper'
DoubleStringCharacters
DoubleStringCharacter DoubleStringCharactgrs

SingleStringCharacters
SingleStringCharacter SingleStringCharactgrs

DoubleStringCharacter:

SourceCharactebut not double-quoté or backslash or LineTerminator
EscapeSequence

16
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SingleString

SourceCharactebut not single-quoté or backslasi or LineTerminator

Character

EscapeSequence

EscapeSequence

CharacterEscapeSequence
OctalEscapeSequence
HexEscapeSequence
UnicodeEscapeSequence

ISO/IEC 16262:1998 (E)

CharacterE;
\ Sin
\ No

SingleEscay

NonEscape

Sourg

EscapeCha

Singl
Octal
X
u

HexEscape

x H

OctalEscap

\ Oc
\ Oc

\ Zer|

ZeroToThre

0

capeSequence
gleEscapeCharacter
nEscapeCharacter

eCharacter one of
" \ b f n

Character

eCharactebut not EscapeCharacteor LineTerminator

acter.

bEscapeCharacter
Digit

Sequence

exDigit HexDigit

bSequence
IDigit
IDigit OctalDigit
bToThree OctalDigit OctalDigit
b one of
1 2 3

UnicodeEscapeSequernce

\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 .

» The SV ofStringLiteral:: " is the empty character sequence.

17
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The SV ofStringLiteral:: " DoubleStringCharacters is the SV oDoubleStringCharacters
The SV ofStringLiteral:: ' SingleStringCharacters is the SV ofSingleStringCharacters

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.

The SV of SingleStringCharacters:: SingleStringCharacteris a sequence of one character, the CV of
SingleStringCharacter

The SV of SingleStringCharacters: SingleStringCharacterSingleStringCharacters is a sequenge’|of the CV of
SingleStringCharactefollowed by all the characters in the SVSihgleStringCharacters order.

The CV ofDoubleStringCharacter: SourceCharactebut not double-quote' or backslash @r lkineTerrpinator is the
SourceCharactecharacter itself.

The CV ofQoubleStringCharacter. EscapeSequendgthe CV of theEscapeSequence

The CV of BingleStringCharacter: SourceCharactebut not single-quote’ or backslash\ or LineTerminatoris the
SourceChafactecharacter itself.

The CV ofSingleStringCharacter. EscapeSequendgthe CV of th&escapeSequence.

The CV ofHscapeSequenceCharacterEscapeSequenisshe CV of theCharacterEscapeSequence
The CV ofHscapeSequenceOctalEscapeSequencethe CV of thgctalEscapeSequence.

The CV ofHscapeSequenceHexEscapeSequenizthe CV of.thdHexEscapeSequence

The CV ofHscapeSequenceUnicodeEscapeSequenisgthe-CV of theJnicodeEscapeSequence

The CV of|CharacterEscapeSequence\ SingleEscapeCharactes the Unicode character whose Unicode value is
determined|by th8ingleEscapeCharact@rccordingto the following table:

Escape Sequencc; :\Oﬁcode 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 '

\\ \u005C backslash \

The CV ofCharacterEscapeSequenca NonEscapeCharactéas the CV of theNonEscapeCharacter

The CV ofNonEscapeCharacter SourceCharactebut not EscapeCharacteor LineTerminatoris theSourceCharacter
character itself.

The CV ofHexEscapeSequence\lx 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

The MV of ZeroToThree

The MV of ZeroToThree: 0 is O.

:1lis 1.

of ZeroFoFhree2-is2

The MV

The CV
(4096 (tH
(16 times

NOTE A Li
cause a line
\uOQOA .

7.8 Automatic semicolon insertion

Certain ECN
statement, 4
in the sourg
These situa
situations.

7.8.1 Rules

When, a
any prod
automati

1.
2.

When, a
unable t
inserted

However, th
semicolon W

When, &

The offending token is separatéd from the previous token by at ledsihefi@rminator
The offending token is.

pf ZeroToThree: 3 is 3.

Df Unicod&scapeSequence\u HexDigit HexDigit HexDigit HexDigiis the Unicode charal
at is, 19 times the MV of the firsHexDigit) plus (256 (that is, THtimes the M\ of'the secq
the MV of the thirtlexDigit) plus the MV of the fourtlidexDigit

heTerminator character cannot appear in a string literal, even if preceded hy a backslash \ . Th
erminator character to be part of the string value of a string literal is to Use,an escape sequeng

/AScript statements (empty statement, variable statement, expression statamiaog st
nceturn  statement) must each be terminated with.a.semicolon. Such a semicolon may
e text. For convenience, however, such semicolons may be omitted from the source
ions are described by saying that semicolons areautomatically inserted into the source

of automatic semicolon insertion

5 the program is parsed from left to right, a token (calleaffdraing tokehis encountered tha
uction of the grammar and the parser is not currently parsing the header o$tatement, th
Cally inserted before the offending-token if one or more of the following conditions is true:

h parse the input‘token stream as a single complete ECMAB@@am then a semicolo
At the end of the'input stream.

ere is an _additional overriding condition on the preceding rules: a semicolon is never in
ould then_be parsed as an empty statement.

S the_program is parsed from left to right, a token is encountered that is allowed by
, but'the production igestricted productiorand the token would be the first token for a ter

gramma

cter whose code is
ndexDigif) plus

B correct way to
e such as\n or

htementbreak

always appear explicit
text in certain situatic
code token stream in t

t is not allowed by
en a semicolon is

5 the program is parsed from left to right, the end of the input stream of tokens is encuntered and the parse

n is automatically

berted automadically if t

some production of t
minal or nonterminal

immediately following the annotationnt LineTerminatorhere] within the restricted production (and therefore such a token
is called a restricted token), and the restricted token is separated from the previous token by atl@ssT enng@inator
then there are two cases:

3.
t

4. |

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

These are the only restricted productions in the grammar:

Postfi

XExpression

LeftHandSideExpressiofno LineTerminatotere] ++
LeftHandSideExpressiofno LineTerminatorhere] --

If the parser is not currently parsing the headerfof a statement, a semicolon is automatically inserted before
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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 next token is

encountered a semicolon is automatically inserted after the telen

The resulting practical advice to ECMAScript programmers is:

1. A postfix++ or-- operator should appear on the same line as its operand.
2. An[Expressiorin areturn  statement should start on the same line asethen  token,
7.8.2 Examplep of Automatic Semicolon Insertion
The source
{12}8

is not a valid sentence in the ECMAScript grammar, even with the automatic semicolon insertion rules. |In contrast, the source
{1
213

is also not a valid ECMAScript sentence, but is transformed by autematic semicolon insertion into the following:
{1
2313,

which is a valig ECMAScript sentence.

The source
for (a;|b
)

is not a valid HCMAScript sentence and is not altered by automatic semicolon insertion because the place where a semicolon
needed is within the header off@.. statement. Automatic semicolon insertion never occurs within the headefoof a

statement.

The source

return
a+b

is transformed|hy.automatic semicolon insertion into the following:

return;
a+hb;

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;

20
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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 production of the grammar applies at that point, because an automatically inserted semicolon would then be parsed a
empty statement

The source

b + ¢
e).print()

a=
(d+
is not transformed by automatic semicolon insertion, because the parenthesised expréssion that begins the second line ca
interpreted as an argument list for a function call:

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

In the circugnstance that an assignment statement must begin with a left‘parenthesis, it is a good idea for the programme

provide an gxplicit semicolon at the end of the preceding statement rather than to rely on automatic gemicolon insertion.
8 Types
A value is an entity that takes on one of nine types. There.are nine typesfihed, Null, Boolean String, Number,

Object, Reference List, and Completion). Values of typeReference List, and Completion are used only as intermediate

results of epression evaluation and cannot be stored to properties of objects.

8.1 The Undefined type

The Undefiped type has exactly one value, calladefined. Any variable that has not been assigne
Undefined.

d a value is of type

8.2 The NJlI type

The Null type has exactly one value, caltedl.

8.3 The Bdolean type

The Boolean type represents-a.logical entity having two values, tialeedndfalse

8.4 The Stiing type

The String type is the-set of all finite ordered sequences of zero or more Unicode characters (more properly referred to as ¢

points; see
nonnegative

Clause<6). Each character is regarded as occupying a position within the sequence. Thes
integers. The leftmost character (if any) is at position 0, the next character (if any) at

e positions arng identifie
osition 1, arttkso on. T

length of a [strihg is the number of distinct positions within it. The empty string has length zero apd therefore contains 1

characters.

8.5 The Number 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 program expressiordnfinity
has not been altered by program execution.)

Infinity

(or simply Infinity ) and-Infinity , assuming that the globally

O ISO/IEC

defined 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 18437736

184287296752
sOn®

wheresis +1 @

inclusive.

The remaining

sOn@

wheresis +1 o

Note that all th
(indeed, the in

A finite numbsg
above) is odd.

In this specifid
(which might e

of all finite valges of the Number type, wittd removed and with two additional values added to it that ar

in the Number

is closest in value ta. If two values of thelset are equally close, then the one with an even significar

purpose, the t
with +oo; if —2*
other chosen
behaviour of th

Some ECMAS
inclusive. Theg
See the descri

874454810622 (that 15,2 —2) finite nonzero values are of two kinds:
00069632 (that i§'-2>) of them are normalised, having the form

9007199254740990 (that i§;2) values are denormalized, having the form

-1, mis a positive integer less thafi, 2ande is -1074.

e positive and negative integers whose magnitudeJs.no greatet #ranr@resentable in t
eger 0 has two representatit@sand-0 ).

r has andd significandif it is nonzero and the, integen used to express it (in one of the 1
Otherwise, it hasaren significand

ation, the phrase “the number valuexfewhere x represents an exact nonzero real mat
ven be an irrational number suclmaseans a number value chosen in the following mann

97 Iy

type, namely’? (which is +12%2°) and-2"* (which is—1 (2% [2°). Choose the membg

vo extra value§*2and-2""*are considered to have even significands. Finally,"if ®as chd
* was chosen, replace.it witho; if +0 was chosen, replace it witt0 if and only ifx is less
value is used unchanged. The result is the number valugTais procedure correspond

e |IEEE 754 “round to nearest” mode.)

Cript operators deal only with integers in the ra@gahrough 2-1, inclusive, or in the range

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

r-1, mis a positive integer less thafi But not less than®2 ande is an integ€ranging from1074 to 971,

ne Number type
wo forms shown

hematical quantity
br. Consider the set
e not representable
r of this set that

d is chosen; for this
sen, replace it

than zero; any

s exactly to the

0 through-2,

e operafors accept any value of the Number type but first convert each such value t& megefr Zalues.
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8.6 The Object type
An Object is an unordered collection of propertieach property consists of a name, a value and a set of attributes.

8.6.1 Property attributes

ISO/IEC 16262:1998 (E)

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

will be

Attribute Description

ReadOnly The property is a read-only property. Attempts by ECMAScript code to write to the property
ignored. (Note, however, that in some cases the value of a property with the ReadOnly attribite may
r‘h:\ngn over time because of actions taken h‘,’ the ||ndnr|\]/ing implnmnnfnfinn; therefore “Read0n|y" does
not mean “constant and unchanging”!)

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

DontDelete Attempts to delete the properilf lae ignored. See the description of thedete (~operator in 11.4.1.

Internal Internal properties have no name and are not directly accessible via-the property accessor operators. Ho
these properties are accessed is implementation specific. How ahd when some of these propertigs are us
is specified by the language specification.

8.6.2 Internal Properties and Methods

Internal pro

perties and methods are not exposed in the language. Forthe purposes of this docume
in double square brackets [[ ]]. When an algorithm uses an internal{property of an object and the objg

indicated internal property, a runtime error is generated.

There are t\j

Native ECMAScript objects have an internal property called [[Prototype]]. The value of this proper,
object and is used for implementing inheritance. Properties of the [[Prototype]] object are exposed

o types of access for exposed propegeandput, corresponding to retrieval and assignme

object for the purposes of get access, but not for put-access.

The following table summarises the internal properties used by this specification. The description ing
native ECMAScript objects. Host objectswmay implement these internal methods with any in

nt, their names are enc
ct does not implement

nt, respectively.

ty iseltheor an
as properties of the ct

icates their behaviour |
plementation-depende

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

Property Parameters ()~ Description

[[Prototypd]] none . The prototype of this object.

[[Class]] none A string value indicating the kind of this object.

[[Value]] none Internal state information associated with this object.

[[Get]] (RropertyName) Returns the value of the property.

[[Put]] (PropertyName, Value) Sets the specified property to Value.

[[CanPut]] {PropertyName) Returns—a—boolean—value—indicating—whether—a—Rut]] operation 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
provided by the caller

5 Executes code associated with the object. Invoked via a functior]
expression. Objects that implement this internal method are ¢atietions

call
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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 object may be any value, even a value used by a built-in object for its [[Class]] property. Note that this
specification does not provide any means for a program to access the value of a [[Class]] property; that value is ulsed internal
to distinguish differentkimnds of built-im objects.

Every native pbject implements the [[Get]], [[Put]], [[CanPut]], [[HasProperty]], and [[Delete]]-methods in the manner
described in §.6.2.1, 8.6.2.2, 8.6.2.3, 8.6.2.4, and 8.6.2.5, respectively, except that Array objeets have a slightly different
implementation of the [[Put]] method (15.4.5.1). Host objects may implement these methods in,any manner; for example, one
possibility is that [[Get]] and [[Put]] for a particular host object indeed fetch and store property valueg but [[HasProperty]]
always generatdslse

In the following algorithm descriptions, assuf@és a native ECMAScript object arRlis a(string.

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

If O doesn|t have a property with namggo to step 4.

Get the value of the property.

Return Repsult(2).

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

Call the [[(et]] method of [[Prototype]] with property nafe
Return Repgult(5).

o0k whpE

8.6.2.2 [[Put]](P, V)
When the [[Puf]] method dD is called with property? and valueV, the following steps are taken:

Call the [[CanPut]] method & with nameP.

If Result(1)|is false, return.

If O doesn’{ have a property with narRggo fo step 6.

Set the vallie of the property\MoThe attributes of the property are not changed.
Return.
perty with narRe setits value t& and give it empty attributes.

