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Brief History

This ECMA Standard is based on several originating technologies, the most well known being JavaScript (Netscape)
and JScript (Microsoft). The language was invented by Brendan EichBlet scape and first appe:
Navigator 2.0 browser. It has appeared in all subsequent browsers from Netscape and in all browsers from Microsoft
starting with Internet Explorer 3.0.

The development of this Standard started in Novembef19Be first edition of this ECMA Standard was adopted by
the ECMA General Assembly of June 1997.

That ECMA Standard was submitted to ISO/IEC JTC 1 for adoption under thérdaktprocedure, and approved as
international standard ISO/IEC 16262, in Apfib98. The ECMA General Assembly of June 1998 approved the
second edition of ECMA62 to keep it fully aligned with ISO/IEC 16262. Changes between the first and the second
edition are editorial in nature.

The third edition of the Standargncludes powerful regular expressions, better string handling, new control [De|eted; current document defines the
statements, try/catch exception handling, tighter definition of errors, formatting for numeric output and minor chang
in anticipation of forthconmg internationalisation facilities and future language growte language documented by

{ Deleted: and

the third edition has come to be known as ECMAScript 3 or ES3.

Work on the language is not complete. The technical committee is working on significant enhancéembrisg
mechanisms for scripts to be created and used across the Internet, and tighter coordination with other standards bodies
such as groups within the World Wide Web Consortium and the Wireless Application Protocol Forum.

Deleted: This Standard has been adopted as 3rd Editic
ECMA-262 by the ECMA General Assembly in Decemb
1999.
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Scope
This Standard defines the ECMAScript scripting language.

Conformance

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

A conforming implementation of this International standard shall pretrcharacters isonformance with the

Unicode Standard, VersigB.0 or later, and ISO/IEC 10646 with either UCS2 or UTF16 as the adopted [ Deleted: 2.1 ]

encoding form, implementation level 3. If the adopted ISO/IEC 10B646bset is not otherwise specified, it is
presumed to be the BMP subset, collection 300. If the adopted encoding form is not otherwise specified,
presumed to be the UTE6 encoding form.

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

A conforming implementation of ECMAScript is_permitted to support program and regular expression synta
not described in this specification. In particular, a conforming implementation of ECMAScript is permitted to
supportprograns y nt ax t hat makes use of the Afuture reser\

References
ISO/IEC 9899:1996 Programming Language€, 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 corrigenda.

The Unicode Consortium. The Unicode Standard, Ver8ion defined by: The Unicode Standard, Vers®a
(Boston, MA, AddisorWesley, 200. ISBN 0-201-616355)

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

Overview
This‘section contains a nemormative overview of the ECMAScript lgnage.

ECMAScript is an objecbriented 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 areorprovisions in this specification for input 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 sgmh but also certain
environmentspecifichostobjects, 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 calledfrom an ECMAScript program.

A scripting languageis a programming language that is used to manipulate, customise, and automate th
facilities of an existing system. In such systems, useful functionality is already available through a use
interface, andhe scripting language is a mechanism for exposing that functionality to program control. In this
way, the existing system is said to provide a host environment of objects and facilities, which completes tt
capabilities of the scripting language. A scrigfilanguage is intended for use by both professional and non
professional programmeys.

ECMAScript was originally designed to beWéeb scripting languaggeproviding a mechanism to enliven Web
pages in browsers and to perform server computation as part of ab¥éell 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.

12 January 2009
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Some of the facilities of ECMAScript are similar to those used in other programming languages; in particular
Javé™, Self,and Schemas described in: [ Deleted: and ]

4.1

4.2

4.2.1

Gosling, JamesBill Joy and Guy Steele. The Javianguage Specification. Addison Wesley Publishing
Co., 1996.

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

|IEEE Standard fothe Scheme Programming Language. |[EEE Std 11980.

Web Scripting

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

A web server povides a different host environment for semsiésle computation including objects
representing requests, clients, and files; and mechanisms to lock and share data. By usingsideveset
serverside scripting together, it is possible to distribute comfion between the client and server while
providing a customised user interface for a \Atsed application.

Each Web browser and server that supports ECMAScript 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 standard proper.

ECMAScript is objectbased: basic language -and host facilities are provided by objects, and an

ECMAScript program is a cluster of communicating objects. An ECMAScoipiect is a collection of [ Deleted: an unordered
propertieseach with zero or morattributesthat determine how each property can be dséat example,
when theWritable attribute for a property is set false, any attempt by executed ECMAScript code to [ Deleted: ReadOnly

methods A primitive value is a member ame of the following builkin types:Undefined, Null, Boolean
Number, and String; an object is a member of the remaining bisilttype Object; and a method is a [ Deleted: has o effect
function associated with an object via a property.

Deleted: true

o U

ECMAScript defines a collection djuilt-in objectsthat round out the definition of ECMAScript entities.
These builtin objects include th&lobal object, theObject object, theFunction 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, TypeError andURIError .

operations, multiplicative operators, additive operators, bitwise shift operators, relational operator or methods
equality operators, binary bitwise operators, binary logical operators, assignment operators, and tae comm
operator.

ECMAScript also defines a set of built operators ECMAScript operators include various unary J Deleted: thatmay not be, strictlyspeakinmnctions}

ECMAScript syntax intentionally resembles Java syntBCMAScript syntax is relaxed to enable it to
serve as an eadgp-use scripting language. For example, a variable is not required to have its type declared
nor are types associated with pespes, and defined functions are not required to have their declarations
appear textually before calls to them. [

Deleted: proper ]

Objects Comment [pL1]:  Rationale:
ECMAScript does not contaiglasses such as those in C++, Smalltalk, or Java, but rather, support C"Onsc'djrr:g‘%"‘:"'do‘s’“r’:‘%”h 'lt 'Za” gbémgog bjec
constructorswhich crede objects by executing code that allocates storage for the objects and initialises oy support the [[Construct] property.

all or part of them by assigning initial values to their propertfdsconstructors are objects, but not all {

objects are constructérsEach constructor has groperty named fiprototype 0 that is used to

consistent.
implementprototypebased inheritanceandshared propertiesObjects are created by using constructors [

Comment [pL2]:  From AWB:Need to make typograpr}

Deleted: Prototype property ]
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in new expressions; for examplegw String("A String") creates a new String object. Invoking a
constructor without usingnew has consequences that depend on the constructor. For example,
String("A String") produces a primitive string, not an object.

ECMAScript supportprototypebased inheritanceEverypbject created by constructor has an implicit] {
reference(called theobj ect 6 s) jpor oft loéd ypeael ue o fiprotiotype  ocpoopesty ud

Deleted: constuctor has an associated
prototype, and every

Furthermore a prototype may have a nowll implicit reference to its prototype, and so on; this is called [

Deleted: that

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 prototypleam that contains a property of that name. In other

Deleted: to the prototype

words, first the object mentioned directly is examined for such a property; if that object contains th([

Deleted: associated with its constructor

)
)
)
)

named property, that is the property to which the reference refers; if that object does not toatain
named property, the prototype for that object is examined 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 ASeMpt, the state and methods are
carried by objects, 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 dieegn illustrates this:

4.2.2

CF is a constructor (and also an object). Five objects have been created byewiegpressionscf;,

cf,, cfy, cfyp. and cf. Each of these objects contains properties named gl and g2. The dashed line
represent the .impdit prototype relationship; so, for examples&fs pr ot o4 Vhe eonstrisctorC F
CF, has two properties itself, named P1 and P2, which are not visiblejtaiiFct,, cfs, cfy, or ck. The
property named CEP1.in Gks shared by gf cf,, cfs, cfy, and c§ (but not by CF), as are any properties
found in CFp6s ihampthat ara rfot npmed 1o 2y gr €FP&. Notice that there is no
implicit prototype link between CF an@F,.

Unlike classbased object languages, properties can be addetjéats dynamically by assigning values
to them. That is, constructors are not required to name or assign values to all or any of the construct
objectds properties. I'n the above dicfygfs esncf, andn e
cfs by assigning a new value to the propertydRp,.

The Strict Variant of ECMAScript

The ECMAScript Language recognizes the possibility that some users of the language may wish !
restrict their usage ofomefeatures available in the language. Thaight do so in the interests o
security, to avoid what they consider to be error prone feattioegetenhancederror checkingor for
other reasons of their choosing. In support of this possibility, ECMAScript defirstsct varianiof the
languageThe strictvariantof the languagexcludes somespecific syntactic and semantic features of the
nonstrict ECMAScript languagend modifies the detailed semantics of some featuriee.strict variant
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4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

4.3.8

4.3.9

also specifiesadditional error conditions thamustbe reported by throwing error exceptions in situations
that are not specified as errors thye nonstrict form of thelanguage.

The strict variant of ECMAScript is commonly referred to asshéct modeof the language. Strict mode
selection and use of ¢hstrict mode syntax and semantics of ECMAScript is explicitly made at the level
of individual ECMAScript code units. Because strict mode is selected at the level of a sywmtiic

unit, strict mode only imposes restrictions that have local effect mishich acode unit. Strict mode

does not restrict or modify any aspect of the ECMAScript semantics that must operate consistently
across multiplecodeunits. A complete ECMAScript program may be composed for both strict mode and
nonstrict mode ECMAScriptodeunits. In this case, strict mode only applies when actually executing
code that is defined within a strict modedeunit.

In order to conform to this specification, an ECMAScript implementation must implement both the full

unrestricted ECMAScriptanguage and the strict mode variant of the ECMAScript language as defined

by this specification. In addition, an implementation must support the combination of unrestricted and
strict modecodeunits into a single composite program

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

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

Primitive Value
A primitive valueis a member of one of the typéndefined, Null, Boolean, Number, or String. A
primitive value is a datum thatis represented directly at the lowest level of the language implementation.

Object

An objectis a member of the typ@bject. It is.a collection of properties. Deleted: Itis an unordered collection of properties
each of which contains a primitive value, object, or

Constructor function. A function stored in a property of an objecl

A constructor is<a Function object that creates and. initialisdgeots. The value of a casiructom s called a method.

fiprototype o property is aprototype object that is used to implement inheritance and shared [ Deleted: Each constructor has an associated ]

properties.

Prototype

A prototypeis an object used to implement structure, state, and behaviour inheritance in ECMAScript.
When a constructor .creates an object, fdrdiotype obj ect

propertyfor the purpose of resolvingpropg y r ef er e n c e s fiprofbthpe ¢ pvopestycanu c t [ Deleted: associated prototype

be referenced by the program expressmimstructor .prototype , and properties added to an Deleted: associated prototype

objectds prototype are shared, t lprototypgh i nheritance

Native Object

A native objectis any object supplied by an ECMAScript implementation independent of the host
environment. Standard native objects are defined in this specification. Some native objects dre built
others may be construataluring the course of execution of an ECMAScript program.

Built-in Object

A built-in objectis any object supplied by an ECMAScript implementation, independent of the host
environment, which is present at the start of the execution of an ECMAScogtam. Standard builn
objects are defined in this specification, and an ECMAScript implementation may specify and define

others. Every builin object is a native objecfA built-in constructoris a built-in object that is also a
constructor.

Host Object

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

Undefined Value
Theundefined valueis a primitive value used when a variallas not been assigned a value.
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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

4.3.22

Undefined Type

The typeUndefined has exactly one value, calleshdefined.

Null Value

Thenull value is a primitive value that represents the null, empty, or-aristent reference.
Null Type

The typeNull has exactly one value, calledll.

Boolean Value

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

Boolean Type

The typeBooleanrepresents a logical entity and castsi'of exactly two unique values. One is called
true and the other is callefhlse.

Boolean Object

A Boolean objectis a member of the typ@bject.and is an instance of the buitt Boolean object. That
is, a Boolean object is created by using-theoBan constructor in mew expression, supplying a
boolean as an argument. The resulting object has an implicit (unnamed) property that is the boolean.
Boolean object can be coerced to a boolean value.

String Value

A string valueis a primitive \alue that isa member of the typString and is a finite ordered sequence ¢f
zero or more 1&it unsigned integer values.

NOTE

Although each value usually represents a singlebit@unit of UTF16 text, the language does not place
any restrictions or requements on the values except that they béit @insigned 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 the built String object. That is, a
String object is created by using the String constructor imew expression, supplying a string as an
argument. The resulting object has an implicit (unnamed) property that is the stringngé &ject can
be coerced to a string value by calling the String constructor as a function (15.5.1).

Number Value

A number valueis_a primitive value that i member of the typBlumber and is a direct representatioh
of a number.

