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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

ished by the respective organization to deal with particular fields of tec hnical activity. ISO and |E€

International Standards are drafted in accordance with the rules given in the ISO/IEC DirectivesyPart 2.

The mpin task of the joint tech nical committee is to prepare International Standards.“Braft International
Standdrds adopted by the joint technical committee are circulated to national bodies forwéting. Publication as
an Intefnational Standard requires approval by at least 75 % of the national bodies_casting a vote.

Attentign is drawn to the possibility that some of the elements of this documentimay be the subject of patent
rights. |SO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IELC 16262 was prepared by Ecma International (as ECMA-262) and was adopted, under a special “fast-
track procedure”, by Joint Technical Committee ISO/IEC JTC 1, Information technology, in parallel with its
approvpl by national bodies of ISO and IEC.

This th|rd edition cancels and replaces the second edition (ISO/IEC 16262:2002), which has been technically
revised.

viii © ISO/IEC 2011 — Al rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

Introduction

This International Standard is based on several originating technologies, the most well-known |being
JavaScript (Netscape) and JScript (Microsoft). The lang uage was invented by Bren dan\ Eich at
Netscape and firsta ppeared inthat company’s 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 Internation al Standard started in Nove mber 1996.-The first editi on gf this
International Standard was adopted by the Ecma General Assembly of June/1997.

That International Standard was submitted to IS O/IEC JTC 1 for.ad.option under the fastrack
procedure, and approved as ISO/IEC 16262, first edition, in April 1998,

The second edition of this International Standard introduced powerful regular expressions, better|string
handling, new control statements, try/catch exception handling), tighter definition of errors, formattin g
for numeric output and minor changes in anticipation of forthcoming internationalization facilities and
future language growth. The second edition of the'ECMAScript standard was publishgd as
ISO/IEC 16262 in June 2002.

Since publication of the second edition of ISO/E C 16262:2002, ECMAScript has achieved m3gssive
adoption in conjunction with the World Wide Web where it has become the programming language
that is supported by essentially all web browsers. Significant work was done to develop a third ddition
of ECMAScript. Although that wo rk was’ not completed and not publi shed as an ew editipn of
ECMAScript, itinforms continuin g-‘evolution of the language. The present third editipn of
ISO/IEC 16262 (published as ECMA=262 5th edition) codifies de facto interpretations of the | aniuage
specification that have become.common among browser implementations and adds support fof new
features that have emerged_ since the publication of the third edition. Such features include acgessor
properties, reflective cre ation and i nspection of objects, program control of prop erty attributes,
additional array manipulation functions, support for the JSON o bject encoding format, and a|strict
mode that provides enhanced error checking and program security.

ECMAScript is.awvibrant| anguage and the evolution of the lan guage is n ot complete. Signf|ficant
technical enhancement will continue with future editions of this International Standard.

© ISO/IEC 2011 — Al rights reserved ix
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INTERNATIONAL STANDARD ISO/IEC 16262:2011(E)

Information technology — Programming languages, their
environments and system software interfaces — ECMAScript
language specification

1| Scope

This International Standard defines the ECMAScript scripting language.

2| Conformance

A |conforming implementation of ECMAScript must provide and support ‘all” the types, values, objedts,
properties, functions, and program syntax and semantics described in this International Standard.

A ronforming implementation of this International Standard shall-interpret characters in conformance with
th¢ Unicode Standard, Version 3.0 or later, and ISO/IEC 10646 with either UCS-2 or UTF-16 as the
adppted encoding form, implementation level 3. If the adopted ISO/IEC 10646 subset is not otherw|se
spgcified, it is presumed to be the BMP subset, collection 300. If the adopted encoding form is ot
otherwise specified, it presumed to be the UTF-16 encoding form.

A |conforming implementation of ECMAScript ispermitted to provide additional types, values, objeqts,
properties, and functions beyond those described in this International Standard. In particular, a conforming
implementation of ECMAScript is permitted\to provide properties not described in this Internatiopal
Standard, and values for those properties, fof objects that are described in this International Standard.

A ¢onforming implementation of ECMAScript is permitted to support program and regular expression synfax
nof described in this International.Standard. In particular, a conforming implementation of ECMAScrip{ is
permitted to support program_syntax that makes use of the “future reserved words” listed in 7.6.1.2 of this
International Standard.