NogorwhE

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

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

If O doesn’thave a property With marRego 0 Step 2.
If the property 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://iecnorm.com/api/?name=c2c3b368e00c24293323c293618cb6ca

O ISO/IEC

8.6.2.5 [[Del

ISO/IEC 16262:1998 (E)

ete]](P)

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

1. If O doesn’t have a property with naereturntrue.
. If the property has the DontDelete attribute, refatse

2
3. Remove
4

the property with naRdérom O.

. Returntrue.

8.6.2.6 [[DefaultValue]](hint)
When the [[DefaultValue]] method @ is called with hint String, the following steps are taken:

1. Call the [[Get]] method of obje€ with argument "toString".

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

3. Call the |[Call]] method of Result(1), with as the this value and an empty argument list.

4. If Result(3) is a primitive value, return Result(3).

5. Call the |[Get]] method of obje€@ with argument "valueOf".

6. If Result(5) is not an object, go to step 9.

7. Call the |[Call]] method of Result(5), with O as the this value and an empty argument list.

8. If Result(7) is a primitive value, return Result(7).

9. Generat¢ a runtime error.

When the [[PefaultValue]] method @ is called with hint Number, the following steps are taken:

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

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

3. Call the |[Call]] method of Result(1), with as thethis value and an’empty argument list.

4. If Result{3) is a primitive value, return Result(3).

5. Call the |[Get]] method of obje€ with argumenttoString™<.

6. If Result(5) is not an object, go to step 9.

7. Call the |[Call]] method of Result(5), with as thethis Value and an empty argument list.

8. If Result(7) is a primitive value, return Result(7).

9. Generatg¢ a runtime error.

When the [[PefaultValue]] method @ is called with no hint, then it behaves as if the hint were Number, Ulesa Date
object (see 15.9), in which case it behavesas if the hint were String.

8.7 The R4gference Type

The internallReference type is not\a language data typés defined by this specification purely for expdsitory purposes. An
implementation of ECMAScript_must behave as if it produced and operated upon references in the manner described hi
However, avalue of typReferenceis used only as an intermediate result of expression evaluation and cannot be stored as tt

value of a variable or property.

The Reference typelis’used to explain the behaviour of such operatisietas , typeof

operator b

, and the assignment operators.
., the Ieft hand operand of an assignment is expected to produce a reference. The behaviour of assignment Cl

mitted purelgd@eth

of host objects. No built-in ECMAScrrpt function defined by this specrfrcatron returns a reference and there is no provision fc
a user-defined function to return a reference. (Another reason not to 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 GetValue(V)

+ D

afoarane -\ L
T

O ISO/IEC

If Type(V) i
Call GetBa
If Result(2)
Call the [[G
Return Reg

agrwnE

8.7.4 PutValudg
If Type(V) i
Call GetBa
If Result(2)
Call the [[P
Return.

Call the [[P
Return.

NogorwhE

8.8 The List t
The internal L

se(V).
iqwull, generate a runtime error.

et]] method of Result(2), passing GetPropertyName(V) for the property name.
ult(4).

o o—xotil
crecTeTectT T TetorTT v,

V., W)

5 not Reference, generate a runtime error.
se(V).
is null, go to step 6.

pt]] method for the global object, passing GetPropertyName(V) for the property name ang

ype
st type is not a language data type is defined by this specification purely for exposit

implementation of ECMAScript must behave as if it prodiced and operated upon List values in the 1

However, a v3

lue of the List type is used only as an intermediate result of expression evaluation and

value of a variable or property.

The List type i
type are simply

8.9 The Com

The internal C
An implement

5 used to explain the evaluation of argument ligtewnexpressions and in function calls. \
ordered sequences of values/ These sequences may be of any length.

pletion Type

bmpletion type is not.alanguage data tyfids defined by this specification purely for exp
htion of ECMASCcript ‘must behave as if it produced and operated upon Completion

described herg. However, a value of the Completion type is used only as an intermediate result of s

cannot be stor

bd as the value of a variable or property.

The Completi
nonlocal trans

n type is)used to explain the behaviour of statemiergak(, continue , andreturn )
rs of eontrol. Values of the Completion type have one of the following forms:

Lit]] method of Result(2), passing GetPropertyName(V) for the froperty name and W for the value.

W for the value.

ry purposes. An
hanner described here
cannot be stored as tt

alues of the List

Dsitory purposes.
values in the manner
tatement evaluation ar

that perform

“normal cgmpletion”

“normal co

mpletion after valu¢’

“abrupt completion because bfeak ”
“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

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
its value argument to a non-Object type If an object i is capable of convertmg to more than one primitive type, it may use t

optional hin{

Input Type Result O\O*)‘U

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‘eonversion).

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

Object Return a default value for the Object. The default value of an dbject is retrieyed by
calling the internal [[DefaultValue]] method of the object, pagsing the optlonal
hint PreferredType The behavijour of the [[DefaultValue]] meth¢d is defined|by
this specification for all native ECMAScript objects (see 8.6.2.6). If the return
value is of type Object er'Reference, a runtime error is generated.

9.2 ToBoolean
The operatdr ToBoolean converts its argument to.a value of type Boolean according to the following ftable:

Input Type Result ~

Undefined falee

Null false

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

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

String The result isfalse if the argument is the empty string (its|length is zefo);
OINETwISE the result sue .

Object true
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9.3 ToNumber

O ISO/IEC

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

Input Type Result
Undefined NaN
Null +0
Boolean The result & if the argument ifrtue . The result is-0 if the argument ifalse
Number Fherestuitequats-the-input-argument(no-conversion):
String See grammar and note below.
Object Apply the following steps:
1. Call ToPrimitive(input argument, hint Numbery)!
2. Call ToNumber(Result(1)).
3. Return Result(2).

9.3.1 ToNumbgr Applied to the String Type

ToNumber applied to strings applies the following grammar to the input string. If the grammar cannot in

expansion ofstfingNumericLiteralthen the result of ToNumberNaN.

StringNumericl.iteral::
Strwhit¢Spagg

StrwWhitg¢Spacg StrNumericLiteral StrWhiteSpage

StrWhiteSpace:

StrWhitISpaceChar StrwWhiteSpgce

StrwWhiteSpaceChar.

<TAB>
<SP>
<FF>
<VT>
<CR>
<LF>

StrNumericLitgrat::

StrDecimallLiteral
+ Stqur;imalLiteral

terpret the string as a

- StrDecimalLiteral
HexIntegerLiteral

StrDecimalLiteral::

Infinity

DecimalDigits. DecimalDigits, ExponentParf,

. DecimalDigits ExponentPajt
DecimalDigits ExponentPaft

DecimalDigits:::

DecimalDigit

DecimalDigits DecimalDigit
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DecimalDigit::: one of

0123456172829

ExponentPart::

Exponentindicator Signedinteger

Exponentindicator:: one of

e E

Signedinteger:

HexIntegerliteral.::

HexDigit::: ¢ne of

Some differgénces should be noted between the syntaStohgNumeticLiterabnd aNumericLiteral(7.7.3):

DecimalDigits
+ DecimalDigits
- DecimalDigits

Ox HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

0 1l 2 3 4 5 6 7 8 9 a b c d e f AODB C D E F

A StringlumericLiteraimay be preceded and/or followed bywhitespace and/or line terminators.
A StringNlumericLiteral may not use octal notation.

A StringlNumericLiterathat is decimal may have any number of leadirdigits.

A StringlNumericLiterakhat is decimal may be preceded+bgr - to indicate its sign.

A StringlNumericLiterathat is empty or contains-gnly whitespace is convertedto

The conversion of a string to a number valug’is similar overall to the determination of the number Value for a numeric liter
(7.7.3), but some of the details are different, So the process for converting a string numeric literal to p value of Nauisber typ
given here in full. This value is determined in two steps: first, a mathematical value (MV) is derived|from the string numeri
literal; second, this mathematical value’is rounded, ideally using IEEE 754 round-to-nearest mode, o a representable valu

the number ftype.

The MV pf StringNumericLiterat:: (an empty character sequence) is 0.
The MV pf StringNumeticLiterat:: StrwhiteSpaces O.

The MV pf StringNumericLiterat:: StrWhiteSpagg StrNumericLiteral StrWhiteSpagés the MV of SttNumericLiteral
no mattey whether-whitespace is present or not.

The MV pf SttNumericLiterat:: StrDecimalLiteralis the MV ofStrDecimalLiteral

The MV bfStriNtmeticHterat—+StrBecimaltbiteratisthe-My-ofStrBecimealtiteral
The MV of StrNumericLiterat:: - StrDecimalLiteralis the negative of the MV @&trDecimalLiteral (Note that 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 MV of StrNumericLiterat:: HexIntegerLiteralis the MV ofHexIntegerLiteral
The MV of StrDecimalLiteral::: Infinity is 10" (a value so large that it will round #eo).
The 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

e The MV of StrDecimallLiteral:::. DecimalDigitsis the MV of DecimalDigitstimes 10", wheren is the number of
characters ilDecimalDigis.

» The MV of StrDecimalLiteral:::. DecimalDigits ExponentPai the MV of DecimalDigitstimes 10", wheren is the
number of characters DecimalDigits ande is the MV ofExponentPart

* The MV of StrDecimallLiteral::: DecimalDigitsis the MV ofDecimalDigits

e The MV of $trDecimalLiteral::: DecimalDigitsExponentParts the MV of DecimalDigitstimes 16, whefeg is the MV of
ExponentPrt

e The MV of PecimalDigits::: DecimalDigitis the MV ofDecimalDigit

e The MV ofl DecimalDigits::: DecimalDigits DecimalDigit is (the MV of DecimalDigits times 10) pliis the MV of
DecimalDigjit

« The MV of ExponentPart:: Exponentindicator Signedintegisrthe MV ofSignedIinteger

e The MV of§
e The MV of§
e The MV of§

* The MV of PecimalDigit::: 0 or of HexDigit::: 0 is 0.
« The MV ofPecimalDigit::: 1 or of HexDigit::: 1 is 1.
e The MV of PecimalDigit::: 2 or of HexDigit::: 2 is 2.
« The MV ofPecimalDigit::: 3 or of HexDigit::: 3 is 3
* The MV of PecimalDigit::: 4 or of HexDigit::: 4is 4.
e The MV of DecimalDigit::: 5 or of HexDigitt:: 5 is 5.
e The MV of PecimalDigit::: 6 or of HexDigit::: 6 is 6.
e The MV of DecimalDigit::: 7 or of HexDigit::: 7 is 7.
» The MV of DecimalDigit::: 8 or-of HexDigit::: 8 is 8.
e The MV of DecimalDigit;%~9 or of HexDigit::: 9 is 9.

bignedinteger:: DecimalDigitsis the MV ofDecimalDigits
bignedinteger:: + DecimalDigitsis the MV ofDecimalDigits

bignedinteger:: - DecimalDigitsis the negative of the MY dbecimalDigits

e The MV of HexDigit!.. a or of HexDigit::: Ais 10.
e The MV of HexDigit::: b or of HexDigit::: Bis 11.

e The MV of HexBigit—corofHexBigit=——€is12:
» The MV ofHexDigit::: d or of HexDigit::: Dis 13.
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 operator Tolnteger converts its argument to an integral numeric value. This operator functions as follows:

1. Call ToNumberorthe-irputargament:

2. If Result(1) isNaN, return+O0.

3. If Result(l) ist+0, -0, +oo, or —oo, return Result(1).
4. Compute sign(Result(1)) * floor(abs(Result(1))).
5. Return Result(4).

9.5 Tolnt32: (signed 32 bit integer)

The operatdr ToInt32 converts its argument to one’ahtzger values in the rang@’“through 2'-1, inclusie. This operator
functions ag follows:

1. Call ToNumber on the input argument.

2. If Result{1) idNaN, +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) and k is mathematically an integer muffiple of 2

5. If Result{4) is greater than or equal t4 2eturn Result(4) 2**\gtherwise return Result(4).

NOTE Given the above definition of Tolnt32:

The ToInt32 pperation is idempotent: if applied to a resultthat it produced, the second application leaves that value unchanged.

Tolnt32(ToUint32(x)) is equal to ToInt32(x) for all values of x. (It is to preserve this latter property that +e and|-c are mapped
to +0.)

ToInt32 mapg —0 to +0.

9.6 ToUintB2: (unsigned 32 bit integer)

The operatdr ToUint32 convertstits argument to one’dhzger values in the range 0 through-2, inclusiye. This operator
functions ag| follows:

1. Call ToNumber on the.nput argument.

2. If Result(1) idNaN,-+0;=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 lpss Yhian 2
magnitude §uch the mathematical difference of Result(3) and k is mathematically an integer muffigle of 2

5. Return Result4)-

NOTE Given the above definition of ToUint32::

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. Call ToNumber on the input argument.

2. If Result(1) isNaN, +0,-0, +o0, 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) and k is mathematically an integer muffiple of 2

5. Return Result(4).

NOTE Given the above definition of ToUInt16::

The substitution|of 2*° for 2 in step 4 is the only difference between ToUint32 and ToUnit16.
ToUint16 maps [-0 to +0.

9.8 ToString
The operator ToString converts its argument to a value of type String according tosthe-following table:

Input Type Result &\%
Undefined "undefined”

Null “null”

Boolean If the argument tsue, then.the result irue”

If the argument igalse then the result i¥alse"

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

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

9.8.1 ToString|Applied to the-Number Type
The operator ToString converts a numbeto string format as follows:

If mis NaN | return,the string NaN" .

If mis +0 on—=0¢return the string0" .

If mis less tham zero, Teturn the Sring concatenaton of the StHregd TOSringtmy.
If mis infinity, return the string Infinity "

Otherwise, leh, k, ands be integers such thiats 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.

6. Ifk=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.

7. 1If 0 <n =21, return the string consisting of the most significatigits of the decimal representationspfollowed by a
decimal point’, followed by the remaining—n digits of the decimal representationsof

8. 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
9. Otherwise, ik = 1, return the string consisting of the single digi$,dbllowed by lowercase charactet, ‘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).

akrwbpe
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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
requirements

of this standard.

If x is any number value other than -0, then ToNumber(ToString(x)) is exactly the same number value as x.

