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Introduction

This Ecma Standard is based on several originatingn@ogies, the most well known being JavaScript (Netscape)
and JScript (Microsoft). The | anguage was invented by
Navigator 2.0 browser. It has appeared in all subsequent browsers from Netadaipeadl browsers from Microsoft
starting with Internet Explorer 3.0.

The development of this Standard started in November 1996. The first edition of this Ecma Standard was adoptec
the Ecma General Assembly of June 1997.

That Ecma Standard was submitteo ISO/IEC JTC 1 for adoption under the fastck procedure, and approved as
international standard ISO/IEC 16262, in April 1998. The Ecma General Assembly of June 1998 approved the sect
edition of ECMA262 to keep it fully aligned with ISO/IEC 1626€hanges between the first and the second edition
are editorial in nature.

The third edition of the Standard introduced powerful regular expressions, better string handling, new contr
statements, try/catch exception handling, tighter definition of erforsnatting for numeric output and minor changes

in anticipation of forthcomingnternationalisationfacilities and future language growtithe third edition ofthe
ECMAScript standard wasdopted by the Ecma General Assembly of December 1999ahtishel as|SO/IEC
16262:2002n June 2002.

Since publication of the third edition, ECMAScript has achieved massive adoption in conjunction with the Worl
Wide Web where it has become the programming language that is supported by essentially all web browse
Significant work was done to develop a fourth edition of ECMAScript. Although that work was not completed an
not published as the fourth edition of ECMAScript, it informs continuing evolution of the langu#@be present fifth
edition of ECMAScript (publshed as ECMA262 5" edition) codifies de facto interpretations of the language
specification that have become common among browser implementations and adds support for new features that |
emerged since the publication of the third edition. Such featureludeaccessor properties, reflective creation and
inspection of objects, program control of property attrilsutedditional array manipulation functions, support for the
JSON object encoding format, and a strict mode that provides enhanced errangheauk program security.

ECMAScript is a vibrant language and the evolution of the language is not com@egeificant technical
enhancement will continueith future editions of this specification.

This Ecma Standard has been adoptedheyGeneral Assembly of <month> <year>.

! Note: Please note that for ECMAScript Edi t i on 4 the Ecma st &®dar
Edition 4 was reserved but not used in -P6Re
4

0
Edi tion 0O as an Ecma I nternational publicati
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Scope
This Standard defines the ECMAScript scripting language.

Conformance

A conforming implementation of ECMAScript must provide and support bdl types, values, objects,
properties, functions, and program syntax and semantics described in this specification.

A conforming implementation of this International standard shall interpret characteemiormance with the
Unicode Standard, Versio8.0 or later and ISO/IEC 10646 with either UCS2 or UTF16 as the adopted
encoding form, implementation level 3. If the adopted ISO/IEC 10B46ibset is not otherwise specified, it is
presumed to be the BMP subset, collection 300. If the adopted encodimgifanot otherwise specified, it
presumed to be the UTE6 encoding form.

A conforming implementation of ECMAScript is permitted to provide additional types, values, objects,
properties, and functions beyond those described in this specification. Incydarti a conforming
implementation of ECMAScript is permitted to provide properties not described in this specification, anc
values for those properties, for objects that are described in this specification.

A conforming implementation of ECMAScript is paitted to support program and regular expression syntax
not described in this specification. In particular, a conforming implementation of ECMAScript is permitted tc
support program syntax that makes use iospecificaton.Af ut u

References
ISO/IEC 9899:1996 Programming Languadeg, including amendment 1 and technical corrigenda 1 and 2.

ISO/IEC 106461:1993 Information Technology Universal MultipleOctet Coded Character Set (UCS) plus
its amendments and igenda.

The Unicode Consortium. The Unicode Standard, Ver8i@n defined by: The Unicode Standard, Versi®e
(Boston, MA, AddisorWesley, 200. ISBN 0-201-616355).

Unicode Inc. (1998), Unicode Technical Report #15: Unicode Normalization Forms.

ANSI/IEEE Std 7541985: IEEE Standard for Binary FloatiRpint Arithmetic. Institute of Electrical and
Electronic Engineers, New York (1985).

Overview
This section contains a hemormative overview of the ECMAScript language.

ECMAScript is an objeebriented programming language for performing computations and manipulating
computational objects within a host environment. ECMAScript as defined here is not intended to b
computationally selsufficient; indeed, there are no provisions in this specificationirfput of external data

or output of computed results. Instead, it is expected that the computational environment of an ECMAScri
program will provide not only the objects and other facilities described in this specification but also certail
environmentspecific hostobjects, whose description and behaviour are beyond the scope of this specificatiol
except to indicate that they may provide certain properties that can be accessed and certain functions that
be called from an ECMAScript program.

A scripting languageis a programming language that is used to manipulate, customise, and automate tf
facilities of an existing system. In such systems, useful functionality is already available through a us
interface, and the scripting language is a mechanismexXposing that functionality to program control. In this
way, the existing system is said to provide a host environment of objects and facilities, which completes tl
capabilities of the scripting language. A scripting language is intended for use byphodéissional and nen
professional programmers.

ECMAScript was originally designed to bevéeb scripting languaggeproviding a mechanism to enliven Web
pages in browsers and to perform server computation as part of ab¥éelnl clienserver architecture.
ECMAScript can provide core scripting capabilities for a variety of host environments, and therefore the cor
scripting language is specified in this document apart from any particular host environment.



Some of the facilities of ECMAScript are similar toode used in other programming languages; in particular
Java , Self,and Schemas described in:

1
f
f
4.1
4.2
4.2.1

Gosling, James, Bill Joy and Guy Steele. The 9a|vanguage Specification. Addison Wesley Publishing
Co., 1996.

Ungar, David, and Smith, Randall B. Self: The vRs of Simplicity. OOPSLA '87 Conference
Proceedings, pp. 22241, Orlando, FL, October 1987.

IEEE Standard for the Scheme Programming Language. IEEE Std199(8

Web Scripting

A web browser provides an ECMAScript host environment for clsdé conputation including, for
instance, objects that represent windows, menus;yps) dialog boxes, text areas, anchors, frames, history,
cookies, and input/output. Further, the host environment provides a means to attach scripting code to events
such as charmgof focus, page and image loading, unloading, error and abort, selection, form submission,
and mouse actions. Scripting code appears within the HTML and the displayed page is a combination of
user interface elements and fixed and computed text and imagesscripting code is reactive to user
interaction and there is no need for a main program.

A web server provides a different host environment for sesige computation including objects
representing requests, clients, and files; and mechanisms t@ahatkhare data. By using browssade and
serverside scripting together, it is possible to distribute computation between the client and server while
providing a customised user interface for a \Abstsed application.

Each Web browser and server that supp& CMAScript supplies its own host environment, completing the
ECMAScript execution environment.

Language Overview

The following is an informal overview of ECMAScriptnot all parts of the language are described. This
overview is not part of the staadd proper.

ECMAScript is objectbased: basic language and host facilities are provided by objects, and an
ECMAScript program is a cluster of communicating objects. An ECMASasigect is a collection of
propertieseach with zero or morattributesthat cetermine how each property can be usddr example,
when theWritable attribute for a property is set tialse, any attempt by executed ECMAScript code to
change the value of the propefsils. Properties are containers that hold other objguisitive values or
functions. A primitive value is a member of one of the following btiiittypes:Undefined, Null, Boolean
Number, and String; an object is a member of the remaining binlttype Object; and afunction is a
callable object. A funiton that is associated with an object via a propeidyamethod

ECMAScript defines a collection djuilt-in objectsthat round out the definition of ECMAScript entities.
These builtin objects include th&lobal object, theObject object,the Function object, theArray object,
the String object, theBoolean object, theNumber object, theMath object, theDate object, theRegExp
object the JSON object, and the Error objectsError, EvalError , RangeError, ReferenceError,
SyntaxError, TypeErr or andURIError .

ECMAScript also defines a set of buit operators ECMAScript operators include various unary
operations, multiplicative operators, additive operators, bitwise shift operators, relational operators,
equality operators, binary bitwise apors, binary logical operators, assignment operators, and the comma
operator.

ECMAScript syntax intentionally resembledavasyntax ECMAScript syntax is relaxed to enable it to
serve as an eaggp-use scripting language. For example, a variable is egtired to have its type declared

nor are types associated with properties, and defined functions are not required to have their declarations
appear textually before calls to them.

Objects

ECMAScript does notuse classes such as those in C+Sinalltalk, or Javalnstead objects may be
created in various ways includinga a literal notation or via@onstructorswhich create objectand then
executecode thatinitialises all or part of them bysaigning initial values to their properties. Each
constructoris a function thatas aproperty namediprototype 0 that is used to implememirototype



4.2.2

based inheritanceand shared propertiesObjects are created by using constructorsemw expressions;

for example,new Date (2009,11 ) creates a neviDate object. Invoking a constructor without using
new has consequences that depend on the constructor. For exabue() produces a string

representation athe current date and timmather thamn object.

ECMAScipt supportsprototypebased inheritanceEvery object created by constructor has an implicit
reference (called th@ bj ect 6 s) tpor ott lve y pal ue o fiprototype Ocpoopesty r u C
Furthermore, a prototype may have a srarll implicit refererce to its prototype, and so on; this is called
the prototype chainWhen a reference is made to a property in an object, that reference is to the propert
of that name in the first object in the prototype chain that contains a property of that nameerin oth
words, first the object mentioned directly is examined for such a property; if that object contains th
named property, that is the property to which the reference refers; if that object does not contain tf
named property, the prototype for that objecexamined next; and so on.

In a classbased objecbriented language, in general, state is carried by instances, methods are carried &
classes, and inheritance is only of structure and behaviour. In ECMAScript, the state and methods &
carried by objets, and structure, behaviour, and state are all inherited.