Number Type

The typeNumber is a set ofprimitive values representing numbers. In ECMAScript, the set of vallies
represents the doubjerecision 64b i t for mat | EEE 754 val uaeNsu mbrea lol
(NaN) values, positive infinity, and negative infinity.

Number Object

A Number objectis a member of the typ®bject and is an instance of the built Number object. That

is, a Number object is created by using the Number constructon@waxpression, supplying a number
as an argument. The resultimdgject 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 numberdwa This value is a member of the
Number type.
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4.3.23 NaN
The primitive valueNaNr epr esent s t he s et-aNdUmbleErEOE vSatlaunedsa.r dT hfii N
member of the Number type.

4.3.24 _ Function
A function is a member of the typ@®bject that may berivoked as a subroutinén addition to its named
properties, a function contairexecutablecode and state that determine how it behaves when invoked. A
functi on 6a maynatbe writtenin ECMAScript.

4.3.25 _ Built-in Function

A built-in functionis a function that is a buiiin object of the language, such parselnt andMath.exp.
An implementation may also provide implementatidgpendenbult-in functions that are not described
in this specification.

4.3.26 Property
A propertyis an associadin between a name and a value. Depending upon the form of the property the
value may beepresentecither directly asa data value (a primitive value, an object, or a function) or
indirectly bya pair ofaccessofunctions.
4.3.27 Method
A methodis a function that is the value of a property.
4.3.28  Attribute
An attribute is an internal value that defines'some characteristic of a property.
4.3.9 Own Property
An own property of an object is a property that is diregtigsent orthat object.
4.330 Inherited Property
An inherited propertyis a property of an objectithat is not one of its own properties but is a property
(either ownwnor inherited) of the objectds prototyp
4.331  Built-in Method

A built-in methodis any methodhat is a builtin function. Standard buiin methods are defined in this
specification, and an. ECMAScript implementation may specify and define othdysilt-in method isa
Built-in function.
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5 Notational Conventions

51

5.1.1

5.1.2

5.1.3

5.1.4

Syntactic and Lexical Grammars

This section desdres the contexfree grammars used in this specification to define the lexical and
syntactic structure of an ECMAScript program.

Context-Free Grammars

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

Starting from a sentence consisting of a sindjiinguished nonterminal, called tigeal symbal a 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 sequémeeright
hand side of a production for which the nonterminal.is theheftd side.

The Lexical and RegExp Grammars

A lexical grammarfor ECMAScript is given in‘clause 7. This grammar has as its terminal symbols the
characters of the Unicode chatacset. It defines a set of productions, starting from the goal symbol
InputElementDiv or InputElementRegExpthat describe how sequences of Unicode characters are
translated into a sequence of input elements.

Input elements other than white space and memts form the terminal symbols for the syntactic
grammar for ECMAScript and are called ECMAScrifpkens These tokens are the reserved words,
identifiers, literals, and punctuators of the ECMAScript language. Moreover, line terminators, althougt
not consdered to be tokens, also become part of the stream of input elements and guide the process

automatic semicolon insertiofy (©). Simple white space and singi@e comments are discarded and do [ Deleted: 7.8.5

not appear in the stream of input elements for theatic grammar. AMultiLineComment(that is, a
comment of *éeW® fremgmardl ess of whether it spans |
discarded if it contains no line terminator; but if MultiLineCommentcontains one or more line
terminators, lien it is replaced by a single line terminator, which becomes part of the stream of inpui
elements for the syntactic grammar.

A RegExp grammafor ECMAScript is given in 15.10. This grammar also has as its terminal symbols
the characters of the Unicode chater set. It defines a set of productions, starting from the goal symbol
Pattern, that describe how sequences of Unicode characters are translated into regular expressi
patterns.

Productions of the lexical and. RegExp grammars are distinguished bydghavin wo c:0dl oas
separating punctuation. The lexical and RegExp grammars share some productions.

The Numeric String Grammar

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

Producti ons of t he numeric string grammaro arse
punctuation.

The Syntactic Grammar

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

When a stream of Unicode characters is to be parsed as an ECMAScript program, it is first converted tc
stream of input elements by repeated agpgtiion of the lexical grammar; this stream of input elements is
then parsed by a single application of the syntax grammar. The program is syntactically in error if th
tokens in the stream of input elements cannot be parsed as a single instance of thentmaninal
Program with no tokens left over.
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5.1.5

Productions of the syntactic grammao asepdnhnstiuaguo

The syntactic grammar as presented in sectjohs12, 13 and 14s actually not a complete account of [ Deleted: 0, 0,0and0

which token sequences are accepted as correct ECMAScript programs. Certain additional token
sequences are also accepted, namely, those that wouldsoeibed by the grammar 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
chamcter appears in certain fiawkwardo places.

Grammar Notation

Terminal symbols of the lexical and string grammars, and some of the terminal symbols of the syntactic
grammar, are shown ifixed width font, both in the productions of the grammars andtighout

this specification whenever the text directly refers to such a terminal symbol. These are to appear in a
program exactly as written. All nonterminal characters specified in this way are to be understood as the
appropriate Unicode character from tASCII range, as opposed to any similapking characters from

other Unicode ranges.

Nonterminal symbols are shown iitalic type. The definition of a nonterminal is introduced by the name
of the nonterminal being defined followed by.one or more colofke (number of colons indicates to
which grammar the production belongs.) One or more alternative-highdl sides for the nonterminal
then follow on succeeding lines. For example, the syntactic definition:

,WhiIeStat_ement . e, 84444 - [ Deleted: WithStatement
while ( Expressioy Statement . [ Deleted: with
states that the nonterming/hileStatementepresents_the tokewhile , followed by a left parenthesis [ Deleted: WithStatement
token, followed by arExpression followed by a right parenthesis token, followed bytatementThe [ Deleted: with

occurrence®f Expressiorand Statemenare themselves nonterminals. As another example, the syntactic

(| W,

definition:

ArgumentList

AssignmentExpression
ArgumentList, <AssignmentExpression

states that amArgumentListmay represent either a singfessignmentExpressioar an ArgumentList
followed by a comma, followed by arssignmentExpressionThis definition of ArgumentListis
recursive that is, it is.defined in.terms of itself. The result is thatAagumentListmay contain any
positive number of arguments, separated by commas, where each argument expression is an
AssignmentExpressiosuch recursive definitions of nonterminals are common.

The subscrioptd,edwhiudif imayi appear aifiat, mndicates atomionali n a |
symbol The alternative containing the optional symbol actually specifies two-hght sides, one that
omits the optional element and one that includes it. This means that:

VariableDeclaration:

Identifier Initialiseryy

is aconvenient abbreviation for:

VariableDeclaration:

Identifier
Identifier Initialiser

and that:

IterationStatement

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

is a convenient abbreviation for:

IterationStatement

for (; Expressiog, ; Expressiogy ) Statement
for ( ExpressionNoln; Expressiog, ; Expressiog, ) Statement

which in turn is an abbreviation for:
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IterationStatement
for (;; Expressiog, ) Statement
for (; Expression; Expressiog, ) Statement
for ( ExpressionNoln;;  Expressiogy ) 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) Statement

so the nontermindterationStatemenactually-has eight alternative righand sides.

I f t he [epptyl0 ad e p diar s -hansl sidelofea produgtiort, it indicates that the production's
right-hand side contains no terminals or nonterminals.

1 f t h e [lopkhheade s0 fa p p e ar s -hanmd sidehod a prodgction, it indicates that the
production may not be used if.the immediately following input terminal is a member of the ggten
Thesetcan be written as a list of terminals enclosed in curly braces. Forecdence, the set can also be
written as a nonterminal, in which case it represents the set of all terminals to which that nontermini
could expand. For example, given the definitions

DecimalDigit:: one of
0123456789

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

the definition

LookaheadExample
N [lookaheace {1, 3, 5, 7, 9}] DecimalDigits
DecimalDigit [lookaheace DecimalDigit]

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

I f t h e [n@uUneTanmsn@orheiep app e ar s -hand sidlehoé a prdaductioh of the syntactic
grammar, it indicates thathe production isa restricted production it may not be used if a
LineTerminatoroccurs in the input stream at the indicated position. For example, the production:

ReturnStatement
return [no LineTerminatothere] EXpreSSiOQn;

indicates that the pragttion may not be used if ineTerminatoroccurs in the program between the
return token and th&xpression

Unless the presence of kineTerminatoris forbidden by a restricted production, any number of
occurrences ofiineTerminatormay appear between ynwo consecutive tokens in the stream of input
elements without affecting the syntactic acceptability of the program.

When t heonevabdr dfsolfil ow the <colon(s) in a grammar
terminal symbols on the following liner lines is an alternative definition. For example, the lexical
grammar for ECMAScript contains the production:
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NonZeroDigit:: one of
123456789

which is merely a convenient abbreviation for:

NonZeroDigit::, [ Deleted: one of

1

O©CoO~NOUAWN

When a alternative in a production of the lexical 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 cer@pansions are not permitted by using the
phr absteot?i and then indicating the expansions to be

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

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

SourceCharacter.

any Unicode character

Algorithm Conventions

The specification often uses-a numbered list to specify steps in an algorithm. These algorithms are used to
recisely spefynthe requiredsemanticsof. ECMAScript language construct§he algorithms are not [ Deleted: clarify

intended to imply the use of any specific implementation technigusractice, there may be more efficient
algorithms available to implement a given feature.

In_orden to facilitate their.use in_multiple parts of this specification some algoritms, callestract
operations.are named and written in parameterized functional form so that they may be referenced by name
from within other algorithms.

When an algorithm istopdbuce a value as a red8uls, uskd dibr éeatdiv
result of the algorithm is the value gfand that the algorithm should terminate. The notation Reguil(
used as short handnof.orTxypieedcas she ¢ thlath do ff osxd &ip he type of

For clarity of expression, algorithm steps may be subdivided into sequential substeps. Substeps are indented
and may themselves be further divided into indented substeps. Outline numbering conventions are used to
identify sulsteps with the first level of substeps labeled with lower case alphabetic characters and the
second level of substeps labelled with lower case roman numerals. If more than three levels are required
these rules repeat with the fourth level using numetiels For example:

1. Top-level step
a. Substep.
b. Substep
i. Subsubstep.

ii. Subsubstep.
1. Subsubsubstep

a. Subsubsubsubstep
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A step or substep may be written as a predicate that conditions its substeiidgs dase, the substeps ale
only applied if the predicate is true. I f a stlep
the negation of the preceding predicate step at the same level.

A step my specify the iterative application o gubsteps.

Mathematical operations such as addition, subtraction, negation, multiplication, division, and the
mathematical functions defined later in this section should always be understood as computing exa
mathematical results on mathematical real bens, which do not include infinities and do not include a
negative zero that is distinguished from positive zero. Algorithms in this standard that model floaitihg
arithmetic include explicit steps, where necessary, to handle infinities and signedarzérto perform
rounding. If a mathematical operation or function is applied to a flogtimigt number, it should be
understood as being applied to the exact mathematical value represented by that-floatingumber;

such a floatingpoint number musbe finite, and if it is+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 is itself.

The mathematical function si¢x) yields 1 ifx is positive anc-1'if x is negative. The sign function is not
used in this standard for cases whes zero.

The nokmadadiloyiny iffust be finite and nonzero) computes a valud the same sign as(or zero)
such that ab&) < as(y) andx-k = q x y for some.integeq.

The mathematical function floax) 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 defi nedofthealgbrithmrisotevmireated aamdk no eepult is o |
returned. The calling algorithms are also terminated, until an algorithm step is reached that explicitly dea
with the exception, using terminology suchhnasepfl f
has been encountered the exception is no longer considered to have occurred.

Source Text

ECMAScript source text is represented as a sequence of characters in the Unicode character encoding, ver:
3.0 or later, using the UTH6 transformabn format. The text is expected to have been normalised to Unidode [ Deleted: 2.1 ]

Normalised Form C (canonical composition), as described in Unicode Technical Report #15. Conformin
ECMAScript implementations are not required to perform any normalisation of text, evéets though they
were performing normalisation of text, themselves.

SourceCharacter.
any Unicode character

Throughout the rest ofcodeunibs addcd meatwaprra htee pd rwaislel { Deleted: ECMAScript source text can contain
a 16bit unsigned value used to represent a singkbit@nit of UTRF1 6 t e x t . The phrase any of the Unicode characters. All Unicode whi
will be used to refer to the abstract linguistic or typographical unit represented by a single Unicaie scal| SPace characters are treated as white spackall
. . . K Unicodeline/paragraph separataage treated as
value (which may be longer than 16 bits and thus may be represented by more tfzaml@nmi). This only | line separators. Nehatin Unicode characters ar
refers to entities represented by single Unicode scalar values: the components of a combining charad allowed in identifiers, string literals, regular
sequence are tiicloldei mdiaviadu &lr sfW even though a us|( expressionliterals and commefits.

single character.