The least signifi

For impleme
following alte

Otherwise, le
possible. If th
number of di
choose the o

Implementors
floating-point

Gay, David N
AT&T Bell L3
10.ps.gz.

labs.com/net|

9.9 ToObjs
The operatg

tations which provide more accurate conversions than required by the rules above, it is recem
[native version of step 5 be used as a guideline:

[ n, k, and s be be integers such that k> 1, 10** = s < 10% the number value for s10’)is°'m, and
lere are multiple possibilities for s, choose the value of s for which s[10"* is closest ifijvalue to m.
pits in the decimal representation of s, that s is not divisible by 10. If there are'two such poss|
ne that is even.

of ECMAScript may find useful the paper and code written by David MaGay for binary-to-decim
numbers:

. Correctly Rounded Binary-Decimal and Decimal —Binary Conyeérsions. Numerical Analysis M
boratories (Murray Hill, New Jersey). November 30, 1990. Available as http://cm.bell-labs.com/cn
\ssociated code available as http://cm.bell-labs.com/netlib/fp/dtoa.c.gz and as
b/fp/g_fmt.c.gz and may also be found at the various netlib ‘mirror sites.

ct
r ToObject converts its argument to a value of type Object according to the following tab

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

ended that the

ble values of

/cs/doc/90/4-

@

kis as small as
Note that k is the

S,

al conversion of

anuscript 90-10.

http://cm.bell-

>

Input Type Result \\\Q

Undefined Generate a runtime error.

Null Generate a runtime error.

Boolean Create a new boolean object whose default value is the valug of the boolgan. See
15.6 for a description of boolean objects.

Number Create a new number object whose default value is the valug 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 string. Spe 15.5
for a description of string objects.

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

10 Execu

tion 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 Defini
10.1.1 Func

tions
tion Objects

There are four types of function objects:

Declared

Anonymous functions are created dynamically by using the buttsnction

functions are defined in source text ByactionDeclaration

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, sugbeeseint  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 Types of Executable Code
There are five ftypes of executable ECMAScript source text:

» Global codeis source text that is outside all function declarations. More precisely, the iglobal [code of a particular
ECMAScrigt Program consists of allSourceElementsn the Program production, which come from th&tatement
definition.

» Eval codeid the source text supplied to the builtewal function. More precisely, if /the ‘parameter to the buileval
function is g string, it is treated as an ECMAScRpbgram The eval code for & patfticular invocationesfal is the
global codg portion of the string parameter.

< Function cpdeis source text that is inside a function declaration. More”precisely, the function gode of a particular
ECMAScrigtFunctionDeclarationconsists of th8lockin the definition offunctionDeclaration

« Anonymou$ cods the source text supplied when instantiafiugction’ . More precisely, the last paranjeter provided in
an instantiption ofFunction is converted to a string ;and treated as ®m@tementListof the[ Block of a
FunctionDgclaration If more than one parameter is providediin an instantiatidgfrun€tion , all parameters except the
last one are converted to strings and concatenated together, separated by commas. The resulting $tring is interpreted as |
FormalPargmeterLisbf aFunctionDeclaratiorfor theStatementListiefined by the last parameter.

* Implementgtion-suppliedodeis the source text supplied by the host when creating an implementation-supplied function.
The source|text is treated as StatementLisdf theBlock of aFunctionDeclaration Depending on the imp|lementation, the
host may also supplyformalParameterList

10.1.3 Variablg instantiation

Every executign context has associated with it a variable object. Variables declared in the source tex{ are addedsas properti
of the variable| object. For global and eval code, functions defined in the source text are added as pfoperties of the variabl
object. Functipn declarations\in other types of code are not allowed by the grammar. For function, anonymous, and
implementatio]:—supplied cade; ‘parameters are added as properties of the variable object.

Which object i§ used as the variable object and what attributes are used for the properties depends on|the type dfecode, but t
remainder of the behaviour is generic:

e For each FunttionDeclaration in the code, in source text order, instantiate a declared function from the
FunctionDeetarattonant-ereate-aproperty-of-the-vartable-ebieet-whoserame-isthetdentfierantigen Declaration
whose value is the declared function and whose attributes are determined by the type of code. If the variable object alread
has a property with this name, replace its value and attributes.

* 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 parameter, the vari
declaration does not disturb the existing property.

10.1.4 Scope Chain and Identifier Resolution
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 execution, the scope chain of the execution context is affected owWjthiytatementWhen execution enterswith

block, the ofj ffiedT J i T pcution leaiths a
block, whether normally or via lareak or continue statement, the object is removed from the-scape chain. The object
being remoyed will always be the first object in the scope chain.

tion, the syntactic productiBrimaryExpression Identifier is evaluated using the-following glgorithm:

3. If Result{2) igrue , return a value of type Reference whose base object is Resuli(l) and whose prgperty name is the

4. Go to stgp 1.
5. Return g value of type Reference whose base objegli is and whose propérty name is tdentifier.

The result
string.
10.1.5 Globgal Object

There is a uhiquglobal object which is created before controlenters any execution context. Initially the global object has the
following properties:

binding an identifier is always a value of type Reference with its member name component equal to the identif

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

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

As control gnters execution contexts{ and as ECMAScript code is executed, additional properties mjay be added to the gl
object and the initial properties may be changed.
10.1.6 Activption object

When contrpl enters an exeeution context for declared function code, anonymous code or implemgntation-supplied code,
object called the activation*object is created and associated with the execution context. The activatign object isviiitialised
a property with namarguments and property attributes { DontDelete }. The initial value of this property is the arguments
object descilibed belaw.

The activatipnéebject 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
decommissioned.

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 ahis value associated with every active execution context.tiise 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:

is the initial
e A property
function obj

A property

For each 1
ToStringfar
actual para
so on. In th
value with
correspond
implementg

10.2 Entering

When control ¢
this value is

The initialisatid

code being entered.

10.2.1 Global
The scope

Variable ing

Thethis

10.2.2 Eval Cg

When control
context is use
initialising the
e The scope
includes obj

[S created with namengin__and property atributes { DontEnum J. The iniial value of il

number of actual parameter values supplied by the caller.

value oDbject.prototype (15.2.3.1).

is created with nanmllee and property attributes { DontEnum }. The initial value of th
ect being executed. This allows anonymous functions to be recursive.

on-negative integearg, less than the value of tHength  property, a property.is cre
) and property attributes { DontEnum }. The initial value of this property is the value g
meter supplied by the caller. The first actual parameter value correspargis(® ‘the second
e case whéarg is less than the number of formal parameters for the function object, thi
the corresponding property of the activation object. This means, that changing this

tion.

An Execution Context

bnters an execution context, the scope chain is created‘@and initialised, variable instantiati
Hetermined.

n of the scope chain, variable instantiation, and:the determinationtbfsthevalue depend

Code
Chain is created and initialised to contain‘the global object and no others.

tantiation is performed using theglobal object as the variable object and using empty pro
plue is the global object.

de

enters an execution context for eval code, the previous active execution context, ref
] to determine the scope chain, the variable object, atldishevalue. If there is no callin
Ecope chainy variable instantiation, and determination diithe value are performed just as f

chain is\initialised to contain the same objects, in the same order, as the calling con
ectsradded to the calling context's scope chalithtatement.

O ISO/IEC

The value of the internal [[Prototype]] property of the arguments object is the original Object prototype object, the one that

is property is the

is property is the

ated with name

f the corresponding
tiarg = 1 and

S property shares its
property changes the

ng property of the activation object and vice versa. The valué sharing mechanism depends on the

on is perftimed, and

on the type of

perty attributes.

erred ¢allasy the
g context, then
pr global code.

lext's scope chain. Thi

Variable in

tantiation is nerformed-usina the callina context's variable ghiect and usina empty nroper
= J J J J L A Ll

y attributes.

Thethis value is the same as tttés  value of the calling context.

10.2.3 Function and Anonymous Code

DontDelete

The scope chain is initialised to contain the activation object followed by the global object.

}.

null ), then thethis value is the global object.

36

Variable instantiation is performed using the activation object as the variable object and using property attributes {

The caller provides thilis value. If thethis value provided by the caller is not an object (including the case where it is
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10.2.4 Implementation-supplied Code

Thethis

after the

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

value is determined just as for function and anonymous code.

activation object.

16262:1998 (E)

If the implementation-supplied function has the ImplicitThis attribute (10.1.1}hihe value is placed in the scope chain

If the implementation-supplied function has the ImplicitParents attribute (10.1.1), a list of objects, determined solely by tf

pplied function does n

this  value, is inserted in the scope chain after the activation object (if the implementation-su
have the|ImplicitThis attribute) or after the activation objectthisd object (if the implementation-Su
the ImpligitThis attribute). Note that this list is determined at run time byhibe value. It is not detern
of lexicallscoping.
* The globgl object is placed in the scope chain after all other objects.
* Variable finstantiation is performed using the activation object as the variable object and using attri
11 Expregsions
11.1 Primary Expressions
Syntax
PrimaryExpfession
this
Identifier
Literdl
( Exgression
11.1.1 Thethis  keyword
Thethis keyword evaluates to thihis value of the execution context.
11.1.2 Identjfier reference
An ldentifief is evaluated using the-scoping rules stated in 10.1.4. The result IdEmtifier is always
Reference.
11.1.3 Literal reference
A Literal is gvaluated as)described in 7.7.
11.1.4 The Grouping-Operator
The productiorPfimaryExpression ( Expressior) is evaluated as follows:
1. Evaluat I:vprnc:einn This may. be of type Reference

bplied function has
nined by any form

butes { DontDelete }.

a value of type

2. Return Result(1).

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 MemberExpressiorArguments

NewExpressi0’|1
MembelExpression

new NeWwEXxpression
CallExpression

MembelExpressioPArguments
CallExpfession Arguments
CallExpfessiorf Expressior
CallExpfession Identifier

Arguments

()

( ArgumentList)
ArgumentList

AssignmientExpression

ArgumeftList AssignmentExpression
LeftHandSidegxpressian

NewExgression
CallExpfession

11.2.1 Property Accessors
Properties arelaccessed by name, using either the dot notation:

MembelExpression |dentifier
CallExpfession Identifier

or the bracket hotation:

MembellExpressioﬁ Expression

Ca”EXplcooiuﬁr EAplcooi\Jl]

The dot notation is explained by the following 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.

38
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The production MemberExpressioiMemberExpressioh Expressior] is evaluated as follows:

Call ToS

NoohkrwhE

The produc

Evaluate MemberExpression.
Call GetValue(Result(1)).
Evaluate Expression.

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

tring(Result(4)).

16262:1998 (E)

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

ionCallExpression: CallExpression Expression] is evaluated in exactly the same manner, except that the

containedCa

11.2.2 Then
The produc

Evaluatd
Call Get
If Type(H
If Result
Call the
If Type(H
Return R

NookrwbhE

[IExpressioris evaluated in step 1.

W operator
iorNewExpression new NewExpressioris evaluated as follows:

NewExpression.

Value(Result(1)).

esult(2)) is not Object, generate a runtime error.

2) does not implement the internal [[Construct]] method, generate afuntime error.
[Construct]] method on Result(2), providing no arguments (that iS,xan empty list of argum
esult(5)) is not Object, generate a runtime error.

esult(5).

The productiorMemberExpressionnew MemberExpression Argumenssevaluated as follows:

Evaluatg
Call Get
Evaluatdg
If Type(H
If Result
Call the

If Type(H
Return R

ONoGALNE

11.2.3 Func

MemberExpression.

Value(Result(1)).

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

esult(2)) is not Object, generate a runtime eror.

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

esult(6).

lion Calls

The production CallExpressiorMemberExpression Arguments is evaluated as follows:

Evaluatdg
Evaluatdg
Call Get
If Type(H
If Result
If Type(H
If Result

MemberExpression,

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

/alue(Result(1)).

esult(3)) isnet Object, generate a runtime error.

3) does notrimplement the internal [[Call]] method, generate a runtime error.
esult(4))is Reference, Result(6) is GetBase(Result(1)). Otherwise, Result(b) is
6)/4s.anh activation object, Result(7hidl . Otherwise, Result(7) is the same as Result(6).

ONo~WNE

Call the

[Call]] method on Result(3), providing Result(7) ashie value and providing the list Resu

ENtS).

t(2) as the

argumen

t values.

9. Return Result(8).

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.
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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. Return an internal list whose sole item is Result(2).

The productionATgumemmttist—Argunmenttist— ASSIgMEmMEXPTessios evatuated as fotows—

Evaluate AfgumentList.

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

Return an ipternal list whose length is one greater than the length of Result(1) and whose'items are the items ofhResult(1),
order, followed at the end by Result(3), which is the last item of the new list.

PwpE

11.3 Postfix g¢xpressions
Syntax
PostfixExpresgion

LeftHandSideExpression
LeftHanpSideExpressiofo LineTerminatotere] ++
LeftHanSideExpressiofno LineTerminatorhere] --

11.3.1 Postfix |[ncrement operator
The productioMemberExpressionMemberExpression+ _is;evaluated as follows:

Evaluate MemberExpression.

Call GetValue(Result(1)).

Call ToNumber(Result(2)).

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

Return Reqult(3).

ogpwNhE

11.3.2 Postfix flecrement operator
The productiofMemberExpressionMemberExpressiort  is evaluated as follows:

Evaluate MemberExpréssion.

Call GetValue(Result(1)).

Call ToNumber(Result(2)).

Subtract the valuk from Result(3), using the same rules as for-tbperator.
Call Putvalue(Result(1), Result(4)).

Return Result(3).

ouAMLNE
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11.4 Unary operators
Syntax
UnaryExpression

PostfixExpression

delete  UnaryExpression
void UnaryExpression
typeof  UnaryExpression
++ UnaryExpression

-- UparyExpression

+ UnaryExpression

- UnaryExpression

~ UnaryExpression

I UnaryExpression

11.4.1 Thedtrlete operator

The productiornaryExpression delete  UnaryExpressiorlis evaluated as follows

1. Evaluatg 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. Call the |[Delete]] method on Result(2), providing Result(3)\as the property name to delete.
7. Return Result(6).