3| Normativereferences

The following\referenced documents are indispensable for the application of this document. For dafed
references,~only the edition cited applies. For undated references, the latest edition of the referended
document<(including any amendments) applies.

IS

4 Overview
This clause contains a non-normative overview of the ECMAScript language.
ECMAScript is an object-oriented programming language for performing computations and manipulating

computational objects within a host environment. ECMAScript as defined here is not intended to be
computationally self-sufficient; indeed, there are no provisions in this specification for input of external data or
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output of computed results. Instead, it is expected that the computational environment of an ECMAScript
program will provide not only the objects and other facilities described in this specification but also certain
environment-specific host objects, whose description and behaviour are beyond the scope of this specification
except to indicate that they may provide certain properties that can be accessed and certain functions that can
be called from an ECMAScript program.

A scripting language is a programming language that is used to manipulate, customise, and automate the
facilities of an existing system. In such systems, useful functionality is already available through a user
interface, and the scripting language is a mechanism for exposing that functionality to program control. In this
way, tH L > - . : . Hities—vi

capabilities of the scripting language. A scripting language is intended for use by both professional and non-
profesgional programmers.

ECMAScript was originally designed to be a web scripting language, providing a mechanism to enliven web
pages [in browsers and to perform server computation as part of a web-based client-server‘architecture.
ECMAScript can provide core scripting capabilities for a variety of host environments, and therefore the core
scripting language is specified in this document apart from any particular host environment;

Some ¢f the facilities of ECMAScript are similar to those used in other programming.languages; in particular
Java™|] Self, and Scheme as described in:

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

Ungar,|David, and Smith, Randall B. Self: The Power of Simplicity. . O@PSLA '87 Conference Proceedings,
pp. 227-241, Orlando, FL, October 1987.

IEEE Standard for the Scheme Programming Language. IEEEStd 1178-1990.

41 Web Scripting

A web |browser provides an ECMAScript host environment for client-side computation including, for instance,
objectq that represent windows, menus, pop-ups;-dialog boxes, text areas, anchors, frames, history, cookies,
and ingut/output. Further, the host environment-provides a means to attach scripting code to events such as
changg of focus, page and image loading, unloading, error and abort, selection, form submission, and mouse
actiond. Scripting code appears within ¢he-HTML and the displayed page is a combination of user interface
elemerjts 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 provides a different host environment for server-side computation including objects representing
reques}s, clients, and files;"and mechanisms to lock and share data. By using browser-side and server-side
scripting together, it is-possible to distribute computation between the client and server while providing a
custonlised user interface for a web-based application.

Each web browser)and server that supports ECMAScript supplies its own host environment, completing the
ECMAS$cript execution environment.

4.2 llanguage Overview

The following is an informal overview of ECMAScript—not all parts of the language are de scribed. This
overview is not part of the standard proper.

ECMAScript is object-based: basic language and host facilities are provided by objects, and an ECMAScript
program is a cluster of communicating objects. An ECMAScript object is a collection of properties, each with
zero or more attributes that determine how each property can be used—for example, when the Writable
attribute for a property is set to false, any attempt by executed ECMAScript code to change the value of the
property fails. Properties are containers that hold other objects, primitive values, or functions. A primitive
value is a member of one of the following built-in types: Undefined, Null, Boolean, Number, and String; an
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object is a member of the remaining built-in type Object; and a function is a callable object. A function that is

associated with an object via a property is a method.

ECMAScript defines a collection of built-in objects that round out the definition of ECMAScript entities.

built-in objects include the global object, the Object object, the Function object, the Array object, the

These
String

object, the Boolean object, the Number object, the Math object, the Date object, the RegExp object, the
JSON object, and the Error objects Error, EvalError, RangeError, ReferenceError, SyntaxError,

TypeError and URIError.

binary bitwise operators, binary logical operators, assignment operators, and the comma operatof.

ECMAScript syntax intentionally resembles Java syntax. ECMAScript syntax is relaxed to enable it to s
an easy-to-use scripting language. For example, a variable is not required to have its type declared
types associated with properties, and defined functions are not required to have their’/declarations
textually before calls to them.

4.21 Objects

ECMAScript does not use classes such as those in C++, Smalltalk, or Java: Instead objects may be cre
various ways including via a literal notation or via constructors which-create objects and then execut
that initialises all or part of them by assigning initial values to their properties. Each constructor is a fi
that has a property named “prototype” that is used to impleméntvprototype-based inheritance and
properties. Objects are created byu sing constructorts, in new expressions; for example
Date(2009,11) creates a new Date object. Invoking a constructor without using new has consequeng
depend on the constructor. For example, Date() produces a string representation of the current dg
time rather than an object.