All objects that do not directly contain a particular property that their prototype contains share tha
property and its value. The following diagram illustrates this:

A S | C——— >
B CF implicit prototype link
prototype " CFy .. >
P1 CFP1 explicit prototype property
P2
Y I Y
ESTTTTET G | oh cfs " i ofs [ H
ql ql ql ql ql
2 92 q2 q2 q2

CF is a constructor (ands® an object). Five objects have been created by usévg expressionscfy,

cf,, cf;, cfy, and c§. Each of these objects contains properties named ql and 2. The dashed line
represent the implicit prototype relationship; so, for examplgd ef p reois ©F Vhe constructor,

CF, has two properties itself, named P1 and P2, which are not visible,f@kFcf,, cf;, cfy, or ck. The
property named CFP1 in Gks shared by gf cf,, cf;, cf;, and cf (but not by CF), as are any properties
found in CF@ s i mp |l i c i hain that are oot yamed qt, g2, or CFP1. Notice that there is no
implicit prototype link between CF andF,.

Unlike classbased object languages, properties can be added to objects dynamically by assigning valu
to them. That is, asstructors are not required to name or assign values to all or any of the constructe

objectds properties. I'n the above dich,gfs escl, andn e
cfs by assigning a new value to the propertyOR,.

The Strict Variant of ECMAScript

The ECMAScript Language recognizes the possibility that some users of the language may wish
restrict their usage ofome features available in the language. They might do so in the interests of
security, to avoid what thegonsider to be error prone featurés,getenhancecerror checkingor for



other reasons of their choosing. In support of this possibility, ECMAScript defirstsct variantof the
languageThe strictvariantof the languagexcludes somespecific synactic and semantic features of the
regularECMAScript languageand modifies the detailed semantics of some featurhs. strict variant
also specifiemadditional error conditions thaustbe reported by throwing error exceptions in situations
that are nospecified as errors biye nonstrict form of thelanguage.

The strict variant of ECMAScript is commonly referred to asstréct modeof the language. Strict mode
selection and use of the strict mode syntax and semantics of ECMAScript is explicitlyamntuelevel

of individual ECMAScript code units. Because strict mode is selected at the level of a syctai#ic
unit, strict mode only imposes restrictions that have local effect within suodde unit. Strict mode
does not restrict or modify any asyeof the ECMAScript semantics that must operate consistently
across multiplecodeunits. A complete ECMAScript program may be composed for both strict mode and
non-strict mode ECMAScriptodeunits. In this case, strict mode only applies when actuallyeteg

code that is defined within a strict modedeunit.

In order to conform to this specification, an ECMAScript implementation must implement both the full
unrestricted ECMAScript language and the strict mode variant of the ECMAScript languageresi def
by this specification. In addition, an implementation must support the combination of unrestricted and
strict modecodeunits into a single composite program
4.3 Definitions
The following are informal definitions of key terms associated with ECMASCcri

4.3.1 Type
A typeis a set of data valuess defined in section 8 of this specification

4.3.2 Primitive Value

A primitive valueis a member of one of the typé&mndefined, Null, Boolean Number, or String. A
primitive value is a datum that is represeshidirectly at the lowest level of the language implementation.

4.3.3 Object
An objectis a member of the typ@bject. It is a collection of properties.

4.3.4 Constructor
A constructor is a Function object that creates and initialises objette value ofa constr uct c
fiprototype 0 property is aprototype object that 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 constructo cr eates an object, t hat o b efjoratotypemml! i ci t
propertyf or t he purpose of resol vi ng figratotypee roprgpertyeh er e n C
be referenced by the program expressimmstructor .prototype , and poperties added to an
objectds prototype are shared, t hr ou g Miternatikedyrai t an c
new object may be created with an explicitly specified prototype by usin@blect.create built-in

function.

4.3.6 Native Object

A native objectis any objectin an ECMAScript implementatiomwhose semantics are fully defined by
this specification rather than bythe host environment. Standard native objects are defined in this
specification. Some nativebgects are builin; others may be constructed during the course of execution
of an ECMAScript program.

4.3.7 Built-in Object

A built-in objectis any object supplied by an ECMAScript implementation, independent of the host
environment, which is present tite start of the execution of an ECMAScript program. Standard-built
objects are defined in this specification, and an ECMAScript implementation may specify and define
others. Every builin object is a native objecf built-in constructoris a builtin object that is also a
constructor.



4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

4.3.13

4.3.14

4.3.15

4.3.16

4.3.17

4.3.18

4.3.19

4.3.20

4.3.21

Host Object

A host objectis any object supplied by the host environment to complete the execution environment o
ECMAScript. Any object that is not native is a host object.

Undefined Value

Theundefined valeis a primitive value used when a variable has not been assigned a value.

Undefined Type
The typeUndefined has exactly one value, calleshdefined.

Null Value
Thenull value is a primitive value that represents tiientional absence of any other value

Null Type
The typeNull has exactly one value, callealll.

Boolean Value

A boolean valueis a primitive value that im member of the typ8oolean and is one of two unique
values,true and false.

Boolean Type

The typeBooleanrepresents a logical entity and consists of exactly two unique values. One is callec
true and the other is callefhlse.

Boolean Object

A Boolean objectis a member of the typ®bject and is an instancef the standardbuilt-in Boolean
constructor That is, a Boolean object is created by using the Boolean constructandw axpression,
supplying a boolean as an argument. The resulting object has an implicit (unnamed) property that is t
boolean.A Boolean object can be coerced to a boolean value.

String Value

A string valueis a primitive value that i® member of the typ8tring and is a finite ordered sequence of
zero or more 1®it unsigned integer values.

NOTE

Although each value usuglirepresents a single i6it unit of UTF16 text, the language does not place
any restrictions or requirements on the values except thatrhestbe 16bit unsigned integers.

String Type

The typeString is the set of all string values.

String Object

A String objectis a member of the typ®bject and is an instance of thstandardbuilt-in String
constructor That is, a String object is created by using the String constructor nawaexpression,
supplying a string as an argument. Theuléing object has an implicit (unnamed) property that is the
string. A String object can be coerced to a string value by calling the String constructor as a functio
(15.5.1).

Number Value
A number valueis a primitive value that im member of théype Number and is a direct representation
of a number.

Number Type

The typeNumber is a set ofprimitive values representing numbers. In ECMAScript, the set of values
represents the doubferecision 64bit format IEEE 754 values including the spea | -a@N\uonib er 0O
(NaN) values, positive infinity, and negative infinity.

Number Object

A Number objectis a member of the typ®bject and is an instance of th&tandardbuilt-in Number
constructor That is, a Number object is created by gsthe Number constructor in mew expression,



4.3.22

4.3.23

4.3.24

4.3.25

4.3.%6

4.3.27

4.3.8

4.3.9

4.330

4.331

supplying a number as an argument. The resulting object has an implicit (unnamed) property that is the
number. A Number object can be coerced to a number value by calling the Number constructor as a

function (15.7.1).
Infinity

The primitive valuelnfinity represents the positive infinite number value. This value is a member of the

Number type.
NaN

The primitive valueNaN represents the set of IEE/54A NeatNu mber 0 val ues.

of the Number type.

Function

Thi s ve

A function is a member of the typ®bject that may be invoked as a subroutite addition to its named
properties, a function contairxecutablecode and state that determine how it behaves when invoked. A

f unct ide mays maymotbewrittenin ECMAScript.

Built-in Function

A built-in function is a native function that is a builin object of the language, such parseint and
Math.exp. An implementation may also provide implementatiependentuilt-in functions that are

not described in this specification.

Property

A propertyis an association between a nhame and a vHlaeis part of an objectDepending upon the
form of the property the value may bepresenteaitherdirectly asa data value (@rimitive value, an
object, or a functiombjec) or indirectly bya pair ofaccessofunctions.

Method

A methodis a function that is the value of a property¥hen a function is called as a method of an

object, the object is passed to the functamitsthis value.

Attribute

An attribute is an internal value that defines some characteristic of a property.

Own Property

An own property of an object is a property that is direptigsent orthat object.

Inherited Property
An inherited propertyis a property of an object that is not one of its own properties but is a property

(either
Built-in Method

own

or

nherited)

of

t he

object 6s

prototypg

A built-in methodis any methodhat is a builtin function Standard buiin metods are defined in this
specification, and an ECMAScript implementation may specify and define othdrsilt-in method isa

Built-in function.



5 Notational Conventions

5.1

5.1.1

5.1.2

5.1.3

5.1.4

Syntactic and Lexical Grammars

This section describes the contdrte grammarsused in this specification to define the lexical and
syntactic structure of an ECMAScript program.

Context-Free Grammars

A contextfree grammarconsists of a number gfroductions Each production has an abstract symbol
called anonterminalas itsleft-hand side and a sequence of zero or more nonterminal &mchinal
symbols as itgight-hand side For each grammar, the terminal symbols are drawn from a specified
alphabet.

Starting from a sentence consisting of a single distinguished nonterminal tlégoal symbola given
contextfree grammar specifies language namely, the (perhaps infinite) set of possible sequences of
terminal symbols that can result from repeatedly replacing any nonterminal in the sequence with a rigf
hand side of a produion for which the nonterminal is the leffiand side.

The Lexical and RegExp Grammars

A lexical grammarfor ECMAScript is given in clause 7. This grammar has as its terminal symbols
charactergUnicode code units)that conform to the rules fofourceCharactedefined in section 6lt
defines a set of productions, starting from the goal synymitElementDivor InputElementRegExphat
describe how sequencessfchcharacters are translated into a sequendamit elements.