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

11.4.2 Thevpid operator
The productiorUnaryExpression void UnaryExpressiotis evaluated as follows:

1. Evaluatg UnaryExpression.

2. Call GetYalue(Result(1)).

3. Returnurjdefined .

11.4.3 Thetypeof operator

The productiorUnaryExpression typeof UnaryExpressioris evaluated as follows:

1. Evaluatg UnaryExpression.

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

3. Call GetYalde(Result(1)).

4. Return a-stting-tetermined-by-FypetResult(3)accordingto-the-foltowing-tabte:
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 productiorUnaryExpression ++ 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)).

Return Result(4).

ogpwNhE

11.4.5 Prefix deerement U|.JC|a.tU|
The productionJnaryExpression --  UnaryExpressioris evaluated as follows:

Evaluate UparyExpression.

Call GetValue(Result(1)).

Call ToNumber(Result(2)).

Subtract the valuk from Result(3), using the same rules as for-thperator (11.6.3).
Call PutValue(Result(1), Result(4)).

Return Reqult(4).

ok wnE

11.4.6 Unary+| operator
The unary + operator converts its operand to Number type.

The productionJnaryExpression + UnaryExpressiors evaluated as follows:

1. Evaluate UparyExpression.
2. Call GetValue(Result(1)).
3. Call ToNumber(Result(2)).
4. Return Reqult(3).

11.4.7 Unary- |operator

The unary - ogerator converts its operand to Number type and then negates it. Note that-+@pedigces-0,
-0 produces+0

The productionJnaryExpression - UnaryEXpressiors evaluated as follows:

Evaluate UparyExpression.

Call GetValue(Result(1)).

Call ToNumber(Result(2)).

If Result(3)|idNaN, returnNaN-

Negate Resgult(3); thatisiecompute a number with the same magnitude but opposite sign.
Return Reqult(5).

oghwhE

11.4.8 The bitwise NOT operator )
The productiofnaryExpression ~ UnaryExpressioris evaluated as follows:

Evaluate UnaryExpression.

Call GetValue(Result(1)).

Call Tolnt32(Result(2)).

Apply bitwise complement to Result(3). The result is a signed 32-bit integer.
Return Result(4).

arwdpE
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11.4.9 Logic
The product

Evaluate

Call ToB

aprwOdE

ISO/IEC

al NOT operator (! )
iorUnaryExpression ! UnaryExpressiotis evaluated as follows:

UnaryExpression.

Call GetVvalue(Result(1)).

oolean(Result(2)).

If Result(3) idrue, returnfalse.
Returntrue .

11.5 Multiplicative operators

Syntax
Multiplicativ

Unary
Multig
Multif
Multig

Semantics

The produc]
operators in

Evaluatdg
Call Get
Evaluatd
Call Get
Call ToN
Call ToN
Apply th
Return R

ONoRrWNE

11.5.1 Apply

The* operg
is not alway

The result o

If either g
The sign

Multiplica

PEXpression

Expression

licativeExpressiori UnaryExpression
licativeExpressiort UnaryExpression
licativeExpressiof®UnaryExpression

lionMultiplicativeExpressiort MultiplicativeExpression @ UnaryExpressjowhere @ stan
the above definitions, is evaluated as follows:

MultiplicativeExpression.

/alue(Result(1)).

UnaryExpression.

/alue(Result(3)).

umber(Result(2)).

umber(Result(4)).

b specified operation (*, /, or %) to Result(5) and Result(6). See the notes below (11.5.1,
esult(7).

ing the* operator

tor performs multiplication;“producing the product of its operands. Multiplication is comn
5 associative in ECMAScript, because of finite precision.

f a floating-point multiplication is governed by the rules of IEEE 754 double-precision arit

perand idlaN, the result idNaN.
of the result’is positive if both operands have the same sign, negative if the operands ha

ition(of an infinity by a zero results MaN.

16262:1998 (E)

s for one of the

11.5.2, 11.5.3).

hutative. Multiplication

hmetic:

e different signs.

Multiplic

4 £ kit la HY PR | H it Tl + H alat + alla +lo 1 1
uurrT ur art IIIIIIIILy U_y arll IIIIIIIIl.y TTOoOUIS 11 art IIIIIIIILy. 1'TIc Qlyll 1S UTLITITTTITTTICuU U_y urc Tuic an

stated above.

ady stated above.

Multiplication of an infinity by a finite non-zero value results in a signed infinity. The sign is determined by the rdlg alrea

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:
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11.

If either operand idlaN, the result idNaN.

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 an infinity results iNaN.

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

Division of an infinity by a non-zero finite value results in a signed infinity. The sign is determined by the rule already
stated above.

Division of

Division of
determined

Division of
above.

In the rema
the neares
operation ¢
operation u
underflow 3

5.3 Applyin

h finite value by an infinity results in zero. The sign is determined by the rule already staté

a zero by a zero results NaN; division of zero by any other finite value results in z6
by the rule already stated above.

ining cases, where neither an infinity, nor a zerdJaNris involved; the quotient is compute

representable value using IEEE 754 round-to-nearest mode/ If the magnitude is too
verflows; the result is then an infinity of appropriate sig:. If the magnitude is too sr
s defined by IEEE 754.

) the%ooperator

The binary%o

and the right operand is the divisor. In C and C++, the retmainder operator accepts only integral operar
it also accepts|floating-point operands.

The result of

defined by IEHE 754. The IEEE 754 “remainder*operation computes the remainder from a rounding di
division, and $o its behaviour is not analogous to that of the usual integer remainder operator. In

language defi

operator; this

The result of a

44

If either opsg
The sign of
If the divide
If the divide

erator is said to yield the remainder of its operands from an implied division; the left op|

floating-point remainder operation -as'computed diperator is not the same as the “rem

e%o on floating-point operations to behave in a manner analogous to that of the Ja
hay be compared with the C library function fmod.

ECMAScript floating=point remainder operation is determined by the rules of IEEE arithn
rand idlaN, the result iNaN.

the result €quals the sign of the dividend.

nd is aminfinity, or the divisor is a zero, or both, the resilaN.

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

d above.

ro, with the sign

A non-zero finite value by a zero results in a signed infinity. The sign_is determined by the rule already stated

 and rounded to
large to represent, th
nall to represent, the

hderflows and the result is a zero of the appropriate sign. The ECMAScript language reqairesfsgradual

erand is the dividend
ds, but in ECMAScript

ainder” operation

ision, not a truncating
stead the ECMAScript
va integer remainder

netic:

If the divide

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

In the remaining cases, where neither an infinity, nor a zeroNabr is involved, the floating-point remainder 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
magnitude of the true mathematical quotient of n and d.
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11.6 Additive operators
Syntax
AdditiveExpression

MultiplicativeExpression
AdditiveExpressior MultiplicativeExpression
AdditiveExpression MultiplicativeExpression

11.6.1 The addition operator (+ )
The addition) operator either performs string concatenation or numeric addition.

The productiorAdditiveExpression AdditiveExpressior MultiplicativeExpressiolis evaluated as follows;

. Call ToPrimitive(Result(2)).
. Call ToPrimitive(Result(4)).
. If Type(Result(5)) is String or Type(Result(6)) is String, go to step 12. (Note that this step differs fjom step 3 in the
algorithm for comparison for the relational operators in using or instead\of and.)

8. Call ToNumber(Result(5)).

9. Call ToNumber(Result(6)).

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

11. Return Result(10).

12. Call ToString(Result(5)).

13. Call ToString(Result(6)).

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

15. Return Result(14).

1
2
3.
4. Call GetYalue(Result(3)).
5
6
7

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

11.6.2 The s$ubtraction operator €,)
The production AdditiveExpregsiorAdditiveExpression MultiplicativeExpression is evaluated as folloys:

ONouk~WNE

Return Result(?)

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 sum of
The sum of
The sum of

The sum of

an infinity and a finite value is equal to the infinite operand.
two negative zerosi8. The sum of two positive zeros, or of two zeros of opposite sig, is
a zero and a nonzero finite value is equal to the nonzero operand.

two nonzero finite values of the same magnitude and oppositeidign is

O ISO/IEC

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
nearest mode. If the magnitude is too large to represent, the operation overflows and the result is then an infinity of
appropriate sign. The ECMAScript language requires support of gradual underflow as defined by IEEE 754.

The- operato
the left operan
thata- b produ

11.7 Bitwise
Syntax

ShiftExpressiof:

Additive]
ShiftExg
ShiftExy
ShiftEx

Semantics

The result of 4
fractional com
hand operand

11.7.1 The left
Performs a bit
The productior

Evaluate S
Call GetVa
Evaluate A
Call GetVa
Call ToInt3
Call ToUint
Mask out a
Left shift R
Return Reg

©CoNOGO~WNE

performs subtraction when applied to two operands of numeric type, producing the-diff
d is the minuend and the right operand is the subtrahend. Given numeric apardhdg’js al
es the same resultag- b) .

Bhift operators

Al

Expression

ressior< AdditiveExpression
ressior> AdditiveExpression
ressioxr>> AdditiveExpression

valuatin§hiftExpressiorns always truncated t@,32 bits. If the result of evalua8hgtExpress
ponent, the fractional component is discarded. The result of evaluathaglitwe Expresiortha
pof a shift operator is always truncated to:five bits.

shift operator (<<)
vise left shift operation on the left-operand by the amount specified by the right operand.
BhiftExpression ShiftExpressior< AdditiveExpressiois evaluated as follows:

niftExpression.

ue(Result(1)).

HditiveExpression.

ue(Result(3)).

P(Result(2)).

32(Result(4)):

| but theleast significant 5 bits of Result(6), that is, compute Result(6) & Ox1F.
esult(5)\by Result(7) bits. The result is a signed 32 bit integer.

ult(8)-

brence of its operands;
ways the case

jorproduces a
t is the right-

11.7.2 The signed right shift operator &> )
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:

Call ToUint

ONorwWNE

Evaluate ShiftExpression.
Call GetValue(Result(1)).
Evaluate AdditiveExpression.
Call GetValue(Result(3)).
Call Tolnt32(Result(2)).

32(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.

©

i
»

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:

9.

ONoRrWNE

Evaluate ShiftExpression.
Call GetVvalue(Result(1)).
Evaluate AdditiveExpression.
Call GetValue(Result(3)).
Call ToUint32(Result(2)).
Call ToUint32(Result(4)).

16262:1998 (E)

Mask ou
Perform
bit integs
Return R

11.8 Relatio

Syntax

RelationalE

ShiftH
Relat
Relat
Relat
Relat

Semantics

The result ¢
operator ho

11.8.1 Thel
The productiorRelationalExpressionRelationalExpressior ShiftExpressiois evaluated as follows:

oukrwdE

Evaluatd
Call Get
Evaluatd
Call Get
Perform

If Result

f all but the least significant 5 bits of Result(6), that 1s, compute Result(6) & Ox1F.
zero-filling right shift of Result(5) by Result(7) bits. Vacated bits are filled with zero. The-r
r.

esult(8).

nal operators

pression

Xpression

onalExpression ShiftExpression
onalExpressior ShiftExpression
onalExpression= ShiftExpression
onalExpressior= ShiftExpression

f evaluatiniRelationalExpressioris always .0f type Boolean, reflecting whether the relati
ds between its two operands.

Pss-than operator € )

RelationalExpression.

Value(Result(1)).

ShiftExpression.

Value(Result(3)).

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

5) isundefinedy , returnfalse . Otherwise, return Result(5).

11.8.2 The
The productiorRelationalExpressionRelationalExpressior ShiftExpressiolis evaluated as follows:

oukrwhE

reater-than*operator & )

Evaluatg RelationalExpression.

psult is anduBBigne

bnship named by the

Call GetValue(Resuli(1)).
Evaluate 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).

11.8.3 The less-than-or-equal operator<=)

The productiorRelationalExpressionRelationalExpressior= ShiftExpressiolis evaluated as follows:

oukrwnhE

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 .
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11.8.4 The greater-than-or-equal operator &=)

The productiorRelationalExpressionRelationalExpressior= ShiftExpressiolis evaluated as follows:

ouhwhpE

If Result(5)

Evaluate RelationalExpression.

Call GetValue(Result(1)).

Evaluate ShiftExpression.

Call GetValue(Result(3)).

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

idgrue orundefined |, returnfalse . Otherwise, returtrue .

O ISO/IEC

11.8.5 The abs

The comparisd
is NaN). Such

1. Call ToPri
2. Call ToPri
3. If Type(Req
algorithm fg
Call ToNu
Call ToNu
If Result(4)
If Result(5)
If Result(4)
If Result(4)
If Result(4)
If Result(4)
If Result(5)
If Result(5)
If Result(4)
If the math
are both fin
16. If Result(2)

concatenat
17.If Result(1)
18. Letk be theg

at positionk
19. Letm be th{
20. Letn be the
21.1fm<n, ret

©oo~NOR

10.
11.
12.
13.

14.
15.

NOTE The co
no attempt to us
in the Unicode 3

1
7

" " L Il H 1 .
tratt reiativurial CUTTTPgarisuirt arguritrimm

ix <y, wherex andy are values, producésie, false orundefined (which indicates that @t;'te]
h comparison is performed as follows:

itivek, hint Number).
itivey, hint Number).
ult(1)) is String and Type(Result(2)) is String, go to step 16. (Note that this'step differs frg
r the addition operaterin usingandinstead ofr.)
ber(Result(1)).

ber(Result(2)).

isNaN, returnundefined

ifNaN, returnundefined

and Result(5) are the same number value, fataen .
ist0 and Result(5) is0, returnfalse

is-0 and Result(5) is0, returnfalse

is+oo, returnfalse

istoo, returntrue .

is-oo, returnfalse

is-o0, returntrue .

bmatical value of Result(4) is less tharidhe mathematical value of Result(5)—note that the
te and not both zero—returne . Otherwise, returfalse

is a prefix of Result(1), retfaise~'(A string valuep is a prefix of string valug if g can be th
ng and some other strig Note that any string is a prefix of itself, because r may be the er
is a prefix of Result(2), returne .

smallest nonnegative integer such that the character at gosiiibim Result(1) is different fro
within Result(2). (There must be such,dor neither string is a prefix of the other.)

P integer that is theé Unicode encoding for the character at p&sititiin Result(1).