Deleted: code point

In string literals, regular expression literals and identifiers, any chargmtee (unij may also be expressed ds

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

NOTE 1

Deleted: code point

A
U

Deleted: code point
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Al though this document sometimes refers to a fAtrans
the 16bit unsignednteger that is the UTHA6 encoding of that character, there is actually no transformation
because a ficharacter o6 within a #fs-bitunsipgedvalus. actually

NOTE 2

ECMAScript differs from the Java programming language inkdbkaviour of Unicode escape sequences. In a
Java program, if the Unicode escape sequenaB00A, for example, occurs within a singlilme comment, it

is interpreted as a line terminator (Unicode characB80A is line feed) and therefore the next charadse

not part of the comment. Similarly, if the Unicode escape sequam@@0A occurs within a string literal in a
Java program, it is likewise interpreted as a line terminator, which is not allowed within a string &tersd

must write\ n instead of\ UOOOA to cause a line feed to be part of the string value of a string literal. In an
ECMAScript program, a Unicode escape sequence occurring within a comment is never interpreted and
therefore cannot contribute to termination of the comment. Similarly, addeiescape sequence occurring
within a string literal in an ECMAScript program always contributes 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.

f

Deleted: can occur ]

Deleted: anywhere in the source text of an
ECMAScript program. These characters are remove

7 Lexical Conventions
The source text of an ECMAScript program is first converted into. a sequence of input elements, which are
either tokens, line terminators, comments, or.white space. The source text is scanned from left to right,
repeatedly taking the longepossible sequence of characters as the nextinput element.
There are two goal symbols for the lexical grammar. TputElementDivsymbol 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 exist in the syntactic. grammar where both a division &edjaarExpressionLiteraare
permitted by the syntactic grammar; however, since the lexical grammar thednputElementDivgoal
symbol in such cases, the opening slash is not recognised as starting a regular 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
InputElementRegExp
WhiteSpace
LineTerminator
Comment
Token
RegularExpressionLiteral
7.1 Unicode Format-Control Characters
The Unicode format ont r ol characters (i.e., tehUmicodehGharactert e r s
Database such asFT-TO-RIGHT MARK Or RIGHT-TO-LEFT MARK) are control codes used to control the
formatting of a range of text in the absence of higleeel protocols for this (such as mauk languages).
It is useful to allow these isource text to facilitate editing and display.
The format control characteysay be usedn identifiers, within comments, angithin string literals and [
regular expression literals
7.2 White Space

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 spaceomay between any two
tokens, and may occur within strings (where they are considered significant characters forming part of t
literal string value), but cannot appear within any other kind of token.

from the source text before applying the lexical
grammar. Since these chaters are removed before
processing string and regular expression literals, one
must use aJnicode escape sequence (see 7.6) to
include a Unicode formatontrol character inside a
string or regular expression literal
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Syntax

- 13-

The following characters are considered to be whitcsp

Lode UnitValue Name Formal Name ‘ [Deleted: Code Point

\ u0009 Tab <TAB>

\ uo00B Vertical Tab <VT>

\ uoooC Form Feed <FF>

\ u0020 Space <SP>

\ u0085 Next Line <NEL>

\ uOOAO No-break space <NBSP>

\ u200B Zero width space <ZWSP>

\ UFEFF Byte Order Mark <BOM>

Ot her <categ Any other Unicode <USP>
ispace sepa

ECMAScript implementations must recognize’ all of the white space characters defined in Unicode 3.(
Later editions of the Unicode Standard may define other  white space characters. ECMA[Scrig
implementations may recognize white space characters from later editions of the Unicode Standard.

WhiteSpace:
<TAB>
<VT>
<FF>
<SP>
<NEL> |
<NBSP>
<ZWSP>
<BOM>
<USP>

7.3

Line Terminators

Like white space characters, line terminator.characters are used to improve source text readability and
separate tokens (indivisible lexical units) from each other. However, unlike white space characters, lir
terminators have some influence over thédeour 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 syntac

grammar. A line terminator cannot occur within any tokexcept that lie terminators that are preceded Ry [ Deleted: not even a string

an _escape sequence may occur within a string literal tokave terminators also affect the process pf

automatic semicolon insertiofd.©). [ Deleted: 7.8.5

Line terminators are.included in the set of white space characters thatécked by thés class in regular
expressions.

The following characters are considered to be line terminators:

Code UnitValue Name Formal Name | ( Deleted: Code Point
\ uOOOA Line Feed <LF>
\ u000D Carriage Return <CR>
\ u2028 Line separator <LS>
\ u2029 Paragraplseparator <PS>
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Only the characters in the above table reated as line terminators. Other new line or line breaking
characters are treated as white space but not as line terminBbersharacter sequence <CR><LF>
is commonly used as Bne terminate. It should be considered a single character for the purpose of
reporting line numbers.

Syntax

LineTerminator.:
<LF>
<CR>
<LS>
<PS>

LineTerminatoBequence
<LF>
<CR> [lookaheace <LF> ]
<LS>
<PS>
<CR> <LF>

7.4 Comments
Description

Comments can beither single or multiine. Multi-line comments cannot nest.

Because a singiine comment can contain any character exceptr@Terminatorcharacter, and because
of the general rule that a token is always as long as possible, a-imgleomment alway consists of all
characters from th# marker to the end of the line. However, thieeTerminatorat the end of the line is
not considered to be part of the singllee comment; it is recognised separately by the lexical grammar and
becomes part of thetream of input elements for. the syntactic grammar. This point is very important,
because it implies that the presence or absence of slimglecomments does not affect the process of
automatic semicolon insertion (7.9).

Comments behave like white spacedaare discarded except that, ifMultiLineCommentcontains a line
terminator character, then the entire comment is considered td_be&erminatorfor purposes of parsing
by the syntactic grammar.

Syntax

Comment:
MultiLineComment
SingleLineComment

MultiLineComment:
* MultiLineCommentChagsg, */

MultiLineCommentChars
MultiLineNotAsteriskChar MultiLineCommentChgys
* PostAsteriskCommentChggs

PostAsteriskCommentChars
MultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChars
* PostAsteriskCommentChggs

MultiLineNotAsteriskChar:
SourceCharactebut not asterisk*

MultiLineNotForwardSlashOrAsteriskChar
SourceCharactebut not forward-slash/ or asterisk*
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SingleLineComment
/I SingleLineCommentChags

SingleLineCommentChars
SingleLineCommentChaingleLineCommentChags

SingleLineCommentChar
SourceCharactebut not LineTerminator

7.5 Tokens

Syntax

Token::
JdentifierName & | Deleted: ReservedWord
Punctuator Identifier
NumericLiteral
StringLiteral

7.5.1 Reserval Words
Description

Reserved words cannot be used as identifiers.

Syntax

ReservedWord
Keyword
FutureReservedWord
NullLiteral
BooleanLiteral

7.5.2 Keywords
The following tokens are ECMAScript keywords and may not be used as identifiers in ECMAScript

progams.
Syntax
Keyword:: one of

preak else new. var ‘ [Deleted: Break ]

case finally return void

catch for switch while

continue function this with

default if throw debugger ‘

delete in try

do instanceof typeof

7.5.3 Future Reserved Words

The following words areised as keywords in proposed extensions and are therefore reserved to allow fo
the possibility of future adoption of those extensions.

Syntax
FutureReservedWord one of
abstract enum int short
boolean export interface static
byte extends long super
char final native synchronized
class float package throws
const goto private transient
v jmplements | protected volatile | {Comment [pL3]:  This table needs to be repack}
double import public to get rid of the holes.

| [ Deleted: debugger ]
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Note
The identifiers c onst 6 , 6 | aeetlikKely to denused dnya ifuile dedsion of this standard.
7.6 Identifiers

Description
Identifiers are interpreted according to the grammar given in Section 5.16 ¢irtitede standard, with Deleted: upcoming version 3.0 of the ]
some small modifications. This grammar is based on both normative and informative character categories
specified by the Unicodg8tandard The characters in the specified categories in ver8iorof the Unicode Deleted: standard ]
standard mst be treated as in those categories by all conforming ECMAScript implemenjations [ Deleted: 2.1 ]
This standadt specifiesspecific character additionThe dollar sign$) and the underscore (_) are permitted Deleted: ; however, conforming ECMAScript
anywhere in an identifigr. implementations may allow additional legal identifier

. . A . . X characters based on the category assignment from |
Unicode escape sequences are also permitted in identifiers; where they contribute a single character to versions of Unicode
|de‘nt|f|er, as computed by the CV of_ tHenlcodeEscapeSequgnqsgg 7.8.4)._The\ preceding the Deleted: one departure from the grammar given in
UnicodeEscapeSequenatoes not contribute a chater to the identifier. AUnicodeEscapeSequence Unicode standard
cannot be used to put a character into an identifier.that would otherwise be illegal. In other words, if a - — -

. N . Deleted: The dollar sign is intended for use only in
UnicodeEscapeSequensequence were replaced by WsicodeEscapeSequeriseCV, the result must sti mechanically generated ced }
be a valididentifier that has the exact same sequence of characters as the ofiiginfier.

Two identifiers that are canonically equivalent according to the Unicode standandtagual unless they
are represented by the exact same sequenceo®& unis (in other words, conforming ECMAScript Deleted: code point ]
implementations are only required to do bitwise comparison on identifiers). 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 concern,nprogrammers _should only employ identifier characters defined in
Unicode 3.0.
Syntax
Identifier ::
IdentifierNamebut not ReservedWord
IdentifierName ::
IdentifierStart
IdentifierName IdentifierPart
IdentifierStart
UnicodelLetter
$
\ UnicodeEscapeSequence
IdentifierPart ::
IdentifierStart
UnicodeCombiningMark
UnicodeDigit
UnicodeConnectorPunctuation
\ UnicodeEscapeSegnce
UnicodeLetter
any character in the Unicode categories fAUppercase |
AModi fier letter (Lm)oé, AOther | etter (Lo)O, or fdiLette
UnicodeCombiningMark
any character in the Unicoda¢ e g or isgpsa cfi hogn mar k ( Mn) 6 or A Combining sp
UnicodeDigit
any character in the Unicode category fADecimal number
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UnicodeConnectorPunctuation
any character in the Unicode category fAiConnector pur

UnicodeEscapeSequence
see 7.8.4.

HexDigit:: one of
0123456789abcdefABCDETF

7.7 Punctuators

Syntax
Punctuator:: one of

: s < > <=
>= == 1= === ==
+ - * % ++ -
<< >> >>> & | 2
| ~ && Il il
= += -= *= %= <<=
>>= >>>= &= = A=

DivPunctuator:: one of
/ /=

7.8 Literals

Syntax

Literal ::
NullLiteral
BooleanLiteral
NumericLiteral
StringLiteral

7.8.1 Null Literals

Syntax
NullLiteral ::
null

Semantics
The value of the null literahull is the sole value of the Null type, namelyll.

7.8.2 Boolean Literals

Syntax

BooleanLiteral:
true
false

Semantics
The value of the Boolean liter&ue is a value of the Boolean type, nametlye.
The value of the Boolean literfdlse is a value of the Boolean type, namédyse.

7.8.3 Numeric Literals
Syntax
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NumericLiteral::
DecimalLiteral
HexIntegerLiteral

DecimalLiteral::
DecimallntegerLiteral DecimalDigitgy: ExponentPagh
. DecimalDigits ExponentPayg;
DecimallntegerLiteal ExponentPagt,

DecimalintegerLiteral:

0

NonZeroDigit DecimalDigitg;

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit:: one of
0123456789

NonZeroDigit:: one of
123456789

ExponentPart:
ExponentindicatoSignedinteger

Exponentindicator: one of

e E

Signedinteger:
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiterat:
0x HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

The source character immediately. following NumericLiteral must not be anldentifierStart or
DecimalDigit

NOTE
For example:
3in
is an error and not the two input eleme®sandin.
Semantics

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

The MV of NumericLiteral:: DecimalLiteralis the MV ofDecimalLiteral

The MV of NumericLiteral:: HexIntegerLiterais the MV ofHexIntegerLiteral

The MV of DecimalLiteral:: DecimallntegerLiteral is the MV ofDecimalintegerLiteral

The MV of DecimalLiteral:: DecimalintegerLiteral DecimalDigitsis the MV of DecimallntegerLiteralplus
(the MV of DecimalDigitstimes 10", wheren is the number of charactersiecimalDigits.