Input elements other than white space and comments form the terminal symbols for the syntact
grammar for ECMAScript and are called ECMAScripkens These tokens are the reserved words,
identifiers, literals, and punctuators of the ECBéript language. Moreover, line terminators, although
not considered to be tokens, also become part of the stream of input elements and guide the proces:
automatic semicolon insertior7 ©). Simple white space and singliee comments are discarded add

not appear in the stream of input elements for the syntactic grammbitul#LineComment(that is, a
comment of *fenWe fregmaridl ess of whether it spans
discarded if it contains no line terminator; but if MultiLineCommentcontains one or more line
terminators, then it is replaced by a single line terminator, which becomes part of the stream of inp
elements for the syntactic grammar.

A RegExp grammafor ECMAScript is given in 15.10. This grammar also fessits terminal symbols
the characterss defined bySourceCharacterlt defines a set of productions, starting from the goal
symbolPattern that describe how sequencescbhracters are translated into regular exposgpiatterns.

Productions of t he |l exi cal and RegEXxp gr:ammaiss
separating punctuation. The lexical and RegExp grammars share some productions.

The Numeric String Grammar

A second grammar is used for trartgtg 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
SourceCharacter This grammar appears in 9.3.1.

Producti ons of t he numeri c string grammar:: ar easd
punctuation.

The Syntactic Grammar

The syntactic grammarfor ECMAScript is given in clauses 11, 12, 13 and 14. This grammar has
ECMAScript tokens defined by thexical grammar as its terminal symbols (5.1.2). It defines a set of
productions, starting from the goal symhbi®togram that describe how sequences of tokens can form
syntactically correct ECMAScript programs.

When a stream ofharacters is to beapsed as an ECMAScript program, it is first converted to a stream
of input elements by repeated application of the lexical grammar; this stream of input elements is the
parsed by a single application of the syntax grammar. The program is syntacticathpirif the tokens

in the stream of input elements cannot be parsed as a single instance of the goal nonEnogiraah,

with no tokens left over.



Productions of the syntactic grammao asepdhetiuaguo

The syractic grammar as presented in sectidds 12, 13 and 14s actually not a complete account of

which token sequences are accepted as correct ECMAScript programs. Certain additional token
sequences are also accepted, namely, those that would be desgritied drammar if only semicolons

were added to the sequence in certain places (such as before line terminator characters). Furthermore,
certain token sequences that are described by the grammar are not considered acceptable if a terminator
characterappear i n certain filawkwardod pl aces.

5.15 The JSON Grammar

The JSONgrammaris used to translate a string describing a set of ECMAScript objects into actual
objects. The JSON grammar is given in 15112

The JSON gramar consiss of the JSON lexical grammar and the JSON syntactic gamhihe BON
lexical grammar is used to translatharacter sequences into tokeand is similar to parts of the
ECMAScript lexical grammar. The JSON syntactic gramm@scribeshow sequences of tokens from the
JSON lexical grammar can form syntacticallymxt JSON object descriptions.

Productions of the JSON | exical grammar aarsegastt
punctuation. The JSON lexical grammar uses some productions from the ECMAScript lexical grammar.
The JSON syntactic grammar $émilar to parts of the ECMAScript syntactic grammar. Productions of

the JSON syntactic grammar are ds$ssepguashed pynact

5.16 Grammar Notation
Terminal symbols of the lexical and string grammars, and someeofettminal symbols of the syntactic
grammar, are shown ifixed width font, both in the productions of the grammars and throughout

this specification whenever the text directly refers to such a terminal symbol. These are to appear in a
program exactly as mitten. All terminalsymbolcharacters specified in this way are to be understood as
the appropriate Unicode character from the ASCII range, as opposed to any -$omieng characters

from other Unicode ranges.

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

of the nonterminal being defined followed by one or more colons. (The number of colons indicates to
which grammar the production belongs.) One or more alternative-higil sides fothe nonterminal

then follow on succeeding lines. For example, the syntactic definition:

WhileStatement
while ( Expressior) Statement

states that the nontermin®hileStatementepresents the tokewhile , followed by a left parenthesis
token, followed ly an Expression followed by a right parenthesis token, followed bytatementThe
occurrences oExpressionand Statemenare themselves nonterminals. As another example, the syntactic
definition:

ArgumentList
AssignmentExpression
ArgumentList, AssigimentExpression

states that amirgumentListmay represent either a singlessignmentExpressioar an ArgumentList
followed by a comma, followed by arssignmentExpressionThis definition of ArgumentListis
recursive that is, it is defined in terms ofsielf. The result is that aArgumentListmay contain any
positive number of arguments, separated by commas, where each argument expression is an
AssignmentExpressioisuch recursive definitions of nonterminals are common.

The subscr ioptt,e dtBaydppeaxaftadir a terminal or nonterminal, indicate®ional
symbol The alternative containing the optional symbol actually specifies two-hight sides, one that
omits the optional element and one that includes it. This means that:

VariableDeclaation :
Identifier Initialiser,y

is a convenient abbreviation for:



VariableDeclaration:
Identifier
Identifier Initialiser

and that:

IterationStatement
for ( ExpressionNolgy, ; Expressiog, ; Expressiog, ) Statement

is a convenient abbreviation for

IterationStatement
for (; Expressiog, ; Expressiop, ) Statement
for ( ExpressionNoln; Expressiog, ; Expressiog, ) Statement

which in turn is an abbreviation for:

IterationStatement
for (;; Expressiogy, ) Statement
for (; Expression; Expressiogy ) Statement
for ( ExpressionNoln; ;  Expressiop, ) Statement

for ( ExpressionNoln; Expression; Expressiog, ) Statement

which in turn is an abbreviation for:

IterationStatement
for (;;) Statement
for (;; Expression) Statement
for ( ; Expression;) Statement
for (; Expression; Expression) Statement

for ( ExpressionNoln ;) Statement

for (  ExpressionNoln; Expression) Statement

for ( ExpressionNoln Expression;)  Statement

for (  ExpressionNoln Expression; Expression) Sttement

so the nontermindterationStatemenactually has eight alternative righand sides.

| f t he [eppty)0 aad gp diar s -hansl sidetokea produgtion, it indicates that the production's
right-hand side contains no terminals or nonterminals.

I f t h e [lgpkbheadi ss€0 fAa p p e ar s -hanmd sidehod a pradgction, it indicates that the
production may not be used if the immediately following inakenis a member of the giveset The
setcan be written as a list of termisaknclosed in curly braces. For convenience, the set can also be
written as a nonterminal, in which case it represents the set of all terminals to which that nontermin
could expand. For example, given the definitions

DecimalDigit:: one of
0123456789

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

the definition

LookaheadExample
N [lookahead {1,3,5,7,9)] DecimalDigits
DecimalDigit [lookahead DecimalDigit]

matches either the letterfollowed by one or more decimalgits the first of which is even, or a decimal
digit not followed by another decimal digit.



5.2

| f t he [npUneTansn@orhdiep appear s -hamd sidehoé a pradgctioh of the syntactic
grammar, it indicates that the production & restricted poduction it may not be used if a
LineTerminatoroccurs in the input stream at the indicated position. For example, the production:

ReturnStatement
return [no LineTerminatothere] EXpreSSiOth;
indicates that the production may not be used [fimeTa@minator occurs in the program between the
return token and thd&xpression

Unless the presence of lineTerminatoris forbidden by a restricted production, any number of
occurrences ofineTerminatormay appear between any two consecutive tokens in tiearstof input
elements without affecting the syntactic acceptability of the program.

When t heonsvobr dfsolfil ow t he <col on(s) in a grammar def
terminal symbols on the following line or lines is an alternative daéini For example, the lexical
grammar for ECMAScript contains the production:

NonZeroDigit:: one of
123456789

which is merely a convenient abbreviation for:

NonZeroDigit::

O©CoO~NOOOUOTA,WNPE

When an alternative in a production of the leadi grammar or the numeric string grammar appears to be
a multi-character token, it represents the sequence of characters that would make up such a token.

The righthand side of a production may specify that certain expansions are not permitted by @sing th
phr absteotti and t hen indicating the expansions to be

Identifier ::
IdentifierNamebut not ReservedWord
means that the nonterminkalentifier may be replaced by any sequence of characters that could replace
IdentifierNameprovided that the same sequence of characters could not répésesvedWord

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

SourceCharater ::

any Unicodecode unit

Algorithm Conventions

The specification often uses a numbered list to specify steps in an algorithm. These algorithms are used to
precisely specify the requiredemanticsof ECMAScript language construct§he algrithms are not
intended to imply the use of any specific implementation techniupractice, there may be more efficient
algorithms available to implement a given feature.

In order to facilitate their use in multiple parts of this specificatisame #&orithms, calledabstract
operations are named and written in parameterized functional form so that they may be referenced by name
from within other algorithms.

-10 -



When an algorithm is to produce X V&l we cabsthatahern &
result of the algorithm is the value &fand that the algorithm should terminate. The notation Reguik(
used as shorthandndf.or fithe result of step

For clarity of expression, algorithm steps may be subdivided into sequential sut&tepteps are indented
and may themselves be further divided into indented substeps. Outline numbering conventions are usec
identify substeps with the first level of substeps labeled with lower case alphabetic characters and tl
second level of substegabelled with lower case roman numerals. If more than three levels are requirec
these rules repeat with the fourth level using numeric labels. For example:

1. Top-level step

a. Substep.

b. Substep
i. Subsubstep.
ii. Subsubstep.

1. Subsubsubstep
a. Subsubsubsubstep

A step orsubstep may be written asfiai pr@dicate that conditions its substeps. In this case, the substeps
are only applied if the predicate i s t,itisa predicdte a
that is the negation of the precediiig predicate step at the same level.

A step nmay specify the iterative application of its substeps.