Every object created by a constructor has an implicit reference (called the object’s prototype) to the V
its constructor’s “prototype” property. Furthermore, a prototype may have a non-null implicit refereng
prototype, and so on; this is called the protetype chain. When a reference is made to a property in an
that reference is to the property of that name in the first object in the prototype chain that contains a p

Brve as
hor are
appear

ated in
e code
Linction
shared
, new
es that
te and

alue of
e to its
object,
roperty

of that name. In other words, first the object mentioned directly is examined for such a property; if thaj object
contains the named property, that,is~the property to which the reference refers; if that object does not fontain
the named property, the prototype for that object is examined next; and so on.
A b ———— >
T CF implicit prototype link
profotype | CFp ...
PL ici
P2 CEP1 explicit prototype property
L
......... cf1 Cf2 Cf3 Cf4 avanad Cf5 pread
ql ql ql ql ql
g2 g2 q2 g2 q2
Figure 1 — Object/Prototype Relationships
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In a class-based object-oriented language, in general, state is carried by instances, methods are carried by
classes, and inheritance is only of structure and behaviour. In ECMAScript, the state and methods are carried

by obje

cts, and structure, behaviour and state are all inherited.

All objects that do not directly contain a particular property that their prototype contains share that property

and its

value. Figure 1 illustrates this.

CF is a constructor (and also an object). Five objects have been created by using new expressions: cf;, cf,,
cfs, cfs, and cfs. Each of these objects contains properties named q1 and g2. The dashed lines represent the

implicit
itself, n
is shar
chain t|

Unlike
them. T
propert
assigni

4.2.2

The E
their us

what th
choosi

prototype relationship; so, for example, cfs’s prototype is CF,. The constructor, CF, has two properties

lamed P1 and P2, which are not visible to CF,, cfy, cf,, cf;, cfs, or cfs. The property named CFP1 in CF,
ed by cfy, cf;, cfs, cfy, and cfs (but not by CF), as are any properties found in CFy’s implicit pretotype
hat are not named g1, g2, or CFP1. Notice that there is no implicit prototype link between CF and 'CF,.

class-based object languages, properties can be added to objects dynamically by assigning values to
[hat is, constructors are not required to name or assign values to all or any of the constructed object’s
ies. In the above diagram, one could add a new shared property for cfy, cf,, cfy cfs, and cfs by
ng a new value to the property in CF,.

The Strict Variant of ECMAScript

CMAScript Language recognises the possibility that some users of4he“language may wish to restrict

age of some features available in the language. They might do s¢ in*the interests of security, to avoid
ey consider to be error-prone features, to get enhanced error‘¢hecking, or for other reasons of their
g. In support of this possibility, ECMAScript defines a strict ¥ariant of the language. The strict variant

of the Ianguage excludes some specific syntactic and semantic featdres of the regular ECMAScript language
and mpdifies the detailed semantics of some features. The(strict variant also specifies additional error

conditi
the nor

The st

individ
mode

modify
comple
units. |
code u

In ordé
unrestr

specifi
code u

43 1

For the

ns that must be reported by throwing error exceptions.in situations that are not specified as errors by
-strict form of the language.

ict variant of ECMAScript is commonly referred to as the strict mode of the language. Strict mode

al ECMAScript code units. Because strictimode is selected at the level of a syntactic code unit, strict
nly imposes restrictions that have local effect within such a code unit. Strict mode does not restrict or
any aspect of the ECMAScript semantics that must operate consistently across multiple code units. A
te ECMAScript program may betcomposed for both strict mode and non-strict mode ECMAScript code
n this case, strict mode only applies when actually executing code that is defined within a strict mode
nit.

selectiIn and use of the strict mode syntax and semantics of ECMAScript is explicitly made at the level of

br to conform to this-specification, an ECMAS cript implementation must implement both the f ull
cted ECMAScript langtage and the strict mode variant of the ECMAScript language as defined by this
ation. In additian;yah implementation must support the combination of unrestricted and strict mode
hits into a single-composite program.

[erms and’definitions

purpeses of this document, the following terms and definitions apply.