12 January 2009



-19 -

The MV of DecimalLiteral:: DecimallntegerLiteral. ExponentParis the MV of DecimallntegerLiteratimes
10°, whereeis the MV of ExponentPart

The MV of DecimalLiteral :: DecimalintegerLiteral . DecimalDgits ExponentPartis (the MV of
DecimallntegerLiteralplus (the MV ofDecimalDigitstimes 10") times 16, wheren is the number of
characters ilDecimalDigis andeis the MV of ExponentPart

The MV of DecimalLiteral::. DecimalDigitsis the MV of DecimdDigits times 10", wheren is the number of
characters ilecimalDigis.

The MV of DecimalLiteral::. DecimalDigits ExponentPais the MV of DecimalDigitstimes 16", wheren is
the number of characters recimalDigis andeis the MV ofExponentPart

The MV of DecimalLiteral:: DecimallntegerLiterais the MV ofDecimalintegerLiteral

The MV of DecimalLiteral :: DecimallntegerLiteral ExponentPai$ the MV of DecimallntegerLiteraltimes
10°, whereeis the MV of ExponentPart

The MV of Decimalintegerltieral :: 0 is 0.

The MV of DecimalintegerLiteral: NonZeroDigitDecimalDigitsis (the MV of NonZeroDigittimes 10) plus
the MV of DecimalDigits wheren is the number of charactersDecimalDigits

The MV of DecimalDigits:: DecimalDigitis the MV ofDecimalDigit.

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

The MV of ExponentPart:

The MV of Signedinteger:

The MV of Signedinteger:

The MV of Signedinteger:

The MV of DecimalDigit::

Exponentindicator Signedintegsrthe MV ofSignedinteger
DecimalDigitsis the MV ofDecimalDigits

+ DecimalDigitsis the MV ofDecimalDigits

- DecimalDigitsis the negative of the MV ddecimalDigits
0 or of HexDigit:: 0 is 0.

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 ::
The MV of DecimalDigit.:
The MV of DecimalDigit::

1 or of NonZeroDigit::
2 or of NonZeraoDigit::
3 or of NonZeroDigit::
4 or of NonZeroDigit::
5 or of NonZeroDigit::
6 or of NonZeroDigit::
7 or of NonZeroDigt ::
8 or of NonZeroDigit::
9 or of NonZeroDigit::
Ais 10.

The MV of HexDigit ::
The MV of HexDigit ::
The MV of HexDigit ::
The MV of HexDigit ::
The MV of HexDigit ::

a or of HexDigit ::
b or of HexDigit ::
¢ or of HexDigit ::
d or of HexDigit ::
e or of HexDigit i

Bis 11.
Cis 12.
Dis 13.
Eis 14.

1 or of HexDigit ::
2 or of HexDigit ::
3.or of HexDigit::
4 or of HexDigit ::
5 or of HexDigit ::
6 or of HexDigit ::
7 or of HexDigit ::
8 or of HexDigit ::
9 or of HexDigit ::

lis 1.
2is 2.
3is 3.
4is 4.
5is 5.
6 is 6.
7is 7.
8 is 8.
9is 9.

The MV ofHexDigit:: f or of HexDigit:: Fis 15.
The MV of HexIntegerLiteral: Ox HexDigitis the MV ofHexDigit
The MV of HexIntegerLiterat: 0X HexDigitis the MV ofHexDigit

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

Once theexact MV for a numeric literal has been determined, it is then rounded to a value of the Numbe
type. If the MV is 0, then the rounded value+8; otherwise, the rounded value must the number
value for the MV (in the sense defined in 8.5), unless iteedl is aDecimalLiteraland the literal has
more than 20 significant digits, in which case the number value may be either the number value for tt
MV of a literal produced by replacing each significant digit after the 20th withdégit or the number
value for the MV of a literal produced by replacing each significant digit after the 20th Witthigit and

then incrementing the literal at the 20th significant digit position. A dig#igsificantif it is not part of

an ExponentParand

itis notO; or
there is a nonzero digit to its left and there is a nonzero digit, not iExpenentPartto its right.
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7.8.4 String Literals

A string literal is zero or more characters enclosed in single or double quotes. Each character may be
represented by an es@pequenceAll Unicode characters may appear literally in a string literal except

for the closing quote character, backslash, carriage retums separator, paragraph separatomd line

feed. Any character may appear in the form of an escape sequence.

Syntax

StringLiteral ::
" DoubleStringCharactegg; "
' SingleStringCharactess; '

DoubleStringCharacters
DoubleStringCharacteDoubleStringCharactegsg

SingleStringCharacters
SingleStringCharactegingleStringCharactes

DoubleStringCharacter.
SourceCharactebut not doublequote” or backslash -or LineTerminator
\ EscapeSequence
LineContinuation

SingleStringCharacter.
SourceCharactebut not singlequote' orbackslash or LineTerminator
\ EscapeSequence
LineContinuation

LineContinuatiorn:
\ LineTerminatoBequence

EscapeSequence
CharacterEscapeSequence
0 [lookaheace DecimalDigif
HexEscapeSequence
UnicodeEscapeSequence

CharacterEscapeSequence
SingleEscapeCharacter
NonEscapeCharacter

SingleEscapeCharacter one of
t b f nrtv

NonEscapeCharacter
SourceCharactebut not EscapeCharacteor LineTerminator

EscapeCharacter.
SingleEscapeCharacter
DecimalDigit
X
u

HexEscapeSequence
x HexDigit HexDigit

UnicodeEscapeSequence
u HexDigit HexDigit HexDigit HexDigit
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The definitions of the nonterminalexDigit is given in section 7.8.35ourceCharacteis described in
sections 2 and 6.

A string literal stands for a value of the String type. The string value (SV) of the literal is described ir
terms of character valueCV) contributed by the various parts of the string literal. As part of this
process, some characters within the string literal are interpreted as having a mathematical value (MV),

described below or in section 7.8.3.

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

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

The SV ofStringLiteral:: " DoubleStringCharacters is the SV ofDoubleStringCharacters

The SV ofStringLiteral:: ' SingleStringCharacters is the SV ofSngleStringCharacters

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

The SV ofDoubleStringCharacters DoubleStringCharacteDoubleStringCharacters a sequence of the CV
of DoubleStringCharactefollowed by all the characters in the SV@dubleStringCharacteri order.

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

The SV ofSingleStringCharacters SingleStringCharacteSingleStringCharacters a sequence of the CV of
SingleStringCharacteiollowed by all the characters in the SVSihgleStringCharacters order.

The SV ofLineContinuation: \ LineTerminatons the empty character sequence

The CV of DoubleStringCharacter:: SourceCharacterbut not doublequote " or backslash\ or
LineTerminatoris theSourceCharactecharacter itself.

The CV ofDoubleStringCharacter.\ EscapeSequenégthe CV of theEscapeSequence

The CV ofSingleStringCharacter. SourceCharactebut not singlequote’ or backslasi or LineTerminator
is theSourceCharactecharacter itself.

The CV ofSingleStringCharacter. \' EscapeSequencethe CV of theEscapeSequence

The CV ofEscapeSequenceCharacterEscapeSequeniethe CV of theCharacterEscapeSequence

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

The CV ofEscapeSequenceHexEscapeSequenisethe CV of theHexEscapeSequence

The CV ofEs@peSequence UnicodeEscapeSequenisehe CV of theJnicodeEscapeSequence

The CV of CharacterEscapeSequence SingleEscapeCharactes the character whosgode unitvalue is |
determined by th8ingleEscapeCharacteiccording to the following table:

Escape Sequence Lode UnitValue Name Symbol ‘

\b \ u0008 backspace <BS>
\'t \ u0009 horizontal tab <HT>
\'n \ UOOOA line feed (new line) <LF>
\v \ u000B vertical tab <VT>
\f \ uoooC form feed <FF>
\r \'u000D carriage return <CR>
\ " \ u0022 double quote !

\' \ u0027 single quote '

\\ \ u005C backslash \

The CV ofCharacterEscapeSequenceNonEscapeCharactés the CV of theNonEscapeCharacter

The CV of NonEscapeCharacter. SourceCharactetbut not EscapeCharacteor LineTerminatoris the
SourceCharactecharacter itself.

The CV ofHexEscapeSequencex HexDigit HexDigit is the character whogmde unitvalue is (16 times the|
MV of the first HexDigit) plus the MV of the secondexDigit
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The CV ofUnicodeEscapeSequenceu HexDigit HexDigit HexDigit HexDigitis the character whogmde unit [

value is (4096 (that is, Tptimes the MV of the firsHexDigif) plus (256 (that is, B times the MV of the
secondHexDigit) plus (16 tines the MV of the thirddexDigit) plus the MV of the fourttidexDigit

NOTE

Aline terminatorcharacter cannot appear in a string litergtxcept whepreceded by a backslash as

a 6LineContinuationd t 0o gequendeuThee cortedt avay domgatsg a kine a r

terminator character to be part of the string value of a string literal is to use an escape sequence such as
\'n or\ uOOOA.

7.8.5 Regular Expression Literals

A regular expression literal is an input element thatdeverted to a RegExp object (section 15 28%h

Deleted: code point ]
Deleted: 'LineTerminator' ]
Deleted: even if ]
Deleted: when it is scanned ]

time the literal is evaluategQ’'wo 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 at runtime hgw Reg Exp (section 15.10.4) or calling th®egExp

Deleted: The object is created before evaluation of
the containing program or function begins. Evaluatic
of the literal produces a reference to that object; it d
not create a new object.

constructor as a function (section 15.10.3).

The productions below describe the syntax for‘a regular expression literal and are used by the input
element scanner to find the end of the regular.expression lifEnal 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. An
implementation may extenthe regular expression constructor's grammar, but it should not extend the
RegularExpressionBodynd RegularExpressionFlagproductions or the. productions used by these
productions.

Syntax

RegularExpressionLiteral
| RegularExpressionBody RegularExpressionFlags

RegularExpressionBody
RegularExpressionFirstChdegularExpressionChars

RegularExpressionChars
[empty]
RegularExpressionChars RegularExpressionChar

RegularExpressionFirstChar
NonTerminatobut not* or\ or/ or
Backslash&quence
RegularExpressionClass

RegularExpressionChar
NonTerminatobut not\ or/ or
BackslashSequence
RegularExpressionClass:

BackslashSequence
\ NonTerminator

NonTerminator:
SourceCharactebut not LineTerminator

RegularExpressionClass
[ RegularExpressidblassPreambleRegularExpressionClassChais

RegularExpressidblassPreamble:
em[zty

e
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RegularExpressionClassChars

empty
RegularExpressionClassChamRegularExpressionClassChar

RegularExpressionClassChar
NonTerminatoibut not ] or\ or -
- RegularExpressionClassChar

BackslashExpression

RegularExpressionFlags
[empty]
RegularExpressionFlags IdentifierPart

NOTE
Regular expression literals may not be empty; instead of representing an empty regular expressic
literal, the characters// start a singleline comment. To specify an empty regular expression, use

1(?:)/

Semantics

A regular expression litergtvaluates taa value of the Object typghat is an instance of the standaid [ Deleted: stands for ]
built-in constructor RegExpThis value is determined in two steps: first, the characters comprising the

regular expression'fRegularExpressionBodynd RegularExpressionFlagproduction expansions are
collected uninterpreted into two strings Pattern and Flags, respectively. ddigntime the literal is
evaluateda new object is created as if Iblye expressionnew RegExp ( Pattern, Flags ) where
RegExpis the standard budindconstructor with that‘namehe newly construted objegtbecomes the
value of the RegularExpressionLiteraf the call tonew RegExp would generatgan error,the error
must be reported while scanning the program

7.9 Automatic Semicolon Insertion { Deleted: becomes the value of the

Deleted: constructor is called with two
arguments Pattern and Flags and t

Deleted: result

Certain ECMAScript statements nigty statement, variable statement, expression staterdentyhile RegularExpressiont teral
statementcontinue  statementbreak statementreturn - statement, andhrow statement) must be

terminated with semicolons. Such semicolons may always appear explicitly in the source dext.| F
convenience, however, such semicolons may be omitted from the source text in certain situations. The Deleted: an implementation may, at its

situations are described by saying that semicolons are automatically inserted into the source code tok discretion, either report the error immediately

stream in-those situations. while scanning the program, or it may defer tt
error until the regular expression literal is

Deleted: |If

Deleted: s

A

7.9.1 Rules of Automatic Semicolon Insertion evaluated in the course of program execution
e When, as the program is parsed from left to right, a token (calledffaeding tokehis encountered Comment [pL4]:  Note that both IE and FF dete
that is not allowed by any production of the grammar, then a semicolon is automatically inserte( €1y (tstcase below).
before the offending tokeri one or more of the following conditions is true: <script>
. . . . . ar falsy = function(){return
1." The offending token is separated from the previous token by at leadtin@®erminator 0}0: b SIS
. . re = /[/)/;
2. The offending token i$ . alert(re);
if (falsy) {
¢ When, as the program is parsed from left to right, the end of the input stream of tekens i ;?ezrt:(rgg)'
encountered and the parser is unable to parse the input token stream as a single compli ) '
ECMAScript Program then a semicolon is automatically inserted at the end of the input stream. </script>

¢ When, as the program is parsed from left to right, a token is encountered that is allowed by somrr
production of the grammar, but the production iseatricted productiorand the token would be the
first token for a terminal or nonterminal immediately folwvi ng t h e [sonimeTerdnisaori 0 n
herep wi thin the restricted production (and thei
the restricted token is separated from the previous token by at leastim@®erminator then a
semicolon is atomatically inserted before the restricted token.