Mathematical operations such as addition, subtraction, negation, multiplication, division, and thi
mathematical functions defined later in this section shoudldagys be understood as computing exact
mathematical results on mathematical real numbers, which do not include infinities and do not include
negative zero that is distinguished from positive zero. Algorithms in this standard that model flogiting
arithmetic include explicit steps, where necessary, to handle infinities and signed zero and to perfor
rounding. If a mathematical operation or function is applied to a flogimigt number, it should be
understood as being applied to the exact mathematiakle represented by that floathpgint number;
such a floatingpoint number must be finite, and if it #0 or - 0 then the corresponding mathematical value

is simply 0.

The mathematical function abg(yields the absolute value &f which is- x if x is negative (less than zero)
and otherwise ig itself.

The mathematical function sigx)(yields 1 ifx is positive and 1 if x is negative. The sign function is not
used in this standard for cases wheis zero.

The nokmaduloyny itiust be finiteand nonzero) computes a valkef the same sign as(or zero)
such that ab&j < absgy) andx- k =q 3 y for some integeq.

The mathematical function floox) yields the largest integer (closest to positive infinity) that is not larger
thanx.

NOTE
floor(x) = x- (x modulo 1).

I f an algorithm is defined to Athrow an excepti o
returned. The calling algorithms are also terminated, until an algorithm step is reached that explicitly dea
with theexcp t i o n, using terminology such as Alf an exc

has been encountered the exception is no longer considered to have occurred.

Source Text

ECMAScript source text is represented as a sequence of characteesUnitode character encoding, version
3.0 or later The text is expected to have been normalised to Unicode Normalised Form C (canonice
composition), as described in Unicode Technical Report #15. Conforming ECMASamlementations are

not required to perform any normalisation of text, or behave as though they were performing normalisation |

text, themselves.ECMAScript souce text is assunteto bea sequence of 1bit code units for th@urposes
of this specifiation. Such a source text may include sequenced ®bit code units that are not valid UTEo
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character encodingdf an actual source text iencodedin a form other tharl6-bit code unitsit must be
processed as if it was first convert to UIB.

Sour@Character:
any Unicodecode unit

Throughout the rest ofcod¢eunibs addcumenwordhéchhraseéeefo
a 16bit unsigned value used to represent a singkbit@nit oft e x t . The phhasa&ctiddmdo cwidl
used to refer to the abstract linguistic or typographical unit represented by a single Unicode scalar value
(which may be longer than 16 bits and thus may be represented by more theodeneni). The phr ase fic
pointo redebtsi todsusbal ar v a bnlyeefersfioléntities cegdresentett layrsiagiet e r 0
Uni code scal ar val ues: the components of a combini

characters, 0 even though auengesas asingle chardctet hi nk of t he w

In string literals, regular expression literand identifiers, any charactecqde uni}y may also be expressed

as a Unicode escape sequence consisting of six characters, damplys four hexadecimal digits. Within a
comment, such an escape sequence is effectively ignored as part of the comment. Within a string literal or
regular expression literal, the Unicode escape sequence contributes one character to the value of the literal.
Within an identifier, the escape sequemoatributes one character to the identifier.

NOTE

Al t hough this document sometimes refers to a Atransf
the 16bit unsigned integer that is th@de unitof that character, there is actually no transfoation because

a ficharactero within a Astringbidunsignedavalieual |y represen

ECMAScript differs from the Java programming language in the behaviour of Unicode escape sequences. In a
Java program, if the Unicode escape sequengB00A, for example, occurs within a singlime comment, it

is interpreted as a line terminator (Unicode charact®0A is line feed) and therefore the next character is

not part of the comment. Similarly, if the Unicode escape sequemn@@0A occurs withn a string literal in a

Java program, it is likewise interpreted as a line terminator, which is not allowed within a string &itersed

must write\ n instead of\ uOOOA to cause a line feed to be part of the string value of a string literal. In an
ECMAScrig program, a Unicode escape sequence occurring within a comment is never interpreted and
therefore cannot contribute to termination of the comment. Similarly, a Unicode escape sequence occurring
within a string literal in an ECMAScript program always coibuites a character to the string value of the
literal and is never interpreted as a line terminator or as a quote mark that might terminate the string literal.

7 Lexical Conventions

The source text of an ECMAScript program is first converted into a sequehimput elements, which are
tokens line terminators, comments, or white space. The source text is scanned from left to right, repeatedly
taking the longest possible sequence of characters as the next input element.

There are two goal symbols for thexieal grammar. ThdnputElementDivsymbol is used in those syntactic
grammar contexts where a division/ )( or divisionassignment /€ ) operator is permitted. The
InputElementRegExpymbol is used in other syntactic grammar contexts.

Note that contexts exisn the syntactic grammar where both a division andegularExpressionLiterahre
permitted by the syntactic grammar; however, since the lexical grammar usdapthi&ElementDivgoal
symbol in such cases, the opening slash is not recognised as starggglar expression literal in such a
context. As a workaround, one may enclose the regular expression literal in parentheses.

Syntax

InputElementDiv:
WhiteSpace
LineTerminator
Comment
Token
DivPunctuator
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InputElementRegExp
WhiteSpace
LineTerminator
Comment
Token

7.1

7.2

RegularExpressionLiteral

Unicode Format-Control Characters

The Unicode format ont r ol characters (i.e., the <charactei
Database such asFT-TO-RIGHT MARK Or RIGHT-TO-LEFT MARK) are control codesised to control the
formatting of a range of text in the absence of higlesel protocols for this (such as maulp languages).

It is useful to allow formatontrol characters in source text to facilitate editing and disphdlyformat
control charactergnay be used in within comments, and within string literals and regular expression
literals.

<ZWNJ> and <ZWJ> are format control characters that are used to make necessary distinctions wh
forming words or phrases in certain languages. In ECMAScriptceotaxt,<ZWNJ> and <ZWJ> maglso
be used in an identifier after the first character.

<BOM> is a formaicontrol character used primarily at the start of a text to mark it as Unicode and to allow
detection of the text's encoding and byte order. <BOM> attars intended for this purpose can sometimes
also appear after the start of a text, for example as a result of concatenatingZNéSP> is a format
control character used for line break control when justifying telxt. ECMAScript source textcZWSP>
and<BOM> characters are treated w&hite space characters (7.2).

The following formatcontrol characters have special treatment outside of coments, string literals, anc
regular expression literals

CodeUnit Value Name Formal Name Usage

\ u200B Zero width space <ZWSP> Whitespace

\ u200C Zero widh nonjoiner <ZWNJ> IdentifierPart

\ u200C Zero widthjoiner <ZWJ> IdentifierPart

\ UFEFF Byte Order Mark <BOM> Whitespace
White Space

1.White space characters are used to improve source text readability and to separate tokens (indivisi
lexical units) from each other, but are otherwise insignificant. White sgdegacteramay occur
between any two tokens, and may occur witlhirsStringLiteral or a RegularExpressionLiteral
(where they are considered significant characters forming part ofitéral value) or within a
Commentbut cannot appear within any other kind of token.

The following characters are considered to be white space:

CodeUnit Value Name Formal Name

\ u0009 Tab <TAB>

\ uo00B Vertical Tab <VT>

\ u000C Form Feed <FF>

\ u0020 Space <SP>

\ UOOAO No-break space <NBSP>

\ UFEFF Byte Order Mark <BOM>

Ot her <categ Any other Unicode <USP>
ifspace sepa
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ECMAScript implementations must recognize all of thaite space characters defined in Unicode 3.0.
Later editions of the Unicode Standard may define other white space characters. ECMAScript
implementations may recognize white space characters from later editions of the Unicode Standard.

Syntax
WhiteSpace:
<TAB>
<VT>
<FF>
<SP>
<NBSP>
<BOM>
<USP>
7.3 Line Terminators
Like white space characters, line terminator characters are used to improve source text readability and to
separate tokens (indivisible lexical units) from each other. Howeverkainihite space 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 few places where they are forbidden by the syntactic
grammar.Line terminators also affect the process of automatic semicolon insertion &71B)e terminator
cannot occur within any tokeaxcepta StringLiteral Any line terminators within &tringLiteral token
must bepreceded by an escape sequence
A line terminator can occurs within aMultiLineComment (7.4) but cannot occur within a
SingleLinl€omment
Line terminators are included in the set of white space characters that are matched\lsy dlass in
regular expressions.
The following characters are considered to be line terminators:
CodeUnit Value Name Formal Name
\ UOOOA Line Feed <LF>
\ uo00D Carriage Return <CR>
\ u2028 Line separator <LS>
\ u2029 Paragraph separator <PS>
Only the characters in the above table areated as line terminators. Other new line or line breaking
characters are treated as white space butasoline terminatorsThe character sequence <CR><LF> is
commonly used as lane terminator.lt should be considered a single character for the purpose of reporting
line numbers.
Syntax
LineTerminator:
<LF>
<CR>
<LS>
<PS>
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LineTerminatorSequence
<LF>
<CR> [lookahead <LF> ]
<LS>
<PS>
<CR> <LF>

7.4 Comments
Description

Comments can be either single or mditie. Multi-line comments cannot nest.

Because a singiine comment can contain any character exceptn@ Terminatorcharacter, and because

of the general rule that a token is always as long as possible, a dingleomment always consists of all
characters from thg marker to the end of the line. However, thimeTerminatorat the end of the line is

not considered to be part of the singjlge comment; it is recognised separately by the lexical grammar and
becomes part of the stream of input elements for the syntactic grammar. This point is very importan
because it implies that the presence or absence of dlinglecomments does not affect thgocess of
automatic semicolon insertion (7.9).

Comments behave like white space and are discarded except thafjultinineCommentcontains a line
terminator character, then the entire comment is considered td_e@erminatorfor purposes of parsm
by the syntactic grammar.