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

Urntrue . Otherwise, returfalse

nparison, ef strings uses a simple lexicographic ordering on sequences of Unicode code point val
e the-more complex, semantically oriented definitions of character or string equality and collating
.0&pecification.

ast one operand

m step 7 in the

se mathematical value:

e result of
npty string.)

mn the character

ues. There is
order defined

11.9 Equality
Syntax

operators

EqualityExpression

RelationalExpression

Equality
Equality

48

Expressior= RelationalExpression
Expressioft= RelationalExpression


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

O ISO/IEC ISO/IEC 16262:1998 (E)

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 GetVvalue(Result(1)).

Evaluate RelationalExpression.

Call Getyalue(Result(3))-

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

ourwdE

11.9.2 The dloes-not-equals operator£ )
The productiorEqualityExpression EqualityExpressiot= RelationalExpressiors evaluated as follows:

Evaluatg EqualityExpression.

Call GetYalue(Result(1)).

Evaluatg RelationalExpression.

Call GetYalue(Result(3)).

Perform fthe 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 comparjsox ==y, wherex andy are values, produc#sie orfalse Such a comparison is performed @s follows:

If Typek) is different from Type(), go to step 14.
If Typek) is Undefined, returtrue .
If Typek) is Null, returntrue .
If Typek) is not Number, go to step 11.
If xis NaN, returnfalse
If y is NaN, returnfalse
If X is thd same number valueyaseturnirue .
If X is+0 pndy is =0, returntrue .
If xis =0 pndy is +0, returntrue %
10. Returrfalse .
11. If Typef) is String, then returtrue  if x andy are exactly the same sequence of characters (same length and same
charactefs in corresponding positions). Otherwise, réalsa
12. If Typef) is Booleafi;returtrue if x andy are bothtrue or bothfals e. Otherwise, returfalse
13. Returrtrye if x-andy refer to the same object. Otherwise, retialse
14.1fxisnul] andy.isundefined |, returntrue .
15. Ifxisundlefined andyis null , returntrue .
16. If Typeé(, issNumber-and T\legx is Qtring,
return the result of the compariser= ToNumbery).
17.If Type() is String and Type&] is Number,
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

©oNoOrwDE

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.Al=

B is equivalent to !(A == B).

2. A == B is equivalent to B == A, except in the order of evaluation of A and B.

O ISO/IEC

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 would not be equal to each other.

Comparison of §
more complex,
specification.

11.10 Binary
Syntax
BitwiseANDEX|

Equality
BitwiseA

Bitwise XOREX

Bitwise/
Bitwise)

BitwiseOREXxp

Bitwise
Bitwise(

Semantics
The productior

EvaluatéA.

Call Getva
EvaluateB.

Call GetVa
Call ToInt3
Call ToInt3
Apply the b
Return Reg

NGO~ WNE

11.11 Binary

semantically oriented definitions of character or string equality and collating order defined inythg

bitwise operators

pression

EXpression

NDExpressio& EqualityExpression
pression

NDExpression

ORExpressioh BitwiseANDEXxpression
ression

OREXxpression
DREXxpression Bitwise XORExpression

A A @ B where @ is one of the bitwise operators in the productions above, is evaluated

ue(Result(1)).

ue(Result(3)).

P(Result(2)).

P (Result(4)).

itwise operator @ to Result(5) and Result(6). The result is a signed 32 bit integer.
ult(7).

legical operators

Syntax
LogicalANDEX

pression

BitwiseORExpression
LogicalANDEXxpressio&& BitwiseORExpression

LogicalORExpression

LogicalANDExpression
LogicalORExpressiofj LogicalANDExpression

50
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as follows:
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Semantics
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The productionLogicalANDExpression LogicalANDExpressio&& BitwiseORExpressiois evaluated as follows:

Call ToB

NouokrwhE

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

oolean(Result(2)).

If Result(3) is false, return Result(2).
Evaluate BitwiseORExpression.
Call GetValue(Result(5)).

Return Result(6).

The productlion_ogicaIORExpression LogicalORExpressiofj LogicalANDExpressioiis evaluated as,fol

Evaluatg
Call Get
Call ToB
If Result
Evaluatdg
Call Get
Return R

NookrwbdE

NOTE The
value of one

11.12 Con

Syntax

Conditionalk
Logic
Logic

Semantics

The productfiorConditionalExpression LogicalORExpressiof AssignmentExpressian AssignmentExpré

as follows:

. Evaluate
. Call Get
. Call ToB
If Result

. Call Get
Return R
. Evaluate

Call Get

LogicalORExpression.
Value(Result(1)).
oolean(Result(2)).

3) is true, return Result(2).

LogicalANDEXxpression.
Value(Result(5)).
esult(6).

alue produced by a &&or || operator is not necessarily of type Baglean. The value produced w
bf the two operand expressions.

litional operator (?:)

EXpression

plIOREXpression
RIORExpressio AssignmentExpressionAssignmentExpression

Logical ORExpression:
Value(Result(1)).

oolean(Result(2)).

3) is false, go.to'step 8.

the first AssignmentExpression.
Value(Result(5)).

esult(6).

the second AssignmentExpression.

Oows:

ill always be the

pssion evaluated

Value(Result(8)).

1
2
3
4
5. Evaluate
6
7
8
9
1

0. Return 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

51


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

ISO/IEC 16262:1998 (E) O ISO/IEC

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 PutValue(Result(1), Result(3))
Return Reqult(3).

aprwOdE

11.13.2 Comppund assignmentdp=)

The productiofAssignmentExpressianLeftHandSideExpression @ AssignmentExpressipwhere, @ represents one of the
operators indidated above, is evaluated as follows:

Evaluate L¢ftHandSideExpression.

Call GetValue(Result(1)).

Evaluate AssignmentExpression.

Call GetValue(Result(3)).

Apply operator @ to Result(2) and Result(4).
Call PutValue(Result(1), Result(5)).

Return Reqult(5).

NogoprwhE

11.14 Comma operator (, )

Syntax
Expression
AssignnpentExpression
Expresdgion AssignmentExpression
Semantics
The productioffexpression Expression AssignmentExpressids evaluated as follows:

EvaluatéExpression
Call GetValue(Result(1)).
Evaluate AssignmentExpression.

Call Getva
Return Res

agrwdPE

12 Stateme

ue(Result(3)).
ult(4).

nts

Syntax
Statement

Block
VariableStatement
EmptyStatement
ExpressionStatement
IfStatement
IterationStatement
ContinueStatement
BreakStatement
ReturnStatement
WithStatement

52
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12.1 Block
Syntax
Block:
{ StatementLig}}

StatementList

Statement
Statementlist Statement

ISO/IEC 16262:1998 (E)

Semantics
The productiorBlock: { } is evaluated as follows:

1. Return “pormal completion”.

The productiorBlock: { StatementLis}is evaluated as follows:

1. Evaluatg StatementList.
2. Return Result(1).

The productiorStatementList Statemenis evaluated as follows:

1. Evaluatestatement
2. Return Result(1).

The productfiorBtatementList StatementList Statemeatevaluated as follows:

Evaluatg StatementList.

Evaluatdg Statement.

Let V be|the value carried by Result(1).

NoohkrwhE

If Result(3) is a value completion, return Resuli(3).
If Result{1) is not a value completion, return Result(3).

If Result(3) is “abrupt completion becauséregak ",

If Result{1) is an abrupt completion, return Result(1):

return “aprupt completion after value)V becausbrefk ”.

8. If Result(3) is “abrupt completion becauseofitinue
return “aprupt completion aftér.value V becauseaftinue

9. Return “pormal completion after value V.

12.2 Variable statement
Syntax

VariableStajenient

var VarabteDectarationtist

VariableDeclarationList

VariableDeclaration

VariableDeclarationList VariableDeclaration

VariableDeclaration:

Identifier Initializer

opt

Initializer :

= AssignmentExpression

53
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Description

O ISO/IEC

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

AssignmentExpressiamhen theVariableStatemeris executed, not when the variable is created.

Semantics

The productio
1. Evaluate V
2. Return “no
The productior
1. Evaluate V

The productior
1. Evaluate V
2. Evaluate V
The productior
1. Return a st

The productior

Evaluatdde
Evaluate In
Call GetVa
Call PutVval
Return a st

SRS

The productior

1. Evaluate A
2. Return Req

12.3 Empty stg
Syntax
EmptyStatems

riableDeclarationList.
mal completion”.

\VariableDeclarationList VariableDeclarationis evaluated as follows:

AriableDeclaration.

\VariableDeclarationList VariableDeclarationList VariableDeclaratienis’evaluated as follo
ariableDeclarationList.

AriableDeclaration.

\ariableDeclaration Identifieris evaluated as follows:

ring value containing the same sequence of characters’ddéntifier.

\ariableDeclaration Identifier Initializeris evaluated as follows:

ntifier as described in 11.1.2.

itializer.

ue(Result(2)).

Le(Result(1), Result(3)).

ring value containing the same seguence of characters ddentifier.

nitializer : = AssignmentExpressios evaluated as follows:

5signmentExpression.
ult(1).

tement

value when created. A variable with #mitializer is assigned the value of its

Semantics

The productiorEmptyStatement; is evaluated as follows:

1. Return “normal completion”.

12.4 Expression statement

Syntax

ExpressionStatement

Express

54
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Semantics
The productiorExpressionStatemenExpression is evaluated as follows:

1. EvaluateéExpression
2. Call GetValue(Result(1)).
3. Return “normal completion after value V", where the value V is Result(2).

12.5 Theif statement

ISO/IEC 16262:1998 (E)

Syntax
IfStatement
if ( Expressior) Statemenglse Statement
if ( Expressior) Statement
Eachelse for which the choice of associatédd is ambiguous shall be associated with.the nearest

otherwise have no correspondieige .

Semantics

The produc

Evaluat
Call Get
Call To
If Result
Evaluat
Return
Evaluat
Return

ONok~wWNE

The produc

Evaluatd
Call Get
Call ToB
If Result
Evaluatd
Return R

oukrwnE

12.6 Iteratio]

An iteration
(which cons

Syntax

jorifStatement if ( Expressior) Statemenglse Statemenis evaluated as follows:

Xpression
alue(Result(1)).
olean(Result(2)).
3) idalse , gotostep 7.
the firsbtatement
esult(5).

the secor@tatement
esult(7).

iorifStatement if ( Expressior) Statemenis evaluated as follows:

EXpression

Value(Result(1)).

oolean(Result(2)).

3) idalse , return “normal.¢ompletion”.
Statement

esult(5).

h statements

statementi{censists ohaader(which consists of a keyword and a parenthesized control
sts of &tatement

pofsihlat would

construct) o) a

IterationSta

CITIETIL

while ( Expressiorn) Statement

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

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

for ( var Identifier Initializer,, in Expressior) Statement

12.6.1 Thewhile statement
The productioniterationStatementwhile ( Expression) Statemenis evaluated as follows:

LetC be “normal completion”.
EvaluateExpressio.

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

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

6. EvaluateStatement

7. If Result(6) is a value completion, chartg be “normal completion after valM8 whereV is the value carried by
Result(6).

8. If Result(6) is &reak completion, go to step 12.

9. If Result(6) is @ontinue  completion, go to step 2.

10. If Result(6) is aeturn  completion, return Result(6).

11. Go to step 2.

12. ReturrC.

12.6.2 Thefor [staterment
The productiorjterationStatementfor ( Expressioy),; Expressiop,; Expressioy),) Statemenis evaluated ps follows:

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

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

If the secondxpressiors not present, go to step 10.
Evaluate the secorttkpressio.

Call GetValue(Result(6)).

Call ToBoojean(Result(7)).

. If Result(8)|idalse , go to step 19.

0. Evaluateéstgtement

1. If Result(10) is a value completion, chaf® be “normal completionafter vall® whereV is the value carried by
Result(10).
12. If Result(1Q) is &reak completion, go to step 19.

13. If Result(10) is aontinue  completion, go to step 15.
14.1f Result(1Q) is #eturn  completion, return Result(10).
15. If the thirdHxpressions not present, go to step 5.

16. Evaluate the thirBixpressio.

17. Call GetValue(Result(16). (This value is not usedy)
18. Go to step 5.
19. ReturrC.

RROooNooO N E

The productiopiterationStatement for ((,wvar VariableDeclarationList; Expressiop, ; Expressiop, ) [ Statements
evaluated as follows:

Evaluate VariableDeclarationkist.

Let C be “nprmal completion”,

If the second Expression is not present, go to step 8.
Evaluate the second Expression.

Call GetValue(Result(4)).

Call ToBoojean(Result(5)).

If Result(6)|ifalse’ , go to step 15.

Evaluate Sfatement.

If Result(8) is a value completion, change C to be “normal completion after value V” where V is the value carried by
Result(8).

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

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

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

13. If the third Expression is not present, go to step 3.

14. Evaluate the third Expression.

15. Call GetValue(Result(14)). (This value is not used.)

16. Go to step 3.

17. Return C.

©oNoa~WNE
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12.6.3 Thefor..in statement
The productionterationStatementfor ( LeftHandSideExpressidn Expression) Statemenis evaluated as follows:

Evaluate th&xpression

Call GetVvalue(Result(1)).

Call ToObject(Result(2)).

LetC be “normal completion”.

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.

Evaluate théeftHandSideExpressiqnt may be evaluated repeatedly).
Call PutyatuefResah6yResuttiE))-

Evaluatestatement

If Result(8) is a value completion, charigeo be “normal completion after vald whereV is the value ¢arried by
Result(8].
10. If Result[8) is &reak completion, go to step 14.

11. If Result[8) is @ontinue  completion, go to step 5.
12.If Result[8) is aeturn  completion, return Result(8).
13. Go to step 5.

14. ReturrC.

aprLOdE

The productioniterationStatementfor ( var VariableDeclarationn Expressior) Statemenis evaluated as follows:

Evaluatg VariableDeclaration.

Evaluatg Expression.

Call GetYalue(Result(2)).

Call Todbject(Result(3)).

Let C be|“normal completion”.

Get the pame of the next property of Result(4) that do€sn’'t have the DontEnum attribute. If there is no such property, go

step 15.

Evaluatg Result(1) as if it were an Identifier; see $1.1.2 (yes, it may be evaluated repeatedly).