4.31
type

set of data values as defined in Clause 8 of this specification

4.3.2

primitive value
member of one of the types Undefined, Null, Boolean, Number, or String as defined in Clause 8

NOTE

A primitive value is a datum that is represented directly at the lowest level of the language implementation.
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4.3.3
object
member of the type Object

NOTE An object is a collection of properties and has a single prototype object. The prototype may be the null
434

constructor
function object that creates and initialises objects

value.

NOTE The value of a constructor’'s “prototype” property is a prototype object that is used to implement inh
and shared properties.

4.3.5
prototype
object that provides shared properties for other objects

NOTE When a constructor creates an object, that object implicitly references the construetor’s “prototype”
for the purpose of resolving property references. The constructor's “prototype” propefrty can be referenced
program expression constructor.prototype, and properties added to an object’s prototype are shared,

Eritance

broperty
by the
through

inheritance, by all objects sharing the prototype. Alternatively, a new object may-bé created with an explicitly gpecified

prototype by using the Object. create built-in function.

4.3.6

native object

object in an ECMAScript implementation whose semantics are.fully defined by this specification rather
the host environment

NOTE Standard native objects are defined in this specification. Some native objects are built-in; others
constructed during the course of execution of an ECMASetipt program.

4.3.7

built-in object

object supplied by an ECMAScript implementation, independent of the host environment, that is presen
start of the execution of an ECMAScript.program

NOTE Standard built-in objects_are defined in this specification, and an ECMAScript implementation may spe
define others. Every built-in objectis\a native object. A built-in constructor is a built-in object that is also a construct

4.3.8
host object
object supplied by the_host environment to complete the execution environment of ECMAScript

NOTE Any-object that is not native is a host object.

4.3.9
undefined value
primitive value used when a variable has not been assigned a value

han by

may be

t at the

cify and
or.

4-2. 10

oo

Undefined type
type whose sole value is the undefined value

4.3.11
null value
primitive value that represents the intentional absence of any object value

4.3.12

Null type
type whose sole value is the null value

© ISO/IEC 2011 — Al rights reserved
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4.3.13
Boolean value
member of the Boolean type

NOTE There are only two Boolean values, true and false.
4.3.14

Boolean type
type consisting of the primitive values true and false

4.3.15
Booledn object
member of the Object type that is an instance of the standard built-in Boolean constructor

NOTE A Boolean object is created by using the Boolean constructor in a new expression, supplying“a Boolean
value a$ an argument. The resulting object has an internal property whose value is the Boolean value pA\Boolean object
can be goerced to a Boolean value.

4.3.16
String [value
primitie value that is a finite ordered sequence of zero or more 16-bit unsigned infeégers

NOTE A String value is a member of the String type. Each integer value in the’sequence usually represents a single
16-bit upit of UTF-16 text. However, ECMAScript does not place any restrictions grrequirements on the values except that
they myst be 16-bit unsigned integers.

4.3.17
String ftype
set of gll possible String values

4.3.18
String [object
member of the Object type that is an instance of the 'standard built-in String constructor

NOTE A String object is created by using the.String constructor in a new expression, supplying a String value as
an argument. The resulting object has an internal.property whose value is the String value. A String object can be coerced
to a Stripg value by calling the String constructor as a function (15.5.1).

4.3.19
Number value
primitie value corresponding-te.a double-precision 64-bit binary format IEEE 754 value

NOTE A Number value,is‘a member of the Number type and is a direct representation of a number.
4.3.20
Numbér type

set of pll posSible Number values including the special “Not-a-Number” (NaN) values, positive infinity, and
negatie infinity

4.3.21
Number object
member of the Object type that is an instance of the standard built-in Number constructor

NOTE A Number object is created by using the Number constructor in a new expression, supplying a Number value
as an argument. The resulting object has an internal property whose value is the Number value. A Number object can be
coerced to a Number value by calling the Number constructor as a function (15.7.1).

4.3.22

Infinity
number value that is the positive infinite Number value

6 © ISO/IEC 2011 — Al rights reserved
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4.3.23
NaN
number value that is an IEEE 754 “Not-a-Number” value

4.3.24
function

member of the Object type that is an instance of the standard built-in Function constructor and that may be

invoked as a subroutine

NOTE Th_addiion 1o 1ts na med propertes, afunciion contams executable code and state that determing how it
behaves when invoked. A function’s code may or may not be written in ECMAScript.

4.3.25

built-in function

built-in object that is a function

NOTE Examples of bui It-in functions include parselnt and Math.exp. Animplementation may |provide
implementation-dependent built-in functions that are not described in this specification.