Syntax

Comment:
MultiLineComment
SingleLineComment

MultiLineComment:
I* MultiLineCommentChagg; */

MultiLineCommentChars
MultiLineNotAsteriskChar MultiLineCommentChgys
* PostAsteriskCommentChaggs

PostAsteriskCommenhars::
MultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChars
* PostAsteriskCommentChggs

MultiLineNotAsteriskChar:
SourceCharactebut not asterisk*

MultiLineNotForwardSlashOrAsteriskChar
SourceCharactebut not forward-slash/ or asteisk *

SingleLineComment
Il SingleLineCommentChags

SingleLineCommentChars
SingleLineCommentChar SingleLineCommentChars

SingleLineCommentChar
SourceCharactebut not LineTerminator
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7.5 Tokens
Syntax
Token::
IdentifierName
Punctuator
NumericLteral
StringLiteral
NOTE
TheDivPunctuatorand RegularExpressionLitergiroductions defingéokens, but are not included in tH@ken
production.
7.6 Identifier Names and Identifiers
Description
Identifier Namesaretokens that arénterpreted according to the grammar givertime fAl dent i f i er ¢
of chapter5 of the Unicode standard, with some small modificatiofs.ldentiferis anldentifierNamethat
is not a ReservedWordThe Unicode identifiergrammar is based on both normative and informative
character categories specified by the Unicd®tandard The characters in the specified categories in
version3.0 of the Unicode standard must be treated as in those categories by all conforming ECMAScript
implementations.
This standard specifiespecific character additionhe dollar sign$) and the underscore) are permitted
anywhere in aridentifierName
Unicode escape sequences are also permitted identifierName where they contribute a single character
to theldentifierName as computed by the CV of thiénicodeEscapeSegnce(see 7.8.4). Thé preceding
the UnicodeEscapeSequencedoes not contribute a character to thédentifi’|lName A
UnicodeEscapeSequencannot be used to put a character intoldentifierNamethat would otherwise be
illegal. In other words, if a\ UnicodeEscapeSequencesequence were replaced by its
UnicodeEscapeSequeriseCV, the result must still be a validlentifierName that has the exact same
sequence of characters as the origindéntifierName All interpretations of identifiers within this
specification are based upon their actual characters regardless of whether or not an escape sequence was
used to contribute any particular characters.
Two ldentifierNamethat are canonically equivaleaccording to the Unicode standard aa equal unless
they are represented by the exact same sequencedef unis (in other words, conforming ECMAScript
implementations are only required to do bitwise comparisondemtifierNamevalueg. The intent is that
the incoming source text has been converted to normalised form C before it reaches the compiler.
ECMAScript implementations may recognize identifier characters defined in later editions of the Unicode
Standard. If portability is a conoer programmers should only employ identifier characters defined in
Unicode 3.0.
Syntax
Identifier ::
IdentifierNamebut not ReservedWord
IdentifierName ::
IdentifierStart
IdentifierName IdentifierPart
IdentifierStart ::

UnicodeLetter

$

\ UnicodeEscapeSegnce
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IdentifierPart ::
IdentifierStart
UnicodeCombiningMark
UnicodeDigit
UnicodeConnectorPunctuation
<ZWNJ>
<ZWJ>

UnicodeLetter

any character in the Unicode categories #AUppercase

iModi fter [(E&m)o, Aot her |l etter (Lo)o, or HALetter nun
UnicodeCombiningMark

any character in t hsepamiing dnea rckat(eMm)rd ecsr AMNGoombi ni ng
UnicodeDigit

any character in the Unicode category fADeci mal numb e
UnicodeConnectorPunctuation

any character in the Unicode category fiConnector pur

UnicodeEscapeSequence
see 7.8.4.

7.6.1 Reserved Words
Description

A reserved word is aldentiferNamehat cannot be used as ktentifier.

Syntax

ReservedWord
Keywad
FutureReservedWord
NullLiteral
BooleanLiteral

7.61.1 Keywords
The following tokens are ECMAScript keywords and may not be usddetifiersin ECMAScript

programs.
Syntax
Keyword:: one of
break do instanceof typeof
case else new var
catch final ly return void
continue for switch while
debugger function this with
default if throw
delete in try

7.61.2 Future Reserved Words

The following words are used as keywords in proposed extensions and are therefore reserved to all
for the possibiliy of future adoption of those extensions.

Syntax

FutureReservedWord one of
class enum extends super
const export import
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The following tokensare also considered to HeutureReservedWordwhen they occur within strict
mode code (10.1.1)he occurrace ofany of these tokens within strict mode code myaontext where
the occurrence of RutureReservedWordsould produce an error must also produce an equivalent:error

implements let
interface package
7.7 Punctuators
Syntax
Punctuator:: one of
{ } (
>= == 1=
+ - *
<< >> >>>
! ~ &&
= += -=
>>= >>>= &=

DivPunctuator:: one of
/ /=

7.8 Literals

Syntax

Literal ::
NullLiteral
BooleanLiteral
NumericLiteral
StringLiteral

7.8.1

Syntax
NullLiteral ::
null

Null Literals

Semantics
The value of the null literahull

7.8.2

Syntax

BooleanLiteral::
true
false

Boolean Literals

Semantics
The value of the Boolean liter&iue

The value of the Boolean liter&dlse

private public
protected static
) [ ]
< > <=
=== ==
% ++ -
& | A
| ?
*= %= <<=

is the sole value of the Null type, namelyll.

is a value of the Boolean type, namélye.

is a value of the Boolean type, naméfyse.
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7.8.3 Numeric Literals
Syntax

NumericLiteral::
DecimallLiteral
HexIntegerLiteral

DecimallLiteral::
DecimallntegerLiteral DecimalDigits,: ExponentPag,
. DecimalDigits ExponentPayj;
DecimallntegerLiteral ExponentPapt

DecimalintegerLiterat:
0
NonZeroDigit DeanalDigits,y

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit:: one of
0123456789

NonZeroDigit:: one of
123456789

ExponentPart:
Exponentindicator Signedinteger

Exponentindicator: one of
e E

Sigredinteger:
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexlIntegerLiteral:
0x HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit:: one of
0123456789abcdefABCDEF

The source character immediately followgi a NumericLiteral must not be anldentifierStart or
DecimalDigit

NOTE
For example:

3in
is an error and not the two input elemeltandin.
Semantics

A numeric literal stands for a value of the Number type. This value is determined in two steps first,
mathematical value (MV) is derived from the literal; second, this mathematical value is rounded a
described below.
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The MV of NumericLiteral:: DecimalLiteralis the MV ofDecimalLiteral

The MV of NumericLiteral:: HexIntegerLiterals the MV ofHexIntegerLiteral.

The MV of DecimallLiteral:: DecimalintegerLiteral is the MV ofDecimalintegerLiteral

The MV of DecimalLiteral :: DecimalintegerLiteral. DecimalDigitsis the MV of DecimallntegerLiteral
plus (the MV ofDecimalDigitstimes 10", wheren is the number of characters ecimalDigits.

The MV of DecimalLiteral :: DecimalintegerLiteral. ExponentParts the MV of DecimalintegerLiteral
times 16, whereeis the MV of ExponentPart

A The MV of DecimalLiteral :: DecimallntegerLiteral. DecimalDigits EponentPartis (the MV of
DecimallntegerLiteralplus (the MV of DecimalDigitstimes 10") times 16, wheren is the number of
characters iecimalDigits ande is the MV ofExponentPart

The MV of DecimalLiteral::. DecimalDigitsis the MV of DecimalDigitstimes 10", wheren is the number
of characters ilDecimalDigits.

The MV of DecimalLiteral::. DecimalDigits ExponentPais the MV of DecimalDigitstimes 16", where
nis the number of charactersecimalDigits andeis the MV ofExponentPart

The MV of DecimallLiteral:: DecimalintegerLiterais the MV ofDecimalintegerLiteral

The MV of DecimalLiteral :: DecimallntegerLiteral ExponentPait the MV of DecimalintegerLiteral
times 16, whereeis the MV of ExponentPart

The MV of DecimalintegerLiterat: O is 0.

The MV of DecimallntegerLiteral:: NonZeroDigitDecimalDigitsis (the MV of NonZeroDigittimes 10)
plus the MV ofDecimalDigits wheren is the number of charactersecimalDigits

The MV of DecimalDigits:: DecimalDigitis the MV ofDecimalDuyit.

The MV of DecimalDigits:: DecimalDigitsDecimalDigitis (the MV of DecimalDigitstimes 10) plus the
MV of DecimalDigit

The MV of ExponentPart: Exponentindicator Signedintegisrthe MV of Signedinteger

The MV of Signedinteger. DecimalDigitsis the MV of DecimalDigits

The MV of Signedinteger. + DecimalDigitsis the MV of DecimalDigits

The MV of Signedlinteger: - DecimalDigitsis the negative of the MV dbecimalDigits

The MV of DecimalDigit:: 0 or of HexDigit:: 0 is 0.

The MV of DecimalDugit :: 1 or of NonZeroDigit:: 1 or of HexDigit:: 1 is 1.

The MV of DecimalDigit:: 2 or of NonZeroDigit:: 2 or of HexDigit:: 2 is 2.

The MV of DecimalDigit:: 3 or of NonZeroDigit:: 3 or of HexDigit:: 3 is 3.

The MV of DecimalDigit:: 4 or of NonZerdigit :: 4 or of HexDigit:: 4 is 4.

The MV of DecimalDigit:: 5 or of NonZeroDigit:: 5 or of HexDigit:: 5 is 5.

The MV of DecimalDigit:: 6 or of NonZeroDigit:: 6 or of HexDigit:: 6 is 6.

The MV of DecimalDigit:: 7 or of NonZeroDigit:: 7 or of HexDigit :: 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.

The MV of HexDigit:: a or of HexDigit:: Ais 10.

The MV of HexDigit:: b or of HexDigit :: Bis 11.

The MV of HexDigit :: ¢ or of HexDigit:: Cis 12.

The MV of HexDigit:: d or of HexDigit:: Dis 13.

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

The MV of HexDigit:: f or of HexDigit:: Fis 15.