However, there is an additional overriding condition on the preceding rules: a semicolon is neve
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 heaflarfor statement (section 12.6.3).

NOTE
These are the only restricted productions in the grammar:
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PostfixExpression
LeftHandSideExpressiofno LineTerminatothere] ++
LeftHandSideExpressiofno LineTerminatothere] --

ContinueStatement
continue  [no LineTerminatoihere] Identifieryy ;

BreakStatement
break [noLineTerminatotere] ldentifier,y;

ReturnStatement
return [no LineTerminatorhere] Expressiogm;

ThrowStatement
throw [no LineTerminatohere] Expression

The practical effect of thesestricted productions is.as follows:

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

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

The resuling practical advice to. ECMAScript programmers is:

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

e An Expressionin areturn or throw statement should start on the same line asréltern or
throw token.

e A label in abreak or continue statement should be on the same line as ltheak 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 rules.
In contast, the source

{1

213
is also not a valid ECMAScript sentence, but is transformed by automatic semicolon insertion into the
following:

{1

213
which is a valid ECMAScript sentence.
The source

for (a; b

)

is not a valid ECMAScript sentence and st altered by automatic semicolon insertion because 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
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return
a+b

is transformed Y automatic semicolon insertion into the following:

return;
a+b;

NOTE

The expressiom + b is not treated as a value to be returned by theurn statement, because a

'LineTerminator' separates it from the tokesturn
The source
a=b
++C
is transforme by automatic semicolon insertion into the following:

a=b;
++C;

NOTE
The tokent++ is not treated as a postfix operator applying to the varidbléecause a 'LineTerminator'
occurs betweeb and ++.

The source
if (@>b)
elsec=d

is not a valid ECMAScript sentence and is not altered by automatic semicolon insertion befelgethe

token, even though no production of the grammar applies at that point, because an automatically insert

semicolon would then be parsed as an empty stent.
The source
a=b+c
(d-+ e):print()
is not transformed by automatic semicolon insertion, because the parenthesised expression that
the second line can be interpreted as an argument list for a function call:
a=b +c(d + e).print()

beg

In the cicumstance that an assignment statement must begin with a left parenthesis, it is a good idea -

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

Types

Algorithms within this specification manipulate values each of which has an associated type. The pg
value types are exactly those defined in this section. Types are further subclassified into ECMA
lanquage types and specification types.

An ECMAScript lan@age type corresponds to values that are directly manipulated by an ECMAS
programmer using the ECMAScrpt lanquage. The ECMAScript language types are Undefined, Null, Bq
String, Number, and Object.

A specification type corresponds to metaluesthat are used within algorithms to describe the semantics
ECMAScript lamguage constructs and ECMAScript language types. The specification types are Refe
List, Completion, Property Descriptor, Property Identifier, Lexical Environment, and EnviminRecord.

Specification type values are specification artifacts that do not necessarily correspond to any specifi

within an ECMAScript implementaiton. Specification type values are used to describe intermediate res|
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ECMAScript_expression ewaation but such values cannot be stored as properties of objects or values of

ECMAScript language variables. Deleted: A value is an entity that takes on onenafe
. types. There aminetypes (Undefined, Null, Boolean,
The Undefined Type String, Number, Object, Reference, Listd

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

Completior). Values of type Reference, List, and
Completion are used only as intermediate results of

value has the valuendefined. expression evaluation and cannot be stored as prope

of objects.

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

The Boolean Type
The Boolean type represents a logical entity having two values, dallecandfalse.
The String Type

The String type is the set of all finite ordered sequences of zero or mebé& LBsigned integer values
(el ement so) . The String type is generally used to

in which case each element in tB&ing is treated as'gode unitvalue (see section 6). Each element is [ Deleted:

code point ]

regarded as occupying a position within the sequence. These positions are indexed with nonnegative
integers. The first element (if any) is at position 0, the next elemémingi) at position 1, and so on. The
length of a string is the number of elements (i.e-pltévalues) within it. The empty string has length zero

and therefore contains no elements.

When a string contains actual textual data, each element is considebedatsingle UTR6 unit. Whether

or not this is the actual storage format of a String, the characters within a String are numbered as though
they were represented using U-LB. All operations on Strings (except as otherwise stated) treat them as
sequence of undifferentiated 1®it unsigned integers; they do not ensure the resulting string is in
normalised form, nor do they ensure languagesitive results.

NOTE

The rationale behind these decisions was to keep the implementation of Strings as simplighand
performing as possible. The intent is that textual data.coming into the execution environment from outside
(e.g., user input,text read from a file or received over the network, etc.) be converted to Unicode
Normalised Form C before the running prograees it. Usually this would occur at the same time incoming

text is converted from its original character encoding to Unicode (and would impose no additional
overhead). Since it'is recommended that ECMAScript source code be in Normalised Form Cjtetaigy |

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*-2°3+3) valuesrepresenting the double
precision. 64bit format |IEEE 754 values as specified in the IEEE Standard for Binary FloRbig
Arithmetic, except that the 9007199254740990 (that¥&2) di st-aMwmb d@&rNotval ues of
Standard are represented HCMAScript as a single specidlaN value. (Note that theNaN value is

produced by the program expressidaN) In some implementations, external code might be &hbldetect
a difference between various N@Number values, but such behaviour is implementatiependent; to

Deleted:

, assuming that the globally defined variab}

NaNhas not been altered by program execution

ECMAScript code, all NaN values are indistinguishable from each other.

There are two other special values, calpesitive Infinity andnegativelnfinity . For brevity, these values
are also referred to for expository purposes by the symbo and—w, respectively. (Note that these two
infinite number values are produced by the program expressibrimity (or simply Infinity ) and

- Infinity v) { Deleted:

, assuning that the globally defined variabl¢
has not been altered by program executit

Infinity
The other 18437736874454810624 (that i¥-2°% values are called the finite numbers. Half of these are
positive numbers and half are negative numbers; for efiaite positive number there is a corresponding
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 symbaié and-0, respedtely. (Note that these two zero number values are
produced by the program expressier®s (or simply0) and- 0.)

The 18437736874454810622 (that i§*-25-2) finite nonzero values are of two kinds:
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18428729675200069632 (that i€*-2%% of them are normised, having the form
sxmx 2°

wheresis +1 or-1, mis a positive integer less thafi®sut not less than®3, ande is an integer ranging
from -1074 to 971, inclusive.

The remaining 9007199254740990 (that i¥-2) values are denormalised, havithg form
sxmx 2°
wheresis +1 or-1, mis a positive integer less thaf’2ande is —1074.

Note that all the positive and negative integers whose magnitude is no greatePtham 2presentable in
the Number type (indeed, the integer 0 has twoesentations+0 and- 0).

A finite number has awldd significandif it is nonzero and the integen used to express it (in one of the
two forms shown above) is odd. Otherwise, it hasaan significand

In this specification, prhxe  yw he nemesentsi anhexact manaepoereal v
mathematical quantity (which might even be an irrational number sun) means a number value chosen

in the following manner. Consider the set of allfinite values of the Number type —Oitemoved and wi

two additional values added to it that are not representable in the Number type, natfiiwisich is +1x

253 2°7Y and-2'2* (which is—1 x 2% x 2°7%. Choose the member of this set that is closest in value to

If two values of the set arequally close, then the one with an even significand is chosen; for this purpose,
the two extra values'®* and—2'?*are considered.to have @ven significands. Finally,'{f“was chosen,
replace it with+wo; if —2'°%*was chosen, replace it wi—ow; if +0 was chosen, replace it wi—0 if and only

if x is less than zero; any other.chosen value is used unchanged. The result is the number xalTdifor
procedure corresponds exactly to the behaviour of

Some ECMAGSript operators deal only with integers in the ra—23' through 2'-1, inclusive, or in the
range 0 through %-1, inclusive. These operators accept any value of the Number type but first converi
each such value to.one of*dnteger values. See the deigtions of the Tolnt32 and ToUint32 operators in
sectiong9.5and9.6, respectively.

The Object Type

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

¢ _A named data propertassociates a name. with a value and a set of boolean attributes.

¢ | A namedaccessorpropertyassociates a name with a get method, a set method, and a set of bgolea
attributes.

¢ An internal propertyhas .no name and is not directly accessible via the property accessor opefators
Internal properties exist purely fepecificationpurposes. How and whenternalproperties are used ig
specified by.the language specification below.

There are two types afccess for normal (neimternal) propertiesget and put, corresponding to retrieval
and assignmentespectively.

Property Attributes

Attributes are used in this specification to define and erpthe state of named properties.named
data property associates a name with the follovdtigbutes

Table 1 Attributes of a Named Data Property

Attribute Name Value Description
Domain

Value Any The value retrieved byeading the property.
ECMAScript
language
type
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[[Writ able]]

Boolean

If false_attempts by ECMAScript code to assign the
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propertyomtsuceeddue wi | |

[[Enumerable]]

Boolean

If true, the property will be enumerated by a-fior

enumeration (section 12.6.4). Otherwise, gheperty is said

to be norenumerable.

[[Configurablé]

Boolean

If false_attempts to delete the propernthange the propert:

to be an accessor propenty,change its attributes withil.

A namedaccessoproperty associates a name with the followattributes

Table 2 Attributes of a Named AccessorProperty

Attribute Name

Value TypeDomain

Description

Get Objector Undefined If the valueds an Object it must be a function. The
function.is called with nerguments to return the
property value each time the propegyead.

Set Objector Undefined | If.the value is an Object it must be a function. Th

function is called with the assigned value as its so|
argument each time the property is assigned. The|
effect.of a property'§Set]] method maybut it not
required\tohave an effect on the valueuated by
subsequentccalls to the properf{Get]] function.

[[Enumerable]] | Boolean If true, the property is to be enumerated by airfor
enumeration (section 12.6.4). Otherwise, the prop
IS'saidhto be noenumerable.

[[Configurabld] |<Boolean If false attempts to delete the properthange the

propeérty tobea data propertyor change its attribute
will fail.

v

If thé value of.an attribute is nexplicitly. specified for a named property, the default value as defined in

the following table is used:

Deleted: A property can have zero or more attribut

from the following sef]

Attribute
Table 3 Default Attribute Values
Attribute Default Value
Name
[[Valuell undefined

Get undefined

Set undefined

Writable false

Enumerable]] | false

Configurablg] | false

8.6.2 Object Internal Properties and Methods

This specification uses varioysternal properties and methods define the semantics of object values. [ Deleted: Internal ]

Thse internal properties and methate not part of th&CMAScriptlanguage. They are defined by this

specification purely for expository purposes. An implementation of ECMAScript must behave as if it
produced ad operated upon internal properties in the manner described here. For the purposes of this
document, the names of internal properties are enclosed in double square brackets [[ ]]. When an
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algorithm uses an internal property of an object and the objectrduteisnplement the indicated internal
property, aTypeError exception is thrown.