4.3.26

property

association between a name and a value that is a part of an object

NOTE Depending upon the form of the property, the value may He\represented either directly as a data value (a
primitive value, an object, or a function object) or indirectly by a pair of@cceéssor functions.

4.3.27

method

function that is the value of a property

NOTE When a function is called as a method ofanlobject, the object is passed to the function as its this valug.
4.3.28

built-in method

method that is a built-in function

NOTE Standard built-in methods are defined in this specification, and an ECMAScript implementation may| specify
and provide other additional built-iA:methods.

4.3.29

attribute

internal value that defines some characteristic of a property

4.3.30

own property.

property.that is directly contained by its object

4.3:31

inherited property

propetty of armobject that s Tot—armowmn property butis—a property (eitherowmmor-inherited)of theobject’s
prototype

© ISO/IEC 2011 — All rights reserved 7
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5 Notational Conventions

5.1 Syntactic and Lexical Grammars

5.1.1 Context-Free Grammars

A context-free grammar consists of a number of productions. Each production has an abstract symbol called a
nonterminal as its left-hand side, and a sequence of zero or more nonterminal and terminal symbols as its

right-hInd Side. For each grammar, the terminal Ssymbols are drawn from a specified alphabet.

Starting from a sentence consisting of a single distinguished nonterminal, called the goal symbol, a ‘given
contex{-free grammar specifies a language, namely, the (perhaps infinite) set of possible sequences of
termingl symbols that can result from repeatedly replacing any nonterminal in the sequence with a-right-hand
side of|a production for which the nonterminal is the left-hand side.

5.1.2 | The Lexical and RegExp Grammars

A lexicpal grammar for ECMAScript is given in clause 7. This grammar has as its tefminal symbols characters
(Unicogle code units) that conform to the rules for SourceCharacter defined in Cldause 6. It defines a set of
productions, starting from the goal symbol InputElementDiv or InputElementRegExp, that describe how
sequerjces of such characters are translated into a sequence of input elements:

Input elements other than white space and comments form the terminal symbols for the syntactic grammar for
ECMAScript and are called ECMAScript tokens. These tokens are the.reserved words, identifiers, literals, and
punctugtors of the ECMAScript language. Moreover, line terminators, although not considered to be tokens,
also bgcome part of the stream of input elements and guide the process of automatic semicolon insertion (7.9),
Simple| white space and single-line comments are discarded” and do not appearint he stream of input
elemerjts for the syntactic grammar. A MultiLineComment (that is, a comment of the form “/*...*/” regardless
of whether it spans more than one line) is likewise simply discarded if it contains no line terminator; but if a
MultiLineComment contains one or more line terminators, then it is replaced by a single line terminator, which
becomes part of the stream of input elements for the syntactic grammar.

A RegExp grammar for ECMAScript is giveniin 15.10. This grammar also has as its terminal symbols the
characjers as defined by SourceCharacter. It\defines a set of productions, starting from the goal symbol Pattern,
that depcribe how sequences of characters-are translated into regular expression patterns.

Produgtions of the lexical and RegExp grammars are distinguished by having two colons “::” as separating
punctugtion. The lexical and RegEXp grammars share some productions.

5.1.3 | The Numeric String Grammar

Another grammar is-Used for translating Strings into numeric values. This grammar is similar to the part of the
lexical [grammar{having to do with numeric literals and has as its terminal symbols SourceCharacter. This
grammir appearsin 9.3.1.

Produgtions ‘of the numeric string grammar are distinguished by having three colons “:::” as punctuation.

5.1.4 The Syntactic Grammar

The syntactic grammar for 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 of productions, starting
from the goal s ymbol Program, that describe how sequences of tokens can form syntactically correct
ECMAScript programs.

When a stream of characters is to be parsed as an ECMAScript program, it is first converted to a stream of

input elements by repeated application of the lexical grammar; this stream of input elements is then parsed by
a single application of the syntactic grammar. The program is syntactically in error if the tokens in the stream
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of input elements cannot be parsed as a single instance of the goal nonterminal Program, with no tokens left
over.

“en

Productions of the syntactic grammar are distinguished by having just one colon “:” as punctuation.