The MV of HexIntegerLiterat: 0x HexDigitis the MV ofHexDigit

The MV of HexIntegerLiterat: 0X HexDigitis the MV ofHexDigit

The MV of HexIntegerLiteral:: HexIntegerLiteralHexDigitis (the MV of HexIntegerLiterattimes 16) plus
the MV of HexDigit

>> > > > D> >

> >

> >

T D DD DD D D D D D B D D D D D D D D D D

Once the exact MV for a numeridédral has been determined, it is then rounded to a value of the Number
type. If the MV is 0, then the rounded value+®; otherwise, the rounded value must the number

value for the MV (in the sense defined in 8.5), unless the literalDe@mallLiterd and the literal has

more than 20 significant digits, in which case the number value may be either the number value for the
MV of a literal produced by replacing each significant digit after the 20th wihddgit or the number
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value for the MV of a liteal produced by replacing each significant digit after the 20th widhdégit and
then incrementing the literal at the 20th significant digit position. A dig#igsificantif it is not part of
an ExponentParand

9 itis notO; or
1 there is a nonzero digto its left and there is a nonzero digit, not in EgonentPartto its right.

A conforming implementation, when processing strict mode code(10hugtnot extend the syntax of
NumericLiteralto includeOctallntegerLiteralas described in B.1.1

7.8.4 String Literals

A string literal is zero or more characters enclosed in single or double quotes. Each character may
represented by an escape sequerde characters may appear literally in a string literal except for the

closing quote baracter, backslash, carriage retuling separator, paragraph separatand line feed.
Any character may appear in the form of an escape sequence.

Syntax

StringLiteral::
" DoubleStringCharactegs; "
' SingleStringCharactegs '

DoubleStringCharactes::
DoubleStringCharacter DoubleStringCharactgys

SingleStringCharacters
SingleStringCharacter SingleStringCharactgrs

DoubleStringCharacter.
SourceCharactebut not doublequote” or backslasih or LineTerminator
\ EscapeSequence
LineContinuatio

SingleStringCharacter.
SourceCharactebut not singlequote’ or backslasi or LineTerminator
\ EscapeSequence
LineContinuation

LineContinuation:
\ LineTerminatoBequence

EscapeSequence
CharacterEscapeSequence
O [lookahead DecimalDigif
HexEsapeSequence
UnicodeEscapeSequence

CharacterEscapeSequence
SingleEscapeCharacter
NonEscapeCharacter

SingleEscapeCharacter one of
t \' bfnrtyv
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NonEscapeCharacter
SourceCharactebut not EscapeCharacteor LineTerminator

EscapeCharacter.
SingleEscapeCharacter
DecimalDigit
X
u

HexEscapeSequence
x HexDigit HexDigit

UnicodeEscapeSequence
u HexDigit HexDigit HexDigit HexDigit
The definitions of the nonterminaliexDigit is given in section7.6. SourceCharactelis described in
sections2 and 6.

A string literal stands for a value of the String type. The string value (SV) of the literal is described in
terms of character values (CV) contributed by the various parts of the string literal. As part of this
process, some characters withir ttring literal are interpreted as having a mathematical value (MV), as
described below or in section 7.8.3.

A The SV ofStringLiteral:: ™ is the empty character sequence.

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

A The SV ofStringLiteral :: " DoubleStringCharacters is the SV ofDoubleStringCharacters

A The SV ofStringLiteral:: ' SingleStringCharacters is the SV ofSingleStringCharacters

A The SV ofDoubleStringCharacters: DoubleStringCharacteis a sequence of one character, @\ of
DoubleStringCharacter

A The SV ofDoubleStringCharacters DoubleStringCharacteDoubleStringCharacters a sequence of the

CV of DoubleStringCharactefollowed by all the characters in the SVdubleStringCharacters order.

A The SV of SingleStmgCharacters:: SingleStringCharacteis a sequence of one character, the CV of
SingleStringCharacter

A The SV ofSingleStringCharacters SingleStringCharacteBingleStringCharacteris a sequence of the CV
of SingleStringCharacteiollowed by all the chaacters in the SV dbingleStringCharacters order.

A The SV ofLineContinuation: \ LineTerminatoBequencés the empty character sequence.

A The CV of DoubleStringCharacter:: SourceCharacterbut not doublequote " or backslash\ or

LineTerminatoris theSourceCharactecharacter itself.

The CV ofDoubleStringCharacter. \ EscapeSequenégthe CV of theEscapeSequence

The CV of SingleStringCharacter:: SourceCharacterbut not singlequote ' or backslash\ or

LineTerminatotis theSourceCharactecharacer itself.

The CV ofSingleStringCharacter. \ EscapeSequenégthe CV of theEscapeSequence

The CV ofEscapeSequenceCharacterEscapeSequenisghe CV of theCharacterEscapeSequence

The CV ofEscapeSequence0 [lookahead DecimalDigifis @ <NUL> character (Unicode value 0000).

The CV ofEscapeSequenceHexEscapeSequenisethe CV of theHexEscapeSequence

The CV ofEscapeSequenceUnicodeEscapeSequeniseghe CV of thdJnicodeEscapeSequence

The CV of CharacterEscapeSequenceSingleEscapeRaracteris the character whosebde unitvalue is
determined by th8ingleEscapeCharactaccording to the following table:

> >

v >y D D D>
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7.8.5

Syntax

Escape Sequence Code UnitValue Name Symbol

\b \ u0008 backspace <BS>
\'t \ u0009 horizontal tab <HT>
\n \ UOOOA line feed (new he) <LF>
\v \ u000B vertical tab <VT>
\ f \ uoooC form feed <FF>
\r \ ud00D carriage return <CR>
\ " \ u0022 doublequote !

\! \ u0027 single quote '

\\ \ u005C backslash \

A The CV ofCharacterEscapeSequenceNonEscapeCharactés the CV of theNonEscapeBaracter.

A The CV of NonEscapeCharacter. SourceCharactebut not EscapeCharactepr LineTerminatoris the

SourceCharactecharacter itself.

A The CV ofHexEscapeSequencex HexDigit HexDigit is the character whosmde unitvalue is (16 times

the MV of the firstHexDigif) plus the MV of the secondexDigit

A The CV ofUnicodeEscapeSequenceu HexDigit HexDigit HexDigit HexDigit is the character whosmde

unit value is (4096times the MV of the firsHexDigif) plus (256timesthe MV of the secon#lexDigif) plus
(16 times the MV of the thirtexDigit) plus the MV of the fourtliHexDigit

A conforming implementation, when processing strict mode code(10.1.1), may not extend the syntax
EscapeSequende includeOctalEscapeSequeeas described in B.1.1.

NOTE

A line terminatorcharacter cannot appear in a string litera¢éxceptas part of aLineContinuationto
produce the empty character sequentle correct way to cause mé terminator character to be part
of the string value of a string literal is to use an escape sequence siahas\ uO00A.

Regular Expression Literals

A regular expression literal is an input element that is converted to a RegExp object (4&cli@)each

time the literal is evaluatediwo regular expression literals in a program evaluate to regular expression
objects that never compare as= to each other even if the two literals' contents are identical. A RegExp
object may also be created mintime by new RegExp (section 15.10.4) or calling th®egExp
constructor as a function (section 15.10.3).

The productions below describe the syntax for a regular expression literal and are used by the inf
element scanner to find the end of the regubgrression literal. The strings of characters comprising the
RegularExpressionBodyand the RegularExpressionFlagsare passed uninterpreted to the regular
expression constructor, which interprets them according to its own, more stringent grammar. A
implemertation may extend the regular expression constructor's grammar, buisitnot extend the
RegularExpressionBodynd RegularExpressionFlagproductions or the productions used by these
productions.

RegularExpressionLiteral
/ RegularExpredgsnBody/ RegularExpressionFlags

RegularExpressionBody
RegularExpressionFirstChar RegularExpressionChars

RegularExpressionChars

[empty]

RegularExpressionChars RegularExpressionChar
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RegularExpressionFirstChar
RegularExpressiddonTerminatotbut not * or\ or/ or [
RegularExpressidBackslashSequence
RegularExpressionClass

RegularExpressionChar
RegularExpressiddonTerminatotbut not\ or/ or [
RegularExpressidBackslashSequence
RegularExpressionClass

RegularExpressidBackslashSequence
\ RegulaExpressionNonTerminator

RegularExpressiddonTerminator.:
SourceCharactebut not LineTerminator

RegularExpressionClass
[ RegularExpressionClassChats

RegularExpressionClassChars
[empty]
RegularExpressionClassChamRegularExpressionClaShar

RegularExpressionClassChar
RegularExpressiddonTerminatobut not ] or \
RegularExpressidBackslahSequence

RegularExpressionFlags
[empty]
RegularExpressionFlags IdentifierPart

NOTE

Regular expression literals may not be empty; instead ofessmting an empty regular expression
literal, the characters// start a singleline comment. To specify an empty regular expression, use
1(?:)]

Semantics

A regular expression literadvaluates toa value of the Object typthat is an instance of the stiard
built-in constructor RegExpThis value is determined in two steps: first, the characters comprising the
regular expression'®RegularExpressionBodand RegularExpressionFlagproduction expansions are
collected uninterpreted into two strings Pattemd aFlags, respectively. Thesach time the literal is
evaluated,a new object is created as if blye expressiomew RegExp ( Pattern, Flags ) where
RegExp is the standard buili constructor with that name.h& newly constructed objedtecomes the
value ofthe RegularExpressionLiteralf the call tonew RegExp would generate an erraspecified in
15.10.4.1the errormust be treated an early error (Section 16)

7.9 Automatic Semicolon Insertion

Certain ECMAScript statements (empty statement, variabétement, expression statemedb-while
statementcontinue  statementbreak statementreturn statement, andhrow statement) must be
terminated with semicolons. Such semicolons may always appear explicitly in the source text. For
convenience, howevesuch semicolons may be omitted from the source text in certain situations. These
situations are described by saying that semicolons are automatically inserted into the source code token
stream in those situations.