12 January 2009

Jhe following table summarises the internal properties used by this specificatibrmre applicable to| Deleted: There are two types of access for
all ECMAScript objects The description indicates their behaviour for native ECMAScript objectiess normal (norinternal) propertiesgetandput,
stated otherwise in this document for particular types of ECMAScript objects. In particular, Array fggg:ilzi‘\’lgwg to retrieval and assignment,
ob@ects have a s_liqhtly di_ffgl_'erdefinition of the [[ThrowingPut]] method (gee 15.4.5.19nd String Native ECMAScript objects have an interal
objects have a differerdefinition of the [[Ge&OwnProperty]] methodHost objects magupportthese property called [[Prototype]]. The value of this
property is eithenull  or an object and is use
for implementing inheritanc&@ropertieof the
, [[Prototype]] object are visible as properties ¢
The fAValue Type Domainodé column of the foll owj\n:/ the child object for thpurposes of get access,
internal properties. The type names refer to the types desfingelction8 augumented by the following but not for put accesp.
addi ti onahy nmenass fihe valMASCcmaiyptb el aanpgyitaED@ mnieys mes{ Deleted: implement J
Undefined, Nul. Boolean, String, or Number.iSpecOp means the interpna { Deleted: methods ]
i mpl ement ation provided pirocedure defined by fn —
by a list of descriptie parameter names. If a paraméter hame is the same as a typ¢heaniee name [ Deleted: implements ]
describes._theb/e of the parameter. | f a fiSpecOpo retur[ Deleted: methods ]
symbolfi Y dand the type of the returned value.
Table 4 Internal Properties Common to(All Objects
Internal Property YValue TypeDomain Description [Deleted: Parameters ]
[[Prototypel]] Objector Null The prototype of this object. [Deleted: none ]
[[Class]] Sring A st_ring _value indicatinq.a specification _define [Deleted: none ]
classification of objects - - —
[[PrimitiveValue]] primitive Internal state information associated with this object ( Deteted: _the kind of this object )
Extensible Boolean If true, own properties may be added to the object. [Deleted: none ]
[[Get]] SpecOjfpropertyNamgY Returns the value of theamedproperty. [De|eted; P ]
any
[[GetOwnProperty]] SpecOppropertyNamg Y. Returns the Property Descriptor of the named owr|
Undefinedor Property property of this object, arndefinedif absent.
Descriptor
GetProperty] SpecOgpropertyNamg Y. Returnsthe fully populatedProperty Descriptorof the
Undefinedor Property named property of this object, ondefined if absent.
Descriptor
[[Put]] SpecOp(propertyNameany) | Sets the specifiedamedproperty tpthe value of the [Ddeted; P ]
second parameter [D -
= —_— eleted: Value ]
[[CanPut]] SpecOp(propertyNamg Y Returns gBooleanvalue indicating whether a [[Put
Boolean operation withPropertyNamesan be performed (Deleted: _value )
[[HasProperty]] SpecOp(propertyNamg Y Returns aBpolean value indicating whether the obj [ Deleted: P ]
boolean already has aropertywith the given name. O\ ~[De|eted: boolean ]
[[Delete]] SpecOp(PropertyName Removes the specifiedamed ownproperty from the| N\ ‘(Delete 4 will succeed ]
Boolear) Y Boolean object.The flag controls failure handling. . :
[[DefaultValue]] SpecOp(Hint) Y_ primitive Hint is a stringReturns a default value for the object \ {De'emdi P ]
[[DefineOwnProperty]] | SpecOppropertyName, Creates or alterthe named own property to have t [Deleted: b ]
PropertyDegiptorc state descrlbed by a Property DescriptorThe flag [Deleted: member ]
Boolean controls failure handling { - —
ThrowingPut SpecOppropertyNameany, | Sets the specified named propertythe value of the {De'e“?d' » which should be a primitive value (”0'}
. " an object or reference)
Boolean second parameterheflag controlsfailure handling.
Comment [pL5]:  Divide the table into two; one
X X X X .| properties of all objects, and the othepisperties
All ECMAScript objects have an internal property called [[Prototype]]. The value of this proper{y is | that apply to only some objects.
either null_or_an object and is used for implementing inheritance. Named data properties df th Deleted: [[Construct] f—i
[[Prototype]] object are inherited (are visible as properties of the child object) for the purposes pf ge :
access, but not for put access. Named accessor propertiesh@aréed for both get access and put
access.
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Every object (including host objects) must implement the [[Prototyp§fllass]]. and [[Extensible]] [

Deleted: and ]

internal dataproperties and the [[Get]]|[GetProperty]], [[GetOwnProperty]][[DefineOwnProperty]],
[[Put]], [[CanPut]], [[HasProperty]], [[Delete]], and [[DefaultValuelhternal methods. (Note, however,
that the [[DefaultValue]] method may, for some objects, simply throkygeError exception.)

The value of the [[Prototype]] property must be either an abge null, and every [[Prototype]] chain
must have finite length (that is, starting from any object, recursively accessing the [[Prototype]] property
must eventually lead to aull value). 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-ioudbject. The
value of the [[Class]] property of a host object may be &fyng value, even a value used by a bt
object for its [[Class]] property. The value of a [[Class]] property is used internally to distinguish
different kinds of builtin objects. Note that this specification does not provide any means for a program
to access that value except throughject.proto  type.toString (see 15.2.4.2).

For most native objects thgommon internamethods.behave as described in describefl.ir?, except
that Array objects have a slightly different implementation of tfié[pwingPut]] method (see 15.4.5.1)

Deleted: [[Get]], [[Put]], [CanPut]], [[HasPropeny]]J
[[Delete]] and [[DefaultValue]]

and String objects have a slightly different implementation of the [[GetOwnPropertgihod (see
15.5.5.2) Host objects may implement these methods in any manner unless specified otherwise; f

Deleted: 8.6.2.1,8.6.2.2,8.6.2.3,8.6.2.4,8.6.25¢
8.6.2.6, repectively

example, one possibility is that [[Get]] and [[Put]] for a particular host object indeed fetch and store
property values but [[HasProperty]] always generdtése.

Table 5 Internal Properties Only Defined for.Some Objects ‘

assuméD is a native ECMAScript obje@ndP is a

Deleted: In the following algorithm descriptions,
string.

Internal Property Value Type Domain Description
Construct SpecOfa list ofany) Y Constructs an object. Invoked via tmew operator.
Object The arguments to the SpecOp are the arguments p

to the new_operator. Objects that implement thi
internal method are callexbnstructors

SpecOfa list ofany) ¥ _any | Executes ode associated with the object. Invoked vi
or Reference function call.expressionthe arguments to the Spec
are the “arguments passed to the function
expression. Objects that implement this intern
method arefunctions Only functions that are ho
objects ma return Reference values.

HaslInstance]] SpecOyany) Y. Boolean Returns a Boolean value indicating whethethe

argument is an Object thdelegates behaviour to th
object. Of thestandard buitin ECMAScript objects,
only Objectsthat are instances of the standard buil
constructoFunction implement [[HasInstance]].

Scope Lexical Environment A lexical environment that defines the environmen

which a Function object is executedf the standarg
built-in ECMAScript objets, only Objects that arg
instances of the standard btiiit constructorFunction
implement [[Scope]].

FormalParameters]] | List A possibly empty List containing the identifier strin

of a F uFormdlHarameted istOf the standarg
built-in ECMAScript objects, onlyObjects that arg
instances of the standard buiiit constructor Functio
implement [[FormalParameterList]].

Code ECMAScript code The ECMAScript code of a function. Of the stand

built-in ECMAScript objects, onlyObjects that ar¢
instances of the standard buiiit constructor Functio
implement [[Code]].

Match SpecOfstring, index ¥. Tests for a regular expression match and retur

MatchResult MatchResult value (see section 15.10.2.0F the
standard buitin ECMAScript objects only only
objects that are instances of the standard -bui
constructoRegExpimplement [[Match]].
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not |

8.7 The ReferenceSpecification Type
" The Reference type is used to explain the behaviour of spehators asdelete , typeof , and the
assignment operators. For example, the-fefbd operand of an assignment is expected to produce a
reference. The behaviour of assignment could, instead, be explained entirely in terms of a case analysis
the syntactidorm of the lefthand operand of an assignment operator, but for one difficulty: function calls
are permitted to return references. This possibility is admitted purely for the sake of host objects. No buil
in ECMAScript function defined by this specifigan returns a reference and there is no provision for a
userdefined function to return a reference. (Another reason not to use a syntactic case analysis is thai
would be lengthy and awkward, affecting many parts of the specification.)
A Referenceis areference to a resolved name binding. A Reference consists of three componeh&seth
value the referenced nameand the Boolean valuestrict referenceflag. The base value is either null, a
object, or an environment record (10.2.1). A base value of null indicates that the reference could
resolved to a binding. The referenced name is a string
The following abstract operations are used in this specification to acceserttponents of references:
e GetBase(V). Returns the bagseluecomponent of.the reference V.
o GetReferencedNan(¥). Returns thgeferencechame component of the reference V.
¢ IsStrictReference(V). Returns the strict referencmponent of the.reference V. \
e IsPropertyReference(V). Returrieue if the base value is an object afalse if the base value is an
environment record.
e IsUnresolvableReference(VReturnstrue if the base value isull andfalseotherwise.
The followingabstract operations are used in this specification to operate on references:
8.7.1 GetValue (V)
1. If Type(V) is not Reference, retui.
2. Letbasebe the result of callinGGetBasey).
3. If UnresolvableReferenc¥], throw. aReferenceError exception.
4. If IsPropertyReférenc&), then
a. Return the result of callinthe [[Get]] method opase passingGetReferencedNan(¥) for
theargument
5. Else,basemust be an environment record.
a. Return the reault of callinthe GetBindingValudy, S) concrete method of Result(2) passinig
GetReferencedNam¥jand IsStrictReferenc¥j as arguments.
8.7.2 PutValue (V, W)
1. If Type(V) is not Reference, throw ReferenceError exception.
2. Lket basebe the result of callingetBaseY).
3. If UnresolvableReferenc¥], then
aun If IsStrictReference) istrue, then throw eReferenceError exception.
b. Call the [[ThrowngPut]] method for the global object, passing Beferencelame{) for
the property namey for the value, andalse for the Throwflag.
4. Else if IsPropertyReference), then
a. Call'the [[ThrowngPut]] method ofbase passing GetReferencedNarwgfor the property
name W for the value, andsStrictReference() for the Throw flag.
5. Elsebasemust be a reference whose base is an environment record. So,
a. Call theSetMutableBindind{, V, S) concretemethod ofbase passing
GetReferencelame) for N, W for V, andlsStrictReference() for S.
6. Return.
8.8 The List Specification Type
The List type is used to explain the evaluation of argument lists (see 11.2@gwnexpressionsin
function calls and in other algorithms where a simple list of values is nee¥allies of the List type are
simply ordered sequences of valuebe$e sequences may be of any length.
8.9 The Completion Specification Type

JThe Completion typés used to explain the behaviour of statemermiegk
throw ) that perform nonlocal transfers of control. Values of the Completion type are triples of the form

Deleted: 1

8.6.2.1 [[Get]] (P)1

When the [[Get]] method dD is called with
property namé, the following steps arekan
IfOdoesndét have aPmoto
step 41
Get the value of the propery.

Return Result(2).

If the [[Prototype]] ofO is null, return
undefined.§
Call the [[Get]] method of [[Prototype]] with
property namé.{

Return Result(5).

8.6.2.2 [[Put]] (P, V)T

When the [[Put]] method d® is called with
propertyP and valueV, the following steps are
taken{

<#>Call the [[CanPut]] method d@® with name
P

<#>If Result(1) isfalse, return
<#fOdoesndt have
go to step 4]

<#>Set the value of the property%o The
attributes of the property are not chanfed.
<#>Returnf

<#>Create a property with nanf set its value
to Vand give it empty attributef.

<#>Return{

Note, however, that D is an Array object, it
has a more elaborate [[Putflethod (15.4.5.1§.
8.6.2.3 [[CanPut]] (P)1

The [[CanPut]] method is used only by the
[[Put]] method{

When the [[CanPut]] method @i is called
with propertyP, the following steps are takéh
IfOdoesnodt have aPpmoto

step 41 h

a Pp

Deleted: The internal Reference type is not a
language data typdt is defined by this
specification purely for expository purposg

Deleted: Another use of the Reference type i
to explain the determirian of thethis value for
a function callf

Deleted: object

Deleted: GetPropertyName

Deleted: property

Deleted: Call

Deleted: Result(2) ishull

Deleted: Call

Deleted: Result(2)

Deleted: GetPropertyName

Deleted: property name

N O Y O

Deleted: Return Resul).

)
J
J
)
J
J
)
)
J
J
)

Deleted: <#>If Type(V) is not Reference,
throw aReferenceError exceptionf
<#>Call GetBase\).1

, continue , return and
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Deleted: The internal List type is not a
language data typdt is defined by this
specification purely for expository purposg”

(

Deleted: and ]

Deleted: The internal Completion type is not
language data typdt is defined by this
specification purely for expository purpose_
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(type value target), wheretype is one ofnormal, break, continue, return, or throw, value is any
ECMAScriptlanguagevalue orempty, andtargetis any ECMAScript identifier oempty.