Call PutYalue(Result(7), Result(6)).

Evaluatg Statement.

0. If Result[9) is a value completion, changé.€ to be “normal completion after value V" where V is the value carried by
Result(9].

11. If Result(9) d&reak completion, goto.step 15.

12. If Result{9) a&ontinue  completion;’go to step 6.

13.If Result[9) aeturn  completion, return Result(9).

14. Go to step 6.

15. Return Q.

oukrwNE

B oo~

The mechanics of enumerating the properties (step 5 in the first algorithm, step 10 in the second) is implementation-depend
The order ¢f enumeration is defined by the object. Properties of the object being enumerated may be deleted dur
enumeration. If @ property that has not yet been visited during enumeration is deleted, then it will not be visited. If ne
properties afe added to the object being enumerated during enumeration, the newly added properties are not guaranteed

visited in thé—activeenumeration:

Enumerating the properties of an object includes enumerating properties of its prototype, and the prototype 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

ContinueStatement
continue
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Semantics

An ECMAScript program is considered syntactically incorrect if it contaim®rainue
statement. Theontinue

while orfor
1. Return “abr
12.8 Thebrea

Syntax

BreakStateme

statement is evaluated as:

upt completion becausecoftinue

k statement

nt

O ISO/IEC

statement that is not within a

break ;

Semantics

An ECMASCcrif
for statement

1. Return “aby

12.9 Theretu
Syntax
ReturnStatemd

return

Semantics

An ECMAScrif
a FunctionDec
return value is

The productior

1. If theExpre
2. EvaluateEx|
3. Call Getval
4

12.10 Thewit

Syntax

WithStatemen
with  (

. Return “abfupt completion becauseetiurn

t program is considered syntactically incorrect if it contaibeak statement thatis not wit
. Thbreak statement is evaluated as:

upt completion becausébofak .

n statement

Nt

[no LineTerminatorhere] Expressioyy, ;

t program is considered syntactically incorreet if it contaiesuan
aration It causes a function to cease execution and return a value to the cabgordésionis
thandefined value. Otherwise, the feturn value is the valuExgfression

ReturnStatement return  [no LingTerminatorhere] Expressiog), ; is evaluated as:

5sions not present, return “abfupt completion becausetafn  undefined
hression

ue(Result(2)).

V", where the valu®/ is Result(3).

N statement

EXpressior) Statement

hinvehile or

statement that is not within tfock of

5 omitted, the

Description

Thewith
statement with

Semantics

this augmented scope chain, then restores the scope chain.

The productionWithStatementwith ( Expressior) Statemenis evaluated as follows:

Add Result

NogakrwdE

EvaluateExpression
Call GetValue(Result(1)).
Call ToObject(Result(2)).

(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).

statement adds a computed object to the front of the scope chain of the current execution context, then executes
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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 i

13 Functi
Syntax

s always restored to its former state.

on Definition

FunctionDeclaration

function  Identifier( FormalParameterLigf,) Block
FormalParameterList

Identifier

FormplParameterList Identifier
Semantics
Defines a pfoperty of the global object whose name isdibwtifier following thefunction ~ keyword and
function object with the given parameter list and statements. If the function definjtion is supplied te
and the calljng context has an activation object, then the declared function-is\added to the activati
global objeqt. See 10.1.3.

The productiori-unctionDeclaratiort function

1. Create
2. Putthis

as appr
The produg

declarationg

1. Create 4

andldentjfier as its name.

2. Put this

as appro

14 Progré
Syntax

Program:

Sourq

SourceElem

Identifier ( ) Blockis precessed for function declaratio

h new Function object (15.3.2.1) with no parameter8|dbleas the body, anidentifier as its na
new Function object as the new value of the property Hdergdier in the global object or the
ppriate (see above).

tionFunctionDeclaration: function
as follows:

Identifier ( FormalParameterList) Block is proces

new Function object (15.3.2.1) with tHe) parameters specifiedfmynidParameterListtheBlo

new Function object as the new vallie of the property Hdegdier in the global object or the
priate (see above).

1

eElements

ents

Sour

whose value is a
vtal théunction
bn object instead of to

ns as follows:

me.
activation object,

sed for function

Ck as the body,

Activation object,

eEléement

SourceElements SourceElement

SourceElement

Statement
FunctionDeclaration

Semantics

The productiorProgram: SourceElementss evaluated as follows:

1. Process

SourceElements for function declarations.

2. Evaluate SourceElements.
3. Return Result(2).
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The productiorSourceElementsSourceElemeris processed for function declarations as follows:
1. Proces$ourceElemerfor function declarations.

The productiorSourceElementsSourceElemeris evaluated as follows:

1. Evaluate SourceElement.

2. Return Result(1).

The productiorSourceElementsSourceElements SourceElemisnprocessed for function declarations as follows:

1. ProcesSourceElement®r function declarations.
2. ProcesSoudrceElemerfbr function declarations.

SourceElement Statemenis processed for function declarations bystaking no action.

SourceElement Statemenis evaluated as follows:

15 Native HCMAScript objects

There are cert
the scope chai

in built-in objects available*‘whenever an ECMAScript program begins execution. One,|the global object, is in
of the executing program. Others are accessible as initial properties of the global objec}.

dbjects are functions:they can be invoked with arguments. Some of them furthermore ar¢ constructors: they are
functions intended for use with)theew operator. For each built-in function, this specification descripes the arguments
required by that function and properties of the function object. For each built-in constructor, this spgcification furthermore
describes properties of the prototype object of that constructor and properties of specific object instances returenwd by a

Unless otherwjse’ specified in the description of a particular function, if a function or constructor desgribed in this clause i
given fewer angu ) ) is specified juire Incti ave exactly as if it had
been given 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 clause heading fol
function description; for example, the function object that is the initial value afidegOf property of the String 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
(15.2.1.2), as a constructor of one argument (15.2.2.1), and as a constructor of zero arguments (15.2.2.2). The largest nu

of argument

In every ca
DontDelete,
no others) u

15.1 The G

The global
new operatd

The global ¢

The value o

15.1.1 Valug¢ properties of the Global Object

15.1.1.1 Na

The initial v@lue oNaNis NaN.

15.1.1.2 Infi

The initial v@lue ofnfinity

s described is 1, so the value ofghgth property of thatfunctionobjectids

se, dength  property of a built-in function object described in this clause has_the

hless otherwise specified.

lobal Object

bbject does not have a [[Construct]] property; it is not possible to use the global object
r.

bject does not have a [[Call]] property; it is not possible to invgke-the global object as a f

the [[Prototype]] property of the global object is implementation-dependent.

N

nity
is +00,

httributes { ReadOnly,

DontEnum } (and no others). Every other property described in this clause has the’ attijibute { DontEnum } (ar

as a constructor with t

unction.

15.1.2 Function properties of the Global Object

15.1.2.1 eval(x)

When theeval function is called with one.argumentthe following steps are taken:

1. Ifxis not a string value, return

2. Parsexa$ an ECMAScripProgram If the parse fails, generate a runtime error.

3. Evaluatg the program from(step 2.

4. If Result(3) is “normal completion after valM® return the valug/.

5. Return undefined.

If value of theeval property is used in any way other than a direct call (that is, other than by the expl|cit use of its name as ¢
Identifier whjch is“theMemberExpressiom aCallExpressiol, or if theeval property is assigned to, a ryntime error may be
generated.

15.1.2.2 parselnt(string, radix)

Theparselnt

function produces an integer value dictated by interpretation of the contentsstfribarg

to the specifiedadix.

When theparselnt

function is called, the following steps are taken:

ument according

1. Call ToStringétring).

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

3. Letsignbe 1.

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

5. 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
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.
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7. Call Tolnt32¢adix).

8. If Result(7)
9. LetRbe Re

is zero, go to step 12; otherwise, if Result(7) < 2 or Result(7) > 36,MafNrn
sult(7).

O 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 substrin
11.
12.
13.
14. LetR be 8.
15.

If Result(5)

g of Result(5) consisting of all but the first two characters; otherwiSddd&esult(5).

Go to step 22.

is empty or the first character of Result(5) i©ngb to step 20.

If the length of Result(5) is at least 2 and the second character of ResuligbXisgo to step 17.

LetSbe Result(5).

16.
17.
18.
19.
20.
21.
22.

LetR be 16

LetR be 10

23.1f Zis emp
24. Compute t
than 20 sig

Ris not 2, 4,

integer valu

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

26. Returrsign

Note thatparsg
cannot be inte

15.1.2.3 parse

The parseFloa
decimal literal.

When theparss

1. Call ToStripgétring).

2. Compute a
the right of
If neither R
. Compute th

Return the

oA

Note thatparss
cannot be intg

Go to step g2

LetSbe thg substring of Result(5) consisting of all but the first two characters.
Go to step 22.

LetSbe Repult(5).
If Scontaing any character that is not a ra@idigit, then letZ be the substring & consisting-of all charact
the leftmosq such character; otherwise Aéte S,

, returtNaN.

ers to the left of

e mathematical integer value that is represeniith bgdix-R notation=(But ifR is 10 andZ contains more

hificant digits, every digit after the 20th may be replaced luigit, @t,the option of the implem
8, 10, 16, or 32, then Result(24) may be an implementation-dependent approximation tq
e that is representeddi radix-R notation.)

[ Result(25).

Int  may interpret only a leading portion of<the string as an integer value; it ignoreq
preted as part of the notation of an integer,-and no indication is given that any such char

Float(string)

function produces a number value dictated by interpretation of the contentssbfiriiges

Float function is called, thefollowing steps are taken:

substring of Result(1)\consisting of the leftmost character that iStidhete SpaceChand all
hat character.(In ather words, remove leading whitespace.)
bsult(2) nor any prefix of Result(2) satisfies the syntaxStoecimalLiteral(see 9.3.1), returNa

humber value for the MV of Result(4).

Float- \."may interpret only a leading portion of the string as a number value; it ignore
rpteted as part of the notation of an decimal literal, and no indication is given that an

entation; and if
the mathematical

any characters that
acters were ignored.

Irgument as a

Characters to

IN.

e longest prefix of Result(2), which might be Result(2) itself, which satisfies the syriswDetamalLiteral

5 any characters that
y such characters wer:

ignored.

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

hexadecimal e

Sscape sequence.

For those characters being replaced whose Unicode encodixigHs or less, a two-digit escape sequence of the fidaris
used. For those characters being replaced whose Unicode encoding is gredieFfhaam four-digit escape sequence of the

form %uWwxxxis

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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No o ks

©

10

11.
12.
13.
14.
15.
16
17.

.Increasd by 1.

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.

. LetShe a string containing six characte¥su'wxyZ wherewxyzare four hexadecimal digits encoding the value of

Result(8).
Go to step 15.
LetSbe gstrngeen H SHSE v vy A igits-enced #g-the-value of Result(8).

Go to stép 5.

NOTE The ¢ncoding is partly based on the encoding described in RFC1738, but the entire encoding specified in this standard

is described @bove without regard to the contents of RFC1738.

15.

1.2.5 ungscape(string)

The unescape function computes a new version of a string value in which each escape sequences of the sort that might

introduced hy thescape function is replaced with the character that it represents.

When theun

RO ~NoOrwNE

0.
1.

12.
13.
14.
15.
16.

17.
18.
19.
20.

15.

scape function is called with one argumestting, the)fellowing steps are taken:

Call ToStringstring).

Compute the number of characters in Result(1).
LetR be the empty string.

Letk be 0.
If k equals Result(2), retui

Letc be the character at positi&within Result(1).

If cis no{%, go to step 18.

If k is grgater than Result(, go to step14.

If the character at positidet1 within result(1) is not, go to step 14.
If the fodr characters at positida2,k+3, k+4, andk+5 within Result(1) are not all hexadecimal digits| go to step 14.
Letc be fhe character whose Unicode encoding is the integer represented by the four hexadecimal digits dt#ysitions
k+3, k+4 [andk+5 within Resuli(1).

Increasq k by 5.

Go to step 18.

If kis greater than Result(23, go to step 18.
If the tw@ characters at positidaisl andk+2 within Result(1) are not both hexadecimal digits, go to step 18.

Letc be fhe character whose Unicode encoding is the integer represented by two zeroes plus the fwo hexadecimal digits
positiongk+1 andk+2 within Result(1).

Increasd by 2.

LetR be a new string value computed by concatenating the previous vétendt.
Increasd by 1.

Go to step 5.

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 15.4.1 and 15.4.2.

O ISO/IEC

15.1.3.4 String(~ - . )
See 15.5.1 an@l 15.5.2.
15.1.3.5 Boolefan( . . .)
See 15.6.1 an@l 15.6.2.
15.1.3.6 Numier( .. .)
See 15.7.1 an@l 15.7.2.
15.1.3.7 Date(|. . .)
See 15.9.2.

15.1.4 Other Froperties of the Global Object
15.1.4.1 Math

See 15.8.

15.2 Object Objects

15.2.1 The Ob,
WhenObject

15.2.1.1 Objeg
When theObje

1. If thevaluei

exactly as i
2. Return To(

15.2.1.2 Objeg
When theObje

1. Create and
called with

ect Constructor Called as a Function
is called as a function rather than as a censtructor, it performs a type conversion.

t(value)
t function is called with onesargumerdlue the following steps are taken:

snull  orundefined |, create and return a new object with no properties (other than inte
the object constructor had been called on that same value (15.2.2.1).

bject@lue.
t0
t functiop-isicalled with no arguments, the following step is taken:

return a‘\new object with no properties (other than internal properties) exactly if the objec
no argument (15.2.2.2).

nal properties)

[ constructor had bee

15.2.2 The Ob!

ect Constructor

WhenObject

is called as part of @ew expression, it is a constructor that may create an object.

15.2.2.1 new Object(value)

When theObject

1.
2.
3.

If thevaluei

constructor is called with one argumeatue the following steps are taken:

If the type of thevalueis not Object, go to step 4.

s a native ECMAScript object, do not create a new object but simply ket

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]] property of the newly constructed object is set to the Object prototype object.
The [[Class]] property of the newly constructed object is s&bject"
The newpyeenstracted-obiecthas-refiratuetproperty-

Return the newly created native object.

15.2.3 Properties of the Object Constructor
The value of the internal [[Prototype]] property of the Object constructor is the Function prototype object.