7.9.1 Rules of Automatic Semicolon Inserton

1 When, as the program is parsed from left to right, a token (calledffeading tokehis encountered
that is not allowed by any production of the grammar, then a semicolon is automatically inserted
before the offending token if one or more of the daling conditions is true:
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7.9.2

1. The offending token is separated from the previous token by at leatimgiBerminator
2. The offending token i$.

1 When, as the program is parsed from left to right, the end of the input stream of tokens i
encountered and the p&r is unable to parse the input token stream as a single complete
ECMAScriptProgram then a semicolon is automatically inserted at the end of the input stream.

1 When, as the program is parsed from left to right, a token is encountered that is allowechéy s
production of the grammar, but the production iseatricted productiorand the token would be the
first token for a terminal or nont gno DheTar@inator i M
herep wi thin the restr i cé sudhapakendsucalled aorestridtea toklen)t amce |
the restricted token is separated from the previous token by at leadtimeiEerminator then a
semicolon is automatically inserted before the restricted token.

However, there is an additional overridingndition on the preceding rules: a semicolon is never
inserted automatically if the semicolon would then be parsed as an empty statement or if that semicol
would become one of the two semicolons in the headerfof astatement (section 12.6.3).

NOTE
These are the only restricted productions in the grammar:

PostfixExpression
LeftHandSideExpressioino LineTerminatothere] ++
LeftHandSideExpressioio LineTerminatohere] --

ContinueStatement
continue  [noLineTerminatothere] Identifier,y;

BreakStag@ment
break [noLineTerminatohere] ldentifiery ;

ReturnStatement
return [no LineTerminatorhere] Expressiogm ;

ThrowStatement
throw [no LineTerminatothere] Expression

The practical effect of these restricted productions is as follows:

1 When a++ or -- token is encountered where the parser would treat it as a postfix operator, and &
least oneLineTerminatoroccurred between the preceding token and theor -- token, then a
semicolon is automatically inserted before theor -- token.

1 When acontinue , break , return , or throw token is encountered andlaneTerminatoris
encountered before the next token, a semicolon is automatically inserted afteorttirue
break , return , orthrow token.

The resulting practical advice to ECMAScript prograersiis:

1 A postfix ++ or -- operator should appear on the same line as its operand.
1 An Expressionin areturn or throw statement should start on the same line asréitern or
throw token.

T A label in abreak or continue statement should be on the same liag the break or
continue token.

Examples of Automatic Semicolon Insertion
The source

{12}3

is not a valid sentence in the ECMAScript grammar, even with the automatic semicolon insertion rule:
In contrast, the source
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{1
2}3

is also not a valiECMAScript sentence, but is transformed by automatic semicolon insertion into the
following:
{1
12313,
which is a valid ECMAScript sentence.
The source
for (a; b
)

is not a valid ECMAScript sentence and is not altered by automatic semicolon inseetanske the
semicolon is needed for the header dba statement. Automatic semicolon insertion never inserts one
of the two semicolons in the header ofoa statement.

The source
return
a+b
is transformed by automatic semicolon insertion into the fuoilhg:
return;
a+b;

NOTE
The expressiora + b is not treated as a value to be returned by teturn statement, because a
‘LineTerminator' separates it from the tokesturn

The source

a=b
++C

is transformed by automatic semicolon insertion into tHe¥gng:

a=b;
++C;
NOTE

The tokent+ is not treated as a postfix operator applying to the varidb)/édecause a 'LineTerminator
occurs betweeb and ++.

The source
if (@a>b)
elsec=d

is not a valid ECMAScript sentence and is not altered by autorsatiicolon insertion before thase
token, even though no production of the grammar applies at that point, because an automatically inserted
semicolon would then be parsed as an empty statement.

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

is not transformed by awmatic semicolon insertion, because the parenthesised expression that begins
the second line can be interpreted as an argument list for a function call:

- 26 -



a=b+c(d+ e).print()
In the circumstance that an assignment statement must begin with a lefthesienit is a good idea for

the programmer to provide an explicit semicolon at the end of the preceding statement rather than to re
on automatic semicolon insertion.

-27-



8.1

8.2

8.3

8.4

8.5

Types

Algorithms within this specification manipulate values each of which hassanc#ted type. The possible
value types are exactly those defined in this section. Types are further subclassified into ECMAScript
language types and specification types.

An ECMAScript language type corresponds to values that are directly manipulatech IBCEIAScript
programmer using the ECMAS@t language. The ECMAScript language types are Undefined, Null, Boolean,
String, Number, and Object.

A specification type corresponds to matalues that are used within algorithms to describe the semantics of
ECMAScript larguage constructs and ECMAScript language types. The specification types are Reference,
List, Completion, Property Descriptor, Property Identifier, Lexical Environment, and Environment Record.
Specification type values are specificationefatts that do not necessarily correspond to any specific entity
within an ECMAScript implement#on. Specification type valuemay beused to describe intermediate results

of ECMAScript expression evaluation but such values cannot be stored as propertiescts objealues of
ECMAScript language variables.

Within this specifiocadiion,usgdee aotalhoonhwdidywkedo Mehe
to the ECMAScript language and specification types defined in this section.

The Undefined Type

The Undefined type has exactly one value, calledlefined. Any variable that has not been assigned a
value has the valuendefined.

The Null Type
The Null type has exactly one value, caliedl.

The Boolean Type
The Boolean type represents gioal entity having two values, callédie andfalse.

The String Type

The String type is the set of all finite ordered sequences of zero or melé& WLisigned integer values
(el ement so) . The String type irmargeng&CMASdrigtpragsaend t o
in which case each element in the string is treated esda unitvalue (see section 6). Each element is
regarded as occupying a position within the sequence. These positions are indexed with nonnegative
integers. The firselement (if any) is at position 0, the next element (if any) at position 1, and so on. The
length of a string is the number of elements (i.e-bitbvalues) within it. The empty string has length zero

and therefore contains no elements.

When a string cains actual textual data, each element is considered to be a singld6Jddde unit.
Whether or not this is the actual storage format of a String, the characters within a String are nigbered
their initial code unit element positioas though they wereepresented using UTE6. All operations on
Strings (except as otherwise stated) treat them as sequences of undifferentibiediri€igned integers;
they do not ensure the resulting string is in normalised form, nor do they ensure laisgnagese reslts.

NOTE

The rationale behind these decisions was to keep the implementation of Strings as simple and high
performing as possible. The intent is that textual data coming into the execution environment from outside
(e.g., user input, text read from a filer received over the network, etc.) be converted to Unicode
Normalised Form C before the running program sees it. Usually this would occur at the same time
incoming text is converted from its original character encoding to Unicode (and would impose no
addtional overhead). Since it is recommended that ECMAScript source code be in Normalised Form C,
string literals are guaranteed to be normalised (if source text is guaranteed to be normalised), as long as
they do not contain any Unicode escape sequences.

The Number Type

The Number type has exactly 18437736874454810627 (thaf%s2°3+3) values, representing the double
precision 64bit format IEEE 754 values as specified in the IEEE Standard for Binary FleRbing
Arithmetic, except that the 90071992740990 (that is,2-2) di s t-aMwmb dirNotval ues of

- 28 -



8.6

Standard are represented in ECMAScript as a single spdl@dl value. (Note that theNaN value is
produced by the program expressidaN) In some implementations, external code mightab&e to detect
a difference between variousot-a-Number values, but such behaviour is implementatiependent; to
ECMAScript code, all NaN values are indistinguishable from each other.

There are two other special values, calpaxsitive Infinity andnegaive Infinity . For brevity, these values
are also referred to for expository purposes by the symboland- o, respectively. (Note that these two
infinite number values are produced by the program expressibimity (or simply Infinity ) and

- Infinity J)

The other 18437736874454810624 (that i¥: 2°%) values are called the finite numbers. Half of these are
positive numbers and half are negative numbers; for every finite positive number there is a correspondii
negative number having the same magnitude.

Note that there is both positive zeroand anegative zero For brevity, these values are also referred to for
expository purposes by the symbaif and- 0, respectively. (Note that these two zero number values are
produced by the program expressiots (or simply0) and- 0.)

The 18437736874454810622 (that i8*-2°%- 2) finite nonzero values are of two kinds:
18428729675200069632 (that i$/22°% of them are normalised, having the form
s3 m3 2°

wheresis +1 or-1, mis a positive integer less thari®dut not less than®2, ande is an integer ranging
from - 1074 to 971, inclusive.

The remaining 9007199254740990 (that i¥- 2) values are denormalised, having the form
s3m3 2°
wheresis +1 or- 1, mis a positive integer less than’2ande is - 1074.

Note that all the positive and negative integers whose magnitude is no greaterthae 2presentable in
the Number type (indeed, the integer O has two representatiOresnd- 0).

A finite number has awdd significandif it is honzero and the ingger m used to express it (in one of the
two forms shown above) is odd. Otherwise, it hagaen significand

I n t his speci fication, t hxé@ whe remesentsi anhexact manadroereal v
mathematical quantity (which might even beiamational number such g% means a number value chosen

in the following manner. Consider the set of all finite values of the Number type-@itbtmoved and with

two additional values added to it that are not representable in the Number type, n&ffelwidch is +13

2533 29 and- 2'9%% (which is- 13 2%33 2°"Y Choose the member of this set that is closest in value to

If two values of the set are equally close, then the one with an even significand is chosen; for this purpo:
the two extra alues 2°*and- 2'°% are considered to have even significands. Finally,'{¥“avas chosen,
replace it with+a; if - 2'°%*was chosen, replace it witte ; if +0 was chosen, replace it wittD if and only

if x is less than zero; any other chosen valuasied unchanged. The result is the number value.f¢Fhis
procedure corresponds exactly to the behaviour of

Some ECMAScript operators deal only with integers in the rar@fé through 2- 1, inclusive, or in the
range 0 through %- 1, inclusive. These operators accept any value of the Number type but first conver
each such value to one of?Anteger values. See the descriptions of the ToInt32 and ToUint32 operators in
sections9.5and9.6, respectively.