The term fiabrupt completiond refenmosnalt o any compl et

8.10 The Property Descriptorand Property Identifier_Specification Types

The Property Descriptor type is used to explain the manipulation and reification of named property
attributes. Values of the Property Descriptor type
name is an attribute name and value is a corresponding attribute value. In addition, any field beay
present or absent

Property Descriptor values may be further classified as data property descriptors and accessor property
descriptors based upon the existe or use of certain figs. A data property descriptor is one that includes

any fields named either [[Value]], or [[Writable]].rAaccessor property descriptor is one that includes any
fields named eithef{Get]], or [[Set]]. Any property descriptor may have fields nanff@humerable]], and
[[Configurabld]. A Property Descriptor value may not be both a data property descriptor and an accessor
property descriptor however it may be neither. A generic property descriptor is a Property Descriptor value
that is neither a dataroperty descriptor nor an accessor property descriptor.

For notational conenience within this specification, an object litedldte syntax can be used to define a
property descriptor value. For example, Property Descrifptatue:42ywritable: falseconfigurable true}
defines a data property descriptor. The order of listing fields names.is not signiffaaynfiields that are
not explicitly listedare considered to be absent

In_specification text and algorithms, dot notation may be used to refardpecific field of a Property
Descriptor. For example, i f D is a wproperty descri
namedvalueo .

The Property Identi&r type is used to associate a property name with a Property Descriptor. Vathes of
Property Identifier type are pairs of the form (name, descriptor). where name is a string and descriptor is a
Property Desdptor value.

The following abstract operations are used in this specification to operate upon Property Descriptor values

8.101 IsAccessorDeéscriptor (Desc)
When theabstract operatiotsAccessorDescriptois calledwith propertydescriptorDescthe following
steps are taken:
1. If'Descisundefined, thenreturnfalse:

24 If bothDesc[[Get]] andDesc[[Set]] are absenthen returrfalse
3. Returntrue.

8.102 IsDataDescriptor (Desc)

When theabstract operatiofsDataDescriptois calledwith propertydescriptorDescthe following steps
are taken:

1. If Descis undefined, thenreturnfalse
2. If bothDes¢[[Valu€]] and Desc[[Writable]] are absenthen returrfalse
3. Returntrue.

8.103 IsGenericDescriptor (Desc)
When theabstract operatiomsGenericDescriptois calledwith propertydescriptorDescthe following
steps are taken:

1. If Descis undefined, thenreturnfalse
2. If IsAccessorDescriptaflesq and IsDataDescriptdbesq arebothfalse then returrirue.
3. Returnfalse

8.104  FromPropertyDescriptor (_ Desc)

When the abstract operationFromPropertyDescriptoris called with property descriptor Desc the
following steps are takenthe following steps are taken:

The following algorithm assumes thadbesc is a fully populated Property Descriptor, such as that
returned from [[GetOwnProperty]]
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1. If Descis undefined, then returrundefined.
2. Let obj be the result of creating new object as if by the expressioew Object() where Object is the
standard buitin constructor with that name.
3. If IsDataDescriptoiDesq is true, then
a. Call the [[Put]] method obbjwi t h ar guments fAvalued and
b. Call the [[Put]] method ofbjwi t h ar g u me n tBescfiWwitabldl.abl eo a
4. Else,IsAccessorDescriptabflesq must betrue, so
a. Call the [[Put]] method obbjwi t h ar geh me m [§GER. s c .
b. Call the [[Put]] method ofbjwi t h ar seth meDedt[ESet]fi
5. Call the [[Put]] method obbjwi t h ar gument s Desef[Bnumeeabla bl ed and

6: Call the [[Put]] method obbjwi t h a r coofigueabl® s aDist[[Configurablg).

7. Returnobj.

8.105 ToPropertyDescriptor ( Obj )

When theabstract operatiodoPropertyDescriptois calledwith object Desc the following steps are

taken:

1. If Type(Obj) is not Object throw d&ypeError _exception

2. Letdescbe the result of creating a new Praperty Descriptor. that initially has no fields.

3. If the resilt of calling the [[HasProperty]]¢ method &fbj with-argument "enumerable” tsue, then
a. Letenum be the result of calling the [[Get]] method Obj with "enumerable".
b. Set the [[Enumerable]] field adescto ToBooleanénun).

4. If the result of calling the [[HasProperty]] \method @bj with argument:‘configurable" isue, then
a. Letconf be the result of calling the [[Get]] méthod ©bj with argument "configurable".
b. Set the [[Configurable]] field oflescto ToBoolean¢onf).

5. If the result of calling the [[HasProperty]] method@hj with argument "value" isrue, then
a. Letvaluebe the result of calling the [[Get]] method®bjwi t h ar gu ment f
b. Set the [[Value]] field ofdescto value.

6. If the result of calling the [[HasPrepty]] method ofObj with argument "writable" igrue, then
a. Letwritablebe the result of calling the [[Get]] method ©bj with argument "writable".
b. Set the [[Writable]] field ofdescto ToBooleangritable).

7. If the result of calling the [[HasProperty]]'method ®bj with argument et' is true, then
a. Letgetterbe the result of calling the [[Get]] method ©bj with argument get".
b. If IsCallable@ettel is false andgetteris notundefined, then throw alypeError exception.
c. Set the[[Get]] field ofidescto getter

8. Ifithe result of calling:the [[HasProperty]] method ©bj with argument Set' is true, then
a. Letsetterbe the result of calling.the [[Get]] method ©bj with argument Sef'".
b. If IsCallable&eter) s false andsetteris notundefined, then throw arypeError exception.
c. Set the[[Set]] field of descto setter

9. "If either desc[[Get]] or desc[[Set]] are present, then
a. If eitherdese[[Value]] ordesc[[Writable]] are present, then throwTaypeError exception.

10. Returndesc

8.11 The Lexical Environment and Environment Record Specification Types

The Lexical Environmentfand Environment Record types are used to explain the behaviour of

resolution in nested functions ardocks These types and theperations upon them are are defined |i

section 10.
8.12  Algorithms for Object Internal Methods
Property Description record, afithrowis a Boolean fg.
8.12.1 [[GetOwnProperty]] (P)

In the following algorithm descriptions, assurfeis a native ECMAScript objec® is a string,Descis a

When the [[GetOwnPropertylhternalmethod ofO is called with property namB, the following steps
are taken:
fOdoesndt have an owpetwnumdefieed.t y wi t h

Let D be a newly created Property DescriptSection 8.10) with no fields.
LetXbeO6s own proBerty named

name

nam

1
2.
3.
4. If Xis a data property, then
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a. SetD.[[Value]ltothevalueoXds [ [ Val ue]] att

b. SetD.[[Writable]]tothevalueoX6s [ [ Wr i tabl e]] a
5. ElseXis an accessor property, so

a. SetD.[[Get]] to the value oXd6 HGet]] attribute.

b. SetD.[[Set]] to the value oXd {Set]] attribute.
6. SetD.[[Enumerable]]tothevalueofd s [ [ Enumer abl e]] attribute.
7. SetD.[[Configurable]]to the valueok6 s [ [ Conf i gur abl e]] attribute.
8. ReturnD.

Note, however, that i© is a String object it has a more elaborate [[GetOwnProperty]] method (15.5.5.2).

8.12.2 [[GetProperty]] (P)

When the [[GetPropertylinternal method ofO is called with property namP, the following steps are
taken:

1. Letpropbe the result of callinghe [[GetOwnPropertylinternalmethod ofO with property named.
2. |f propis notundefined, return Result(1).

3. If the [[Prototype]linternal propertyof O is null £ returnundefined.

4. Call the [[GetProperty]internalmethod of [[Prototype]] with property nanie

5. Return Result(4).
8.123 [[Get]] (P)
When the [[Get]linternalmethod ofO is called with property name, the following steps are taken:

Let descbe te result of callinghe [[GetProperty]intérnalmethod ofO with property namé®.
If descis undefined, returnundefined.

If IsDataDescriptordesd is true, returndescf[Value]].

Otherwise, IsAccessorDescriptdgsg must be true sdet getterbe desc[[Get]].

If getteris undefined, returnundefined.

Return the result calling thigCall]] internalmethod ofgetterproviding O as thethis value and
providing no arguments.

8.124 [[CanPut]] (P)
When the [[CanPut]internalmethod ofO'is called with property name, the following steps are taken:

o |01 (3 00 |

1. Letdescbe the result of calling the [[GetOwnPropertyjlernalmethod ofO with argumentP.
2. If descis notundefined,then
a. IfilsAccessorDescriptodesg.is true, then
in. If desc[[Set]] is undefined, then returfalse.
li.__Else returrirue.
b. Else,descmust be a DmDescriptor so return the value @ésc[[Writable]].
Let proto be the internal [[PrototypeJhternalproperty ofO.
If'proto is null, then return the value of the [[Extensibléjlernalproperty ofO.
Letinheritedbe the result of calling the [[GetRyerty]] internalmethod ofproto with property name
P.
6. If inheritedis.undefined, return the value of the [[Extensible]] internal propertydf
7. If IsAccessorDescriptoniherited) is true, then
a. If inherited[[Set]] is undefined, then returrfalse.
b. Else returrtrue.
8. Else,inheritedmust be a DataDescriptor
a. If the [[Extensible]] internal property d is false, returnfalse.
b. Else return the value efherited[[Writable]].

NOTE
Host objects may define additional constraints upon [[Put]] operationgads$sible, host objects should
not allow [[Put]] operations in situations where this definition of [[CanPut]] returns false.

8.125 [[Throw ingPut]] ( P, V, Throw )

When the [[ThrowingPut]linternal method ofQO is called with propertyP, valueV, and boolean flag
Throwthe following steps are taken:

1| |0

1. If the result of calling the [[CanPut]hternalmethod ofO with argumentP is false, then
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a. |If Throwis true, then throw alypeError exception.
b. Else return.
2. LetownDesde the result of calling the etOwnProperty]] method d with argumentP.
3. If IsDataDescriptodwnDesg is true, then
a. Set the [[Value]] attribute of property of O to V.
b. Return.
4. Letdescbe the result of calling the [[GetProperty]] method®fvith argumentP. This may be
either anown or inherited accessor property descriptor or an inherited data property descriptor.
5. If IsAccessorDescriptodesq is true, then
a. Let setterbedesc[[Set]] which cannot beindefined.
b. Call the [[Call]] method ofetterproviding O as the this value and@viding V as the sole
argument.
6. Else, create a named data property nafeh objectO whose attributes are:
a. [[Valuel]]: V
b. [[Writable]]: true,
c. [[Enumerable]]: true,
d. [[Configurable]]: true.
7. Retun.

Note, however, that i© is an Array object, itthas a moedaborate [[ThrowingPut]] method (15.4.5.1).
[[Put]] (P, V)

8.12.7

[[Put]] is primarily used in the specification of buith methods. Algorithms. that require explicit contrq
over the handling of invalid property starehould.call [[ThrowngPut]] directly.

When the [[Put]]internal method»ofO is called with‘property® and valueV, the following steps are
taken:

1. Call the [[ThrowingPut]] internalmethod.ofO with arguments, V, andfalse.
2. Return.

[[HasProperty]] (P)

8.12.8

When the [[HasPropertylinternal method ofQ'is called with property namP, the following steps are
taken:

Let descbe the result of calling thg GetProperty]linternalmethod ofO with property namé®.
If descis undefinedythen returrfalse.
Else retrntrue.

[[Delete]] (P, Throw)

8.12.9

When the [[Delete]jnternalmethod ofO is called with property name and the boolean flaghrow, the
following steps are taken:

1. Letdescbe the result of callinthe [[GetOwnPrperty]] internalmethod ofO with property namé.
2. If desciswundefined, then returrtrue.
3. If desc[[Configurable]] istrue, then
a. Remove the own property with name P from O.
b. Returntrues
4. Else if Throw, then throw alypeError exception.
5. Returnfalse.

[[DefaultValuel] (hint)

When the [[DefaultValue]]nternalmethod ofO is called with hint String, the following steps are taken:

1. LettoStringbe the result of calling the [[Getihternalmethod of objecO with argument "toString".
2. If toStringis an object then,

3. Letstrbe the result of calling the [[Calljhternalmethod oftoString with O as the this value and
an empty argument list.

If stris a primitive value, returstr.