The syntactic grammar as presented in clauses 11, 12, 13 and 14 is actually not a complete account of which
token sequences are accepted as correct ECMAScript programs. Certain additional token sequences are also
accepted, namely, those that would be described by the grammar if only semicolons were added to the
sequence in certain places (such as before line terminator characters). Furthermore, certain token sequences

thatare described by the grammar are not considered acceptabie If a terminator character appears injcertain
“awkward” places.

5.1.5 The JSON Grammar

The JSON grammar is used to translate a String describing a set of ECMAScript objects“into actual ¢bjects.
The JSON grammar is given in 15.12.1.

The JSON grammar consists of the JSON lexical grammar and the JSON syntactic grammar. Thel JSON
lexical grammar is used to translate character sequences into tokens and is similar to parts of the ECMAScript
lexical grammar. The JSON syntactic grammar describes how sequences”of tokens from the JSON| lexical
grammar can form syntactically correct JSON object descriptions.
Productions of the JSON lexical grammar are distinguished by. having two colons “::” as separating
punctuation. The JSON lexical grammar uses some productions from the ECMAScript lexical grammar. The
JSON syntactic grammar is similar to parts of the ECMAScript syntactic grammar. Productions of thd JSON

Y

syntactic grammar are distinguished by using one colon “:“as*separating punctuation.

5.1.6 Grammar Notation

Terminal symbols of the lexical, RegExp, and numeric string grammars, and some of the terminal synmbols of
the other grammars, are shown in fixedywidth font, both in the productions oft he grammars and
throughout this specification whenever the text directly refers to such a terminal symbol. These are to fappear
in a program exactly as written. All terminal symbol characters specified in this way are to be undersfood as
the appropriate Unicode character from the ASCII range, as opposed to any similar-looking charactefs from
other Unicode ranges.

Nonterminal symbols are shown in italic type. The definition of a nonterminal is introduced by the nam¢ of the
nonterminal being defined\followed by one or more colons. (The number of colons indicates to which gfammar
the production belonds.) ‘One or mo re alternative right-hand sides for the nonterminal then follow on
succeeding lines. For@&xample, the syntactic definition:

WhileStatement :
while ( Expression ) Statement

states that’the nonterminal WhileStatement represents the token while, followed by a left parenthesiq token,
followed by an Expression, followed by a right parenthesis token, followed by a Statement. The occurrepces of
Expression and Statement are themselves nonterminals. As another example, the syntactic definition:

ArgumentList :
AssignmentExpression
ArgumentList , AssignmentExpression

states that an ArgumentList may represent either a single AssignmentExpression or an ArgumentList, followed by
a comma, followed by an AssignmentExpression. This definition of ArgumentList is recursive, that is, it is defined
in terms of itself. The result is that an ArgumentList may contain any positive number of arguments, separated
by commas, where each argument expression is an AssignmentExpression. Such recursive definitions of
nonterminals are common.

© ISO/IEC 2011 — Al rights reserved 9
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The subscripted suffix “,°, which may appear after a terminal or nonterminal, indicates an optional symbol.
The alternative containing the optional symbol actually specifies two right-hand sides, one that omits the
optional element and one that includes it. This means that:

VariableDeclaration :
Identifier Initialiserqy,

is a convenient abbreviation for:

arfapteDectaration .
Identifier
Identifier Initialiser

and that:

IterationStatement :
Tor ( ExpressionNolngy ; Expressiong, ; EXxpressiong, ) Statement

isa cor]vvenient abbreviation for:
t

erationStatement :
Tor ( ; Expressiong ; EXxpressiong, ) Statement
for ( ExpressionNoln ; Expressione,: ; Expressiong, ) Statement

which ih turn is an abbreviation for:

lterationStatement :

for ( ; ; Expression, ) Statement

for ( ; Expression ; Expressiong) Statement

for ( ExpressionNoln ; ; Expressiongy ) cStatement

Tor ( ExpressionNoln ; Expression ; EXpressiong) Statement

which ip turn is an abbreviation for:

IterationStatement :
for ( ; ; ) Statement

for ( ; ; Expression. 9-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 honterminallterationStatement actually has eight alternative right-hand sides.

When fhe‘words “one of” follow the colon(s) in a grammar definition, they signify that each of the terminal
symbols~on the following line orlin es is an alternative definition. For example, the lexical grammar for

ECMAScript contains the production:

NonZeroDigit :: one of
1 2 3 45 6 7 8 9

which is merely a convenient abbreviation for:
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NonZeroDigit ::

poOoO~NO O WNBE

If the phrase “lempty]” appears as the right-hand side of a production, it indicates that the production’
hand side contains no terminals or nonterminals.