Besides the|internal [[Call]] and [[Construct]] properties andigingth  property, the Object constructor has the following
properties:
15.2.3.1 Oblect.prototype

The initial value ofObject.prototype is the built-in Object prototype objeet(15.2.4).
This property shall have the attributes { DontEnum, DontDelete, Read©nly }.

15.2.4 Properties of the Object Prototype Object
The value of the internal [[Prototype]] property of the Object prototype objectlis

15.2.4.1 Oblect.prototype.constructor
The initial v@lue ofObject.prototype.constructor iS’the built-inObject constructor.

15.2.4.2 Oblect.prototype.toString()
When theto$tring  method is called, the following steps are taken:

1. Get the [[Class]] property of this object.

2. Compute a string value by concatenating the three stfivigject " , Result(1), and] ".
3. Return 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 a host olggct, as m
perhaps be greated by the Object constructor (see 15.2.2.1), then the contained host object should b returned.

15.2.5 Properties of Object Instances

Object instahces have-no special properties beyond those inherited from the Object prototype object
15.3 Functign @bjects

15.3.1 The Eunction Caonstructor Called as a Eunction

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.
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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
no “p” arguments, and whetsodymight also not be provided), the following steps are taken:

LetP be the empty string.

If no arguments were given, ledybe the empty string and go to step 13.
If one argument was given, @ dybe that argument and go to step 13.
Let Result(4) be the first argument.

LetP be ToString(Result(4)).

O ISO/IEC

constructor is called with some argumemisp?2, . . . ,pn, body(wheren might be 0, that is, there are

Letk be 2.

If k equals the number of arguments bHetlybe thek'th argument and go to step 13.

Let Result(B) be thigth argument.

Call ToStripg(Result(8)).

10. LetP be thg result of concatenating the previous vallg tie strind'," (a comma), and Resulf(9).

11.Increas& by 1.

12. Go to step|/.

13. Call ToStripggody).

14. LetF be thg newly constructed Function object.

15. The [[Clasg]] property df is set td' Function ".

16. The [[Protgtype]] property ¢ is set to the original Function prototype object,/the one that is the initial
Function.prptotype (15.3.3.1).

17. Set the [[Call]] property df to a method such that, when it is invoked, the executable function will be i

eters are specifiedynd whose body is specified by Result(13). The string \Rimest be
FormalPargmeterListy; the string value result(13) must be parsable @gementLigf. (Note that bothP ar
may contain whitespace, line terminators, and comments.), However, iffeithéresult(13) is syntactically,
otherwise cannot be interpreted as part of a correct ECMASCript function definition, then the [[Call]] ¢
set and a ryntime error is generated..

18. Set the [[Cpnstruct]] property Bfto a method that, whenrit is invoked, constructs a new object whose
property is gqual to the value Bfprototype  at the-time the [[Construct]] method is invoked (but if this
object then|the value @bject.prototype is used), then invokdsas a function (using its [[Call]] pro
new object ps ththis  value and the arguments given to the [[Construct]] method as the arguments. |
invoking the [[Call]] method is an object, that object becomes the result of the invocation of the [[Con
otherwise the new object becomes the-result of the invocation of the [[Construct]] method.

19. If thetoString  method ofF is later invoked, it will usegnonymous ” as the name of the function in re
function as Ja string.

20. Compute, as an integer numbertvalue of positive sign, the number of formal parameters that resulted
aFormalPayameterLis:.

21. Thelength | property ofF is set to Result(20). This property is given attributes { DontDelete, DontEnu

22. Create a n¢w object as)if-by the expressem Object()

23. Theprototype  praperty ofF is set to Result(22). This property is given attributes { DontEnum }.

24. Theconstructor property of Result(22) iset toF. This property is given attributes { DontEnum }.

25. Returrf.

CoNoOUrWNE

value of

hvoked whose
arsable as a
d Result(13)
incorrect, or

ropeidynoft

[Prototypel]]
value is not an
erty) with the
the result of
struct]] method,;

hdering the

m, ReadOnly }.

Note that it is permissible but not necessary to have one argument for each formal parameter to be specified. For example,

three of the following expressions produce the same result:

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")

A prototype
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
number of arguments.)

15.3.4 PropettiesoftheFunctiomPrototypeObject
The Functign prototype object is itself a Function object (its [[Class]Fumction" ) that, when(invgked, accepts any
arguments and returnsdefined

The value of the internal [[Prototype]] property of the Function prototype object is the Objeet\prototypge object (15.3.2.1).
It is a functipn with an “empty body”; if it is invoked, it merely retutmgdefined

The Functign prototype object does not hawealueOf property of its own; however, it inherits tvalleOf property
from the Object prototype Object.

15.3.4.1 Fumction.prototype.constructor
The initial v@lue ofFunction.prototype.constructor is the built-ihFunction  constructor.

15.3.4.2 Function.prototype.toString()

An implementation-dependent representation of the function “is returned. This representatiop has the syntax of
FunctionDeglaration Note in particular that the use and placement of whitespace, line terminators, and semicolons within th
representatipn string is implementation-dependent.

ThetoString|  function is not generic; it generates axruntime error ifhis value is not a Function opject. Therefore, it
cannot be transferred to other kinds of objects for use as a method.

15.3.5 Properties of Function Instances
Every functipn instance has a [[Call]] property:and a [[Construct]] property.

15.3.5.1 lenpth

The value df thdength property is usually an integer that indicates the “typical” number of arguEents expected by the
function. However, the language.permits the function to be invoked with some other number of arguments. The behaviour c
function when invoked on a_number 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 Functior) objéct'is invoked as a constructor for that newly created object.

15.4 Array [Objects

Array objects give special treatment to a certain class of property names. A property (iarttee form of a string value) is
anarray indexif and only if ToString(ToUint329)) is 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 The Array Constructor

O ISO/IEC

WhenArray

15.4.2.1 new
This descripti

rray(itemQ, iteml, . . .)
applies if and only if the Array constructor is given two or more arguments.

The [[Prototypg]] property of the newly constructed object is set to the original Array prototype obje
initial value ofArray.prototype (15.4.3.1).

The [[Class]] property of the newly constructed object is sbAtay"
Thelength pfoperty of the newly constructed object is set to the number of arfguments.

The 0 property] of the newly constructed object is setemQ the 1 property of the newly constructed obje
and, in general, for as many arguments as there ark pitoperty of the newly constructed object is set to
the first argumgnt is considered to be argument nuhber

15.4.2.2 new Array(len)

The [[Prototypg]] property of the newly constructed object is\set to the original Array prototype obje
initial value ofArray.prototype (15.4.3.1). The [[Class]}.property of the newly constructed object is &

If the argumenten is a number and ToUint326) is equaltden, then thdength property of the newly co
is set to ToUint32én). If the argumentenis a numberand ToUint32() is not equal téen, a runtime error is

If the argumenten is not a number, then thength() property of the newly constructed object is set tand
of the newly cgnstructed object is setdn.

15.4.2.3 new

The [[PrototypE]] property of the newly constructed object is set to the original Array prototype obje
initial value ofArray.prototype (15.4.3.1). The [[Class]] property of the newly constructed object is &l

Thelength pioperty of the newly constructed object is set@o

15.4.3 Propert|es of the Aeray Constructor
The value of the internal-{[Prototype]] property of the Array constructor is the Function prototype object.

Besides the infemal{[Call]] and [[Construct]] properties, the Array constructor has the following properti

i called as part of @ew expression, it is a constructor: it initialises the newly created object.

't, the one that is the

Ct is seitaml;
hrgutkgemhere

t, the one that is the
Bty

hstructed object
generated.

heD property

t, the one that is the
Aty

15.4.3.1 Array.prototype

The initial value ofArray.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 elemenits of this object are converted to strings, and these strings are then concatenated, sepz}arated by comma char:
The result ig the same as if the builfoim method were invoked for this object with no argument:

15.4.4.3 Arrpy.prototype.join(separator)

The elements of the array are converted to strings, and these strings are then concatenated, separated by occurrences
separator If ho separator is provided, a single comma is used as the separator.

When thgoin  method is called with one argumesgtparator the following steps are’taken:

Call the |[Get]] method of this object with argumélgngth .
Call ToUint32(Result(1)).
If separdtoris not supplied, leteparatorbe the single-character strihig™~,

If Result{2) is zero, return the empty string.

Call the |[Get]] method of this object with argumeft .

If Result{6) isundefined ornull , use the empty string; otherwise, call ToString(Result(6)).
LetR be Result(7).

Letk bell.
10. Ifk equals Result(2), retui

11. LetSbe g string value produced by concatenaBr@mnd Result(4).

12. Call the [[Get]] method of this object with argument ToStkhg(

13.If Result(12) isindefined ornull , use the)empty string; otherwise, call ToString(Result(12)).
14. LetR be p string value produced by concatenaliagd Result(13).

15. Increasd by 1.

16. Go to step 10.

CoNoOrwNE

Note that thgoin  function is intentionally generic; it does not require thathts value be an Array olbject. Therefore, it
can be trangferred to other kinds of objects for use as a method. Whetjoén th&unction can be appliefl successfully to a
host object Is implementation-dependent.

15.4.4.4 Arrpy.protatype.reverse()
The elements of(the array are rearranged so as to reverse their order. The object is returned as the result of the call.

Call the [[Get]] method of this object with argumélgngth .

Call ToUint32(Result(1)).

Compute 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
18. Call the [[D

19.
elete]] 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 theeverse
it can be transferred to other kinds of objects for use as a method. Whettexetise

function can be appli

function is intentionally generic; it does not require thathits value be an Array object. Therefore,

ed successfully

to a host obje

15.4.4.5 Array|prototype.sort(comparefn)
The elements pf this array are sorted. The sort is not necessarily stablapHrefnis supplied, itSheuld be
accepts two argumerntsaandy and returns a negative valui€y, zero ifx =y, or a positive valuet > y.

If comparefnis|supplied and is not a consistent comparison function for the elements’af this array (s
implementation-defined. Otherwise the following steps are taken

1.
2.
3.

Call the [[G
Call ToUint
Perform an
SortCompa
integer less
method.

4. Return this

The returned d
1) Th
eve

val
und

S Tmplementation-oependent:

et]] method of this object with argument "length".
32(Result(1)).

implementation-dependent sequence of calls to the [[Get]] , [[Put]], and [[Delete]] method
re (described below), where the first argument for each callte [[Get]], [[Put]], or [[Delete]]
than Result(2) and where the arguments for calls to SertCompare are results of previous

object.

bject must have the following two properties,

bre must be some mathematical permutatiai the nonnegative integers less than Resu
ry nonnegative integetess than Result(2), if properoyd| j]

e ald[ ] ,. but if propertyold[ j] ~did not exist, themew[ 1j)] either does not exist or ¢
efined

bn for all nonnegative integgrandk, each less than Result(2)0id[ j] compares less thag]d[
tCompare below), tham(j) '<Jruk).

a function that

e below), the result is

s of this object and to
is a nonnegative
calls to the [[Get]]

t(2), such that for

existed, themew][ 11(j)] is exqctly the same

pXists with value

K] (see

ect with argument
[Get]] method of

ssibly the same value)
two arguments, and t
considered to

oduces a negative

sidered to be in

the relat|0n if and only if applylng the functlon X(andy and then applying ToNumber to the result produces a zero value (of
either sign), this relation is an equivalence relation. In this context, the phrasenpares less thayl means applying
Result(2) tax andy and then applying ToNumber to the result produces a negative value.

When the Sort

NG ~WNE
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If the argumentomparefnwas not provided in the call sort
Callcomparefrwith argument andy.

Return Result(5).

Call ToStringX).

Call ToStringy).

Compare operator is called with two argunxeantsgly, the following steps are taken:

If x andy are bothundefined |, return+0.
If xisundefined , return 1.
If yisundefined |, return-1.

, go to step 7.
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9. If Result(7) < Result(8), returri.
10. If Result(7) > Result(8), return 1.
11. ReturntO0.

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 that thesort function is intentionally generic; it does not require thathts  value be an Array object. Therefore, it
can be transferred to other kinds of objects for use as a method. Whetbkert théunction can be applied successfully to a
host object i

mptermentatior-deperndernt -

15.4.5 Properties of Array Instances
Array instances inherit properties from the Array prototype object and also have the following properfies.
15.4.5.1 [[Put])(P, V)
Array objects use a variation of the [[Put]] method used for other native ECMAScript lebjects (8.6.2.2).
AssumeAis fan Array object anB is a string.

When the [[Put]] method o4 is called with property? and valueV, the following steps are taken:

Call the [[CanPut]] method &f with name P.

If Result(1) is false, return.

If A doegn’'t have a property with nafego to step 7.

If Pis"lgngth ", go to step 12.

Set the Jalue of properBof AtoV.

Go to stgp 8.

Create a property with narffe set its value t& and give it empty attributes.

CoNoorwWNE

ToUint3().

13. If Result[12) is not equal to Tolntegéx(generate a runtime error.

14. For everly integdsthat is less than the\wvalue of fleagth  property ofA but not less than Result(12) Afitself has a
property [(not an inherited property).named ToStkhghen delete that property.

15. Set the yalue of properyof A to.Result(12).

16. Return.

15.4.5.2 lenpth

Thelength | property.of this Array object is always numerically greater than the name of every property whose name is &
array index.

Thelength | praoperty has the attributes { DontEnum, DontDelete }.

15.5 String Ofyjetts

15.5.1 The String Constructor 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

The [[Class]] p

(15.5.3.1).

roperty of the newly constructed object is s&Stong"”

The [[Value]] property of the newly constructed object is set to ToString(value).

15.5.2.2 new String()
The [[Prototype]] property of the newly constructed object is set to the original String prototype object, the one that is the

initial value ofSiring pratotype

(15531)

O ISO/IEC

The [[Class]] p|
The [[Value]] p
15.5.3 Propert
The value of th

Besides the in
properties:

15.5.3.1 String
The initial valu
This property 3
15.5.3.2 String

Returns a strin
resulting string
a character by
encoding of a

15.5.4 Propert
The String pro
The value of th
15.5.4.1 String

The initial valu

15.5.4.2 String

Returns this s
valueOf meth

The toString

roperty of the newly constructed object is s&Stong"”
roperty of the newly constructed object is set to the empty string.

es of the String Constructor
e internal [[Prototype]] property of the String constructor is the Function prototype object

ternal [[Call]] and [[Construct]] properties andi¢ingth  property, the’String constructor h

.prototype
b ofString.prototype is the built-in String prototype object (15.5.4).
hall have the attributes { DontEnum, DontDelete, ReadOnly }.