Let valueOfbe the result of calling the [[Getihternalmethod of objecD with argument "vlueOf".

o |01 |~

If valueOfis an object then,
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7. Letval be the result of calling the [[Callfhternalmethod ofvalueOf with O as the this value and
an empty argument list.

8. If valis a primitive value, returmal.

9. Throw aTypeError exception.

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

1. LetvalueOfbe the result of calling the [[Getihternalmethod of objecD with argument "valueOf".
2. If valueOfis an object then,
a. Letvalbe the result of ding the [[Call]] internalmethod ofvalueOf, with O as the this
value and an empty argument list.
b. If valis a primitive value, returrmal.
3. LettoStringbe the result of calling the [[Getihternalmethod of objecO with argument "toString".
4. |If toString is an object then,
a. Letstrbe the result of calling the [[Calljhternalmethod oftoString with O as the this
value and an empty argument list.
b. If stris a primitive value, returstr.
5. Throw aTypeError exception.

When the [[DefaultValue]lnternalmethod ofO4dS.called with no hint, then it behaves as if the hint were

Number, unles® is a Date object (see 15.9), in which case it behaves as if the hint were String.

The

above specification of [[DefaultValue]] for native objects can return only grienitalues. If a host

object implements its own [[DefaultValue]] method, it must ensure that.its [[DefaultValue]] method can

retu

rn only primitive values.

[[DefineOwnProperty]] (P, DeSe, Throw)

I n

the following al gor i t H fhrow fshree, them rthmow @ R/peEreoc t O

e X

ception, ot herwi sse return. o

When the [[DefineOwnProperty]jnternal methed of O is_called with property nameP, property

descriptorDesg andsboolean flag hrow, the followingsteps are taken:

1.

Let currentbe the result of calling thEGetOwnProperty]linternalmethod ofO with property

nameP:
Let extensiblebe thevalue ofthe [[Extensible]] internal property o®.

If currentis undefinedandextensiblds false, then Reject.

2.
3.
4

If-currentis undefined andextensibles true, then

a. IfiIsGenericDescriptoidesg or IsDataDescriptofjesq is true, then
i. Createran own data preperty nanfedf objectO whose [[Value]], [[Writable]],
[[Enumerable]] and [[Configurable]] attribute values are describe®égc If
the value ofian attribute field descis absentthe attribute of the newly created
property is setito its default value.
b. Else,Descmust be an accessor Property Descriptor so,
i. Create an own accessor property narReaf objectO whose[[Get]], [[Sef],
[[Enumerable]] and [[Configurable]] attribute values are describe®égc If

the value of an attribute field descis absent, the attribute of the newly created

property is set to its default value.
c. Return.
Return, if everyfield irDescis absent

Return, if every field irDescalso occurs ircurrentand the value of every field iBescis the

same value as the corresponding fieldinrent
If the [[Configurable]] field ofcurrentis falsethen

a. Reject, if the [[Configurable]] field oDescis true.
b. Reject, if the [[Enumerable]] field ofurrentandDescare the Boolean negation of each
other.
If IsGenericDescriptomesq is true, then no further validation is required.

Else, if IsDataDescriptocurrent) and IsDataDescriptoBesq have differentesults, then

a. Reject, if the [[Configurable]] field o€urrentis false.
b. If IsDataDescriptor§urrent) is true, then
i. Convert the property nameRiof objectO from a data property to an accessor

property. Preserve the existing values
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[[Configurable]] and [[Enumerable]] attributes and set the the rest of the

propertyés attributes to their def a

c. Else,

i. Convert the property na@a P of objectO from an accessor property to a data
property. Preserve the existing val

[[Configurable]] and [[Enumerable]] attributes and set the the rest of the

propertyés attributes to their def a

10. Else, if IsDaaDescriptor€urrenf) and IsDataDescriptobesq are bothtrue, then
a. If the [[Configurable]] field ofcurrentis false, then

i. Reject, if the [[Writable]] field ofcurrentis false and the [[Writable]] field of

Descis true.
ii. If the [[Writable]] field of currentis false, then
1. Reject, if the [[Value]] field ofDescis present and
SameValueDesc[[Value]], current[[Value]]) is false.
b. else, the [[Configurable]] field ofurrentistrue, so any change is acceptable.
11. Else, IsAccessorDescriptanfrrent) and EAccessorDescriptoblesq are bothtrue so,
a. If the [[Configurable]] field ofcurrentis false, then
i. Reject, if the[[Set]] field of Descis present and SameVali@sc[[Set]],
current[[Set]] is false.
ii. Reject, if the[[Get]] field of Descis present and SameValidgsc[[Get]],
current[[Get]]) is false

12. For each attribute field ddescthat is present, set the correspondingly named attribute of the

property namedP of objectO to the value of the field:
13. Return.

Type Conversionand Testing

The ECMAScript runtime system performs automatic type conversion as needed. To clarify the semantics

bl

bl

certain constructs it is useful to define a set of conversimstractoperations Theseabstractoperationsare |

type, but no of specification types

tn

ToPrimitive

Deleted: operators
not a part of the language; they are defined here to aid the specification of the semantics of the language. Deleted: operators
conversionabstractoperationsare polymorphic; that is, they can accept a value offa@AScript language :
cificationtvpes 0 L £ ., & o/ Deleted: operators
Deleted: standard
Deleted: type Reference, Lisgr Completion

The abstracioperationToPrimitive takes a Value argument and an optional argurReeferredType The

!

converting to more than one primitive type, it may use the optionalRrieferredTypeo favour that type.

Conversion occurs according to the following table:

Input Type Result

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 (no conversion).

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

Object Return a default value for the Object. The default value of an object is retrie
calling the internal [[DefaultValue]] method of the object, passing the opti
hint PreferredType The béaviour of the [[DefaultValue]] method is defined
this specification for all native ECMAScript objects (8.6.2.6).

ToBoolean

The abstractpperation ToBoolean converts its argument to a value of type Boolean according td the[

following table:
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Input Type Result

Undefined false

Null false

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

Number The result idalseif the argument i3-0, -0, or NaN; otherwise the result tsue.

String The result idalseif the argument is the empty string (its length is zero); other)
the result igrue.

Object true

9.3 ToNumber

The abstractoperation ToNumber converts its argument to a value of type Number according to the[ Deleted: operator

following table:

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

9.3.1 ToNumber Applied to the String Type

ToNumber applied to strings applies the following grammar to the input string. If the grammar cannot
interpret the string as an expansionStfingNumericLiteral then the result of ToNumber aN.

StringNumericLiterat::
StrWhiteSpacg:
StrWhiteSpacg: StrNumericLiteral StrWhiteSpage

StrWhiteSpace:
StrwWhiteSpaceChar StrWhiteSpage
StrWhiteSpaceChar:
WhiteSpace Deleted: <TAB>
LineTerminator <SP>
""" <NBSP>
StrNumericLiteral.:: :\F/.F;
StrDecimalLiteral <CR>
HexlIntegerLiteral <LF>
<LS>
<PS>

StrDecimalLiteral :::

StrUnsignedDecimalLiteral [ Deleted: <USP>

+ StrUnsignedDecimalLiteral
- StrUnsignedDecimalLiteral
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StrUnsignedDecimalLiterat:
Infinity
DecimalDigits. DecimalDigits,ExponentPag;
. DecimalDigits ExponentPayg;
DecimalDigits ExponentPay;

DecimdDigits :::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit::: one of
0123456789

ExponentPart::
Exponentindicator Signedinteger

Exponentindicator:: one of
e E

Signedinteger::
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiterat::
0Ox HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit::: one of
0123456789abcdefABCDEF

Some differences should be noted between the syntaxSifiagNumericLiteraland aNumericLiteral
(see 7.8.3):

A StringNumericLiteralmay be preceded and/or followed by white space and/or line terminators.
A StringNumericLiteralthat is decimal may have any number of leadindigits.

A StringNumericLiterathat is decimal may be preceded byr - to indicate its sign.

A StringNumericLiterakthat is empty or contains only white space is convertetOto

The conversion of a string to a number value is similar overall to the determination of the number valu
for a numeric literal (see 7.8.3), but sometbe details are different, so the process for converting a
string numeric literal to a value of Number type is given here in full. This value is determined in two
steps: first, ‘@ mathematical value (MV) is derived from the string numeric literal, sedbidd,
mathematical value is rounded as described below.

The MV of StringNumericLiteral:: [empty]is O.

The MV of StringNumericLiteral:: StrWhiteSpacés 0.

The MV of StringNumericLiteral::: StrWhiteSpacg; StrNumericLiteral StrWhiteSpaggis the MV
of StrNumericLitera] no matter whether white space is present or not.

The MV of StrNumericLiteral::: StrDecimalLiteralis the MV of StrDecimalLiteral.

The MV of StrNumericLiteral::: HexlIntegerLiteralis the MV ofHexIntegerLiteral

The MV of StrDecimalLiteral ::: StrUnsignedDecimalLiteral is the MV of
StrUnsignedDecimalLiteral

The MV of StrDecimalLiteral:: + StrUnsignedDecimalLiteral is the MV of
StrUnsignedDecimalLiteral

The MV of StrDecimallLiteral:: - StrUnsignedDecimalLiteralis the negtive of the MV of
StrUnsignedDecimalLiteral(Note that if the MV ofStrUnsignedDecimalLiterails 0, the negative of
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this MV is also 0. The rounding rule described below handles the conversion of this sign less

mathematical zero to a floatingoint +0 or —0 as appropriate.)

The MV of StrUnsignedDecimalLiteral: Infinity is 10t°°% (a value so large that it will round to

+00).

The MV of StrUnsignedDecimalLiteral: DecimalDigits is the MV of DecimalDigits

The MV of StrUnsignedDecimallLiteral: DecimalDigits. DecimalDigitsis the MV of the first

DecimalDigits plus (the MV of the secon@®ecimalDigitstimes 1G"), wheren is the number of

characters in the secortecimalDigits.

The MV of StrUnsignedDecimalLiterat DecimalDigits ExponentParts the MV of DecimalDigitstimes 16,
whereeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat DecimalDigits DecimalDigits ExponentPaiis (the MV of the first
DecimalDigitsplus (the MV of the seconBecimalDigitstimes 1G")) times 16, wheren is the number of
characters in the secof@cimalDigits andeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat . DecimalDigitsis‘the MV of DecimalDigitstimes 1G", wheren is
the number of characters ecimalDigits.

The MV of StrUnsignedDemallLiteral:::. DecimalDigits ExponentParis the MV of DecimalDigits times
10° ", wheren is the number of charactersbecimalDigits andeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat DecimalDigitsis the MV of DecimalDigits

The MV of StrUnsignedDecimalLiterat DecimalDigitsExponentParis the MV of DecimalDigitstimes 16,
whereeis the MV of ExponentPart

The MV of DecimalDigits::: DecimalDigitis the MV of DecimalDigit

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

The MV of ExponentPart::

The MV of Signedinteger::

The MV of Signedinteger::

The MV of Signedinteger::

Exponentindicator Signedintegerthe MV ofSignedinteger
DecimalDigitsis the MV ofDecimalDigits

+ DecimalDigitsis the MV ofDecimalDigits

- DecimalDigitsis the negative of the MV ddecimalDigits

The MV of DecimalDigit::: 0 or of HexDigit::: 0 isO.
The MV of DecimalDigit::: 1 or of HexDigit::: 1'is 1.
The MV of DecimalDigit::: 2 or of HexDigit::: 2 is 2.
The MV of DecimalDigit::: 3 or of HexDigit::: 3is 3.
The MV of DecimalDigit::: 4 or of HexDigit::: 4'is 4.
The MV of DecimalDigit::: 5 or of HexDigit:::. 5 is 5.
The MV of DecimalDigit::: 6 or of HexDigit::: 6 is 6.
The MV of DecimalDigit::: 7 or of HexDigit::: 7 is 7.
The MV of DecimalDigit::: 8 or of HexDigit::: 8 is 8.
The MV of DecimalDigit::: 9 or of HexDigit::: 9is 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 HexIntegerLiteral:: Ox HexDigitis the MV ofHexDigit

The MV of HexIntegerLiterat:: 0X HexDigitis the MV ofHexDigit

The MV of HexIntegerLiteral:: HexIntegerLiteraHexDigitis (the MV ofHexIntegerLiteratimes 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 white space character in

the string nuée whidh cdse theerouaded vialse i) Otherwise, the rounded value

must be the number value for the MV (in the sense defined in 8.5), unless the literal includes a

StrUnsignedDecimalLiteradand the literal has more than 20 significant digits, in which ¢hsenumber

value may be either the number value for the MV of a literal produced by replacing each significant digit
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