The Object Type

An Object isa collection of propertiesEach propertyis either a named data property, a nanaedessor
property, or an internal property.

1 A named data propertpssociates a name witln & CMAScript languagevalue and a set oBoolean
attributes.
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1 A namedaccessopropertyassociates a name withhe ortwo accessofunctions, and a set oBoolean
attributes.The accessor functions are used to store or retrieve an ECMAScript language value that is
associated with the property.

1 An internal propertyhas no name and is not directly accessible BZMAScript languageperators.
Internal properties exist purely fepecificationpurposes.

There are two types of access feamed(nonrinternal) propertiesget and put, corresponding to retrieval
and assignment, respectively.

8.6.1 Property Attributes

Attributes are used in this specification define and explain the state of named propertlesiamed

data property associates a name with the follovdtigbutes

Table 1 Attributes of a Named Data Property

Attribute Name

Value Domain

Description

[[Value]] Any ECMAScript The valueretrieved by reading the property.
language type

[[Writable]] Boolean If false attempts by ECMAScript code thhangehe
pr o p d[Valug]@tsribute using[[Put]] will notsucceed.

[[Enumerable]] | Boolean If true, the property will be enumerated by a-for
enuneration (section 12.6.4). Otherwise, the property is
to be norenumerable.

[[Configurabld] | Boolean If false attempts to delete the propenthange the property

to be an accessor propenty,change its attributeother
than [[Value]) will fail.

A namedaccessoproperty associates a name with the followattributes

Table 2 Attributes of a Named AccessorProperty

Attribute Name

Value Domain

Description

[[Get]]

Objector Undefined

If the value is an Object it must be a functdhject The
functomdds [ [ Cal | ] ] i n tseatledvth an n
empty argumentdist to return the property value each tim
a get access of th@operty isperformed

[[Set]]

Objector Undefined

If the value is an Objedt must be a functio®bject The
functomdds [ [ Cal | ] ] i n tseatledvath an n
empty argumentdist containing the assigned value as its
sole argument each tingeset access of thpgoperty is
performed The effect of a property[fSet]] internalmethod
may, butis not required to, have an effect on the value
returned by subsequent calls to the propejfi§gst]] internal
method

[[Enumerable]] | Boolean If true, the property is to be enumeratedabfpr-in
enumeration (section 12.6.4). Otherwise, the property is
to be norenumerable.

[[Configurablg] | Boolean If false, attempts to delete the properthange the property]

to bea data propertygr change its attributes wiil.

If the valueof an attribute is not explicitly specifiedy this specificationfor a named property, the

default value defined in the following table is used:
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8.6.2

Table 3 Default Attribute Values

Attribute Name Default Value
[[Value]] undefined
[[Get]] undefined
[[Set]] undefined
[[Writable]] false
[[Enumerable]] false
[[Configurabld] false

Object Internal Properties and Methods

This specification uses various intermabpertiesto define the semantics of object valuese3dinternal
propertiesare not part of th&aCMAScript language. They are defined by this specification purely for
expository purposes. An implementation of ECMAScript must behave as if it produced and operate
upon internal properties in the manner described HEhe. names of internal properties are enclosed in
double square brackets [[ ]]. When an algorithm uses an internal property of an object and the obje
does not implement the indicated internal propertyypeError exceptim is thrown.

The following table summarises the internal properties used by this specifichibrmre applicable to
all ECMAScript objectsThe description indicates their behaviour for native ECMAScript objectkess
stated otherwise in this documefotr particular types of ECMAScript objectblost objects magupport
these internapropertieswith any implementatiordependent behaviowas long as it is consistent with
the specific host object restrictions stated in this document

The HAVal ue Toolprens & ohe bollowing tables define types of values associated with
internal properties. The type names refer to the types defins@dtion8 augmented by the following
additionahy nmmaes hefival ue may be any @RS cme o s
Undefined, Nul , Bool ean, St ISpen@p, noeranNumbheer .i nit einterrall p
method, arimplementation provided procedure defined by an abstract operation specifidat®p.e ¢ Op ¢
is followed by a list of descriptive parameter names. If a parameter name is the same as a tygfremame
the name describestheptye of t he par ameter . | its pasamétesd lskicf@lpwed r e
by the symboR Y ¢and the type of the returned value.

Table 4 Internal Properties Common to All Objects

Internal Property Value TypeDomain Description

[[Prototypel]] Objector Null The prototype of this object.

[[Class]] String A string value indicatinga specificatio defined

classification of objects

[[Extensible]] Boolean If true, own properties may be added to the object

[[Get]] SpecOfpropertyNamgY any | Returns the value ahe namedproperty.

[[GetOwnProperty]] SpecOp(propertyNamg Y Returnsthe Property Descriptor of the named owr
Undefinedor Property property of this object, arndefined if absent.
Descriptor

[[GetProperty]] SpecOp(propertyNamg Y Returnsthefully populatedPropertyDescriptorof the
Undefinedor Propery named property of this object, ondefined if absent.
Descriptor

[[Put]] SpecOp(propertyNameany;, Sets the specifiedamedproperty tothe value of the
Boolear) second parametefhe flag contrad failure handling.

[[CanPut]] SpecOp(propertyNamg Y Returns aBooleanvalue indicating whether a [[Put
Boolean operation withPropertyNamecan be performed

[[HasProperty]] SpecOp(propertyNamg Y Returns aBoolean value indicating whether t
Boolean object already hasgropertywith the givenrname.

[[Delete]] SpecOp(PropertyName Removes the specifiatamed owrproperty from the
Boolean) Y Boolean object.The flag controls failure handling.

[[DefaultValue]] SpecOpHint) Y primitive Hint is a stringReturns a default value for the obje(

[[DefineOwnProperty]] | SpecOp(propertyName, Creates or alters the named own property to have
PropertyDegriptor, Boolean state describedby a Property DescriptorThe flag
Y Boolean controls failure handling
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Every object (including host objects) must implement all of the internal properties listed in Table 4.
However, the [[DefaultVale]] internal method may, for some objects, simply throwlypeError
exception.

All objects have an internal property called [[Prototype]]. The value of this property is sitlesr an

object and is used for implementing inheritané¢hetheror not a native object can have a host object as

its [[Prototype]] depends on the implementation. Every [[Prototype]] chain must have finite length (that
is, starting from any object, recursively accessing the [[Prototype]] internal property must ewentuall
lead to anull value). Named data properties of the [[Prototype]] object are inherited (are visible as
properties of the child object) for the purposes of get access, but not for put access. Named accessor
properties are inherited for both get access pundaccess.

Every ECMAScript objecthas a Booleatvalued [[Extensible]] internal property that controls whether or
not named properties may be added to the object. If the value of the [[Extensible]] internal property is
false then additional named prop&$ may not be added to the object. In addition, if [[Extensible]] is
false the value of thd[Class]] and[[Prototype]] internal propert¢s of the object may niobe modified.

Once the value of an [[Extensible]] internal property has been sktlde if may not be subsequently
changed tdrue.

NOTE

This specification defines no ECMAScript language operators or -iuifunctions that permit a
program t o mo {[Cldss]] oma[fProtothpe]kictdrn@alsproperies or to change the value of
[[Extensible]] from false to true. Implementdbn specific extensions that modiff{Class]],
[[Prototype]] or [[Extensible]] must not violate the invariants defined in the preceding paragraph.

The value of the [[Class]internal property is defined by this specification for every kind of binlt
object. The value of the [[Classihternal propety of a host object may be ar8tring value except one

of "Arguments" , "Array" , "Boolean” , "Date" , "Error" , "Function" , "JSON", "Math" ,
"Number" , "Object" , "RegExp" , and"String" . The value of a [[Class]hternalproperty is used
internally to distinguishdifferent kinds ofobjects. Note that this specification does not provide any
means for a program to access that value except thrddigject.prototype.toString (see
15.2.4.2).

For most native objects theommon internalimethods behave as descrb& 8.12 except that Array
objects have a slightly different implementation of th®dfineOwnPropert}j internal method (see
15.4.5.1)and String objects have a slightly different implementation of the [[GetOwnPropéntglnal
method (se 15.5.5.2) Arguments objects (16) have different implementations of [[Get]],
[[GetOwnProperty]], [[DefineOwnProperty]], and [[Deld}e

Host objects may implement theseternal methods in any manner unless specified otherwise; for
example, one mmsibility is that [[Get]] and [[Put]] for a particular host object indeed fetch and store
property values but [[HasProperty]] always generdtdse.

The [[GetOwnProperty]linternal methodof a host objectmustconform to the following invariantéor
each property of the host object

1 If a property is described as a datapertyand it may return different values over time, then
either or both of the[[Writable]] and [[Configurable]attributes must betrue even if no
mechanism to change the value is exposed via the other internal methods

1 If a property is described as data property and its [[Writable]] and [[Configurable]] are both,
then the SameValue (9.12) must be returned for the [[Value]] attribute of the property on all
calls to [[GetOwnProperty]].

1 If the attributesother than [[Writable]Jmay change over timer if the property might disappear,
then the [[Configurable]] attribute must brue.

1 If the [[Writable]] attribute may change frofalse to true, then the [[Configurable]] attribute
must betrue.

T I f the value of t he host prapérty éshds een pbseEved leyn s i b
ECMAScript code to bdalse, then if a call to [[GetOwnProperty]] describes a property as non
existentall subsequent calls must also describe that property agxistent
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