.fromCharCode(char0, charl, . . .)

g value containing as many characters as the Aumber of arguments. Each argument spe

, with the first argument specifying the first character, and so on, from left to right. An arg
applying the operation ToUint16 (9.7) and regarding the resulting 16-bit integer as t

Character. If no arguments are supplied;the result is the empty string.

es of the String Prototype Object

otype object is itself a string abject (its [[Classitgng”
e internal [[Prototype]] property of the String prototype object is the Object prototype obj

.prototype.constructor.

P ofString.prototypé.constructor is the built-inString  constructor.

.prototype.toString()

fring valuel/(Note that, for a string object,tdi$tring
od.)

method happens to return the s

function is not generic; it generates a runtime error ithis value is not a string obje

cannot be tran

) whose value is an empty string.

as the following

cifies one character of |
ument iscctmvert
ne Unicode code point

ect (15.2.3.1).

ame thing as the

ct. Therefore, it

sferred 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
15.5.4.4 String

to other kinds of objects for use as a method.

.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(

x.substring(

When thecharAt

72

pos is equal to

pos postl) .

method is called with one argumeds the following steps are taken:

the result of
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Call ToString, giving it théhis  value as its argument.

Call Tolntegengos.

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

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.

15.5.4.5 Str

adalAtloac)

Returns a 1
positionpos
NaN.

When thech

Call ToS
Call Toln

If Result
Return &
namely t
the next

arLOdPE

NOTE The
it can be tran

15.5.4.6 Str

Computg the number of characters in Result(1).

no-—nratobunao-chare
T PTOTOTy P e S OU Tt (PUS)

umber (a nonnegative integer less thmedresenting the Unicode code point encodin
n the string resulting from converting this object to a string. If there is no character at t

hrCodeAt method is called with one argumeats the following steps are taken:

tring, giving it théhis
tegengos.

value as its argument.

2) is less than 0 or is not less than Result(3), ristakh
value of Number type, of positive sign, whose magnitude is the-Unicode encoding of ong
ne character at position Result(2), where the first (leftmost)-€haracter in Result(1) is consi
bne at position 1, and so on.

tharCodeAt function is intentionally generic; it does not€equire that its this  value be a string o
sferred to other kinds of objects for use as a method.

ng.prototype.indexOf(searchString, position)

j of the character at
at position, the result i

character from Result(
dered to be at position

bject. Therefore,

one or moréhpbsitions
furned; ottiervgise,

taken:

in Result(4), and
the character at

If the given gearchString appears as a substring of the result of converting this object to a string, at
are at or td the right of the specified position,.thén the index of the leftmost such position is re|
returned. If position is undefined or not supplied, 0 is assumed, so as to search all of the string.
When thendexOf method is called with twe argumemsisarchStringandposition the following steps are
1. Call ToString, giving it théhis  valUeyas its argument.

2. Call ToStringgearchStriny

3. Call Tolntegengosition). (If poSitionis undefined or not supplied, this step produces the vélje

4. Computg the number of characters in Result(1).

5. Compute min(max(Result(3), 0), Result(4)).

6. Compute the number of characters in the string that is Result(2).

7. Compute the smaflest possible inteigaot smaller than Result(5) such thaResult(6) is not greater thd
for all nohnegative-integejdess than Result(6), the character at posikigrof Result(1) is the same as
positionj [of Result(2); but if there is no such integgethen compute the valué .

8. Return Result(7).

NOTE The indexOf function is intentionally generic; it does not require that its this

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 ToS
2. Call ToS
3.
4

tring, giving it théhis  value as its argument.
tringgearchString

Call ToNumbengosition). (If positionis undefined or not supplied, this step produces the vala#l).
If Result(3) idNaN, usetoo; otherwise, call Tolnteger(Result(3)).

value be a string object. Therefore, it

method is called with two argumemstsarchStringandposition the following steps are taken:
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©No O

9.

NOTE The lastindexOf

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 .

Return Result(8).

function is intentionally generic; it does not require that its this  value be a string obje

it can be transferred to other kinds of objects for use as a method.

15.

Returns an A
substrings are
of any substrin

As

array equals th
If the separato
When thesplit

©OoNoghrwONE

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.

NOTE The split

O ISO/IEC

ct. Therefore,

5.4.8 String

a special ¢

.prototype.split(separator)

ray object into which substrings of the result of converting this object to a string h
determined by searching from left to right for occurrences of the given separatar;. these
g in the returned array, but serve to divide up the string value. The separator'may be a s

hse, if the separator is the empty string, the string is split up into individual characters;
e length of the string, and each substring contains one character.

I is not supplied, then the result array contains just one string, which'is the string.

method is called with one argumesaiparator the following steps)are taken:

Call ToStri

Create a new Array object of lendttand call itA.
If separatoffs not supplied, call the [[Put]] method Afwith 0 and Result(1) as arguments, and then reiu

Call ToStri
Compute tf
Compute tf
Letp beO.
If Result(6)
Compute tk
nonnegativ:
of Result(2
Compute &
Call the [[P
Letp bek+RH
Go to step
Compute a
Result(1).
Call the [[P
ReturmA.

If p equals
Compute a
Call the [[P

g, giving it théhis  value as its argument.

géeparatoy.
e number of characters in Result(1).
e number of characters in the string that is Result(4).

is zero (the separator string is empty), go to step 17.

e smallest possible intelgaot smaller-thap such thak+Result(6) is not greater than Result(
b integeidess than Result(6), the character at poskigrof Result(1) is the same as the char
; but if there is no such integethen-go to step 14.

string value equal to the substfing of Result(1), consisting of the characters atptwitiagkk
ut]] method o with Allength\>and Result(10) as arguments.

esult(6).

0

ut]] method eh'with Allength  and Result(14) as arguments.
Result(5), retum

string value equal to the substring of Result(1), consisting of the single character gb.posit]
ut]l method of with Allength  and Result(18) as arguments.

ave been stored. The
occurrences are not pe
Iring of any length.

the lengtbubf the r

n

b), and for all
hcter at pogition

-1, inclusive.

string value equal’to the substring of Result(1), consisting of the characters fronppoghie®nd of

on

1

Increas@ b
Go to step

17.

function is intentionally generic; it does not require that its this

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.

value be a string object. Therefore, it can

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

74

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)

Returns a substring of the result of converting this object to a string, starting from character ptasitiomd running to, but
not including, character positi@ndof the string. The result is a string value, not a string object.

If either arngent i?NaN or negative, it is replaced with zero; if either argument is larger than thedgngth of the string, it is
replaced with the length of the string.

If startis larger tharend they are swapped.
When thesupstring  method is called with two argumerstsrt andend the following steps, are taken:

Call ToString, giving it théhis  value as its argument.
Call Tolntegegtart).

Call Tolntegerénd.

Compute the number of characters in Result(1).
Compute min(max(Result(2), 0), Result(4)).

Compute min(max(Result(3), 0), Result(4)).

Computg min(Result(5), Result(6)).

Computg max(Result(5), Result(6)).

Return g 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 Restlf(8) ascending order.

CoNokr~wWDE

NOTE The $ubstring  function is intentionally generic; it\dees not require that its this  value be a string objgct. Therefore, it
can be transferred to other kinds of objects for use as a method.

15.5.4.11 Sf{ring.prototype.toLowerCase

Returns a sfring equal in length to the length of the result of converting this object to a string. The result is a strimgft \alu
string object.

Every chargcter of the result is equalto the corresponding character of the string, unless that chiaracter has a Unicode
lowercase gquivalent, in which ease the lowercase equivalent is used instead. (The canonical Unicpde 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 b¢ a string object.
Therefore, if can be trapsferred to other kinds of objects for use as a method.

15.5.4.12 String.prototype.toUpperCase

Returns a sfring 'equal in length to the length of the result of converting this object to a string. The result is a strimof @alu
string object.

Every character 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

15.6.1.1 Boole
Returns a Boo

15.6.1.2 Boole

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

an(value)
lean value (not a boolean object) computed by ToBoolean(value).

an()

Returnsfalse
15.6.2 The Bo
WhenBoolean

15.6.2.1 new H

The [[Prototyp
initial value ofH

The [[Class]] p
The [[Value]] p

15.6.2.2 new H

The [[Prototyp
initial value ofH

The [[Class]] p
The [[Value]] p

15.6.3 Propert
The value of tH
Besides the in
property:

15.6.3.1 Boole
The initial valu
This property 9
15.6.4 Propert
The Boolean p

The value of th

blean Constructor
is called as part of mew expression, it is a constructor: it initialises the newly created obj

oolean(value)

oolean.prototype (15.6.3.1).
roperty of the newly constructed boolean object is $Bbtdean"
roperty of the newly constructed boolean object is set to ToBgolean(value).

oolean()

oolean.prototype (15.6.3.1).
roperty of the newly constructed boolean object.is $Bbtdean"
roperty of the newly constructed boolean @bject is Sats®

es of the Boolean Constructor
e internal [[Prototype]] property of the Boolean constructor is the Function prototype objg

ernal [[Call]] and [[Construct]]. properties andehgth property, the Boolean constructor

an.prototype

e oBBoolean.prototype is the built-in Boolean prototype object (15.6.4).
hall have the attributes { DontEnum, DontDelete, ReadOnly }.

es of the BOolean Prototype Object

rototype‘object is itself a boolean object (its [[Clasgpislean” ) whose value ifalse

e interhal [[Prototype]] property of the Boolean prototype object is the Object prototype g

PCt.

b]] property of the newly constructed object is set to the original Boolean.prototype objéct, the one that is the

b]] property of the newly constructed object is set tofthe original Boolean prototype objéct, the one that is the

ct.

has the following

bject (15.2.3.1).

In following d

H £ £ ' oot i £ i+l n 1 + ok la o lo.
SUTTUUUTTIS UT TUTICUUTTS "That arC PJTUpPTCIliTc S UT UTC DUUIICAlT JTULULY T UDJCUL, UTC PTITAS

“this boolean object”

refers to the object that is tlleis value for the invocation of the function; it is a runtime errghi§ does not refer to an

object for whic

h 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 Boole

The initial value oBoolean.prototype.constructor

an.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
The valueOf

boolean value.

function is not generic; it generates a runtime error ithis 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 Numbe

r Objects

15.7.1 The NuH

WhenNumb
15.7.1.1 Nu
Returns a n
15.7.1.2 Nu
ReturnstO0.

15.7.2 The |
WhenNumb

15.7.2.1 ney

The [[Protot
initial value

b er-Canatietar-Callad | P ETZP=C TP~
ot CorStottorTcanco—as—a - ortctoTT

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

mber(value)
Iimber value (not a Number object) computed by ToNumber(value).

mber()

Number Constructor
er is called as part of mew expression, it is a constructor: it initialises the newly created ok

v Number(value)

ype]] property of the newly constructed object is set«o, the original Number prototype o
bfNumber.prototype (15.7.3.1).

The [[Class]] property of the newly constructed object is s@titomber” .
The [[Value]] property of the newly constructed object.js'set to ToNumber(value).

15.7.2.2 ney Number()

The [[Prototype]] property of the newly constructed object is set to the original Number prototype o
initial value pfNumber.prototype

The [[Class]] property of the newly constructed object is s&tltonber” .

The [[Value]

15.7.3 Prop
The value o
Besides the
property:

15.7.3.1 Nu

(15.7.3.4).

| property of the newly constructed object is set(to

prties of the Number Constructor
the internal [[Prototype]] property of the Number constructor is the Function prototype o

internal [[Call]} and [[Construct]] properties andé¢hgth  property, the Number constructg

mber-prototype

The initial valllue ofNumber.prototype

ject.

bject, the one that is t

bject, the one that is tt

bject.

r has the following

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

1,79769313
This propert

48623157e308
y 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 =00,

This property shall have the attributes { DontEnum, DontDelete, ReadOnly }.
15.7.3.6 Number.POSITIVE_INFINITY

O ISO/IEC

The value oNU
This property 9
15.7.4 Propert
The Number p
The value of th

In following dd
refers to the o
object for whig
number value

15.7.4.1 Numb
The initial valu

15.7.4.2 Numh

mber.POSITIVE_INFINITY s +oo.
hall have the attributes { DontEnum, DontDelete, ReadOnly }.

es of the Number Prototype Object
rototype object is itself a Number object (its [[ClasSNusnber" ) whose value;is:0.
e internal [[Prototype]] property of the Number prototype object is the/Object prototype o

scriptions of functions that are properties of the Number prototype-object, the phrase
Dject that is thi@s value for the invocation of the function; it is.a runtime errdghig does
h the value of the internal [[Class]] propertyNsmber" . Also, the' phrase “this number val

bject (15.2.3.1).

“this Number object”
not refer to an
ue” refers to the

epresented by this Number object, that is, the value of the‘internal [[Value]] property of this Number object.

er.prototype.constructor

e ofNumber.prototype.constructor is the builtsinNumber constructor.

er.prototype.toString(radix)

If the radix is the number 10 or not supplied, then this ndmber value is given as an argument to the

resulting string

If the radix is s
dependent.

The toString
cannot be tran

15.7.4.3 Numi

value is returned.

Lipplied and is an integer from 2 to 36; but not 10, the result is a string, the choice of wh

function is not generic; it geherates a runtime error ifhiis value is not a Number objg
sferred to other kinds of abjects for use as a method.

er.prototype.valueOf()

Returns this n
The valueOf

mber value.

unction is not\generic; it generates a runtime error ithis value is not a Number obje]

cannot be trangferred to ether kinds of objects for use as a method.

15.7.5 Propertles of Number Instances

Number instances have no special properties beyond those inherited from the Number prototype object]

ToString operator; the

ch is implementation-

ct. Therefore, it

ict. Therefore, it

Ohiact

15.8 The Math

TIJCTT

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 hot 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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