If the phrase “[lookahead ¢ set]” appears in the right-hand side of a production, it indicates)that the pro
may not be used if the immediately following input token is a member of the given set.\The set can be
as a list of terminals enclosed in curly braces. For convenience, the set can also be written as a nontg
in which case it represents the set of all terminals to which that nonterminal could expand. For examplg
the definitions

DecimalDigit :: one of
0 1 2 3 45 6 7 8 9

DecimalDigits ::
DecimalDigit
DecimalDigits DecimalDigit

the definition
LookaheadExample ::

N [lookahead ¢ {1, 3, 5, 7, 9}] DecimalDigits
DecimalDigit [lookahead ¢ DecimalDigit{

5 right-

Huction
written
rminal,
, given

matches either the letter n followed by one or more decimal digits the first of which is even, or a decinjal digit

not followed by another decimal digit-

If the phrase “Ino LineTerminator hefe]” appears in the right-hand side of a production of the syntactic grampmar, it

indicates that the productiop-isa restricted production: it may not be u sed if a LineTerminator occurs
input stream at the indicated,position. For example, the production:

ThrowStatement:
throw \[fo LineTerminator here] EXpression ;

indicates thatthe” production may not be used if a LineTerminator occurs in the program between the
token and-the Expression.

Unless.the presence of a LineTerminator is forbidden by a restricted production, any number of occurre
LineTerminator may appear between any two consecutive tokens in the stream of inp ut elements

in the

throw

hces of
without

affecting the syntactic acceptability of the program.

When an 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 right-hand side of a production may specify that certain expansions are not permitted by using the
“‘but not” and then indicating the expansions to be excluded. For example, the production:

Identifier ::
IdentifierName but not ReservedWord

© ISO/IEC 2011 — Al rights reserved
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means that the nonterminal Identifier may be replaced by any sequence of characters that could replace
IdentifierName provided that the same sequence of characters could not replace ReservedWord.

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

SourceCharacter ::
any Unicode code unit

5.2 Algorithm Conventions

The specification often uses a numbered list to specify steps in an algorithm. These algorithms are used to
precisgly specify the required semantics of ECMAScript language constructs. The algorithms are notihtended
to imply the use of any specific implementation technique. In practice, there may be more efficientcalgorithms
availabjle to implement a given feature.

In order to facilitate their use in multiple parts of this specification, some algorithms, called @bstract operations,
are nafned and written in parameterised functional form so that they may be referenceddy name from within
other aJgorithms.

When &n algorithm is to produce a value as a result, the directive “return x” is used\to indicate that the result of
the algorithm is the value of x and that the algorithm should terminate. The)notation Result(n) is used as
shorthgnd for “the result of step n”.

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

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

i Subsubstep.

ii. Subsubstep.

1. Subsubsubstep
a  Subsubsubsubstep

A step|or substep may be written, as_an “if” predicate that conditions its substeps. In this case, the substeps
are onlly applied if the predicate is\true. If a step or substep begins with the word “else”, it is a predicate that is
the negation of the preceding.‘if’ jpredicate step at the same level.

A step may specify the jterative application of its substeps.

A step may ass erfyan in variant condition of its a Igorithm. Such assertions are used to make explicit
algoritjmic invatiants that would otherwise be implicit. Such assertions add no additional semantic
requiregments and hence need not be checked by an implementation. They are used simply to clarify
algoritims,

Mathemeatieal-operations-such-as-additton—subtractionregation—multiplicationdivisionand-the-meathematicat
functions defined later in this clause should always be understood as computing exact mathematical results
on mathematical real numbers, which do not include infinities and do not include a negative zero that is
distinguished from positive zero. Algorithms in this standard that model floating-point arithmetic include explicit
steps, where necessary, to handle infinities and signed zero and to pe rform rounding. If a mathematical
operation or function is applied to a floating-point number, it should be understood as being applied to the
exact mathematical value represented by that floating-point number; such a floating-point number must be
finite, and if it is +0 or —0 then the corresponding mathematical value is simply 0.

The mathematical function abs(x) yields the absolute value of x, which is —x if x is negative (less than zero) and
otherwise is x itself.
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The mathematical function sign(x) yields 1 if x is positive and -1 if x is negative. The sign function is not used in
this standard for cases when x is zero.

The notation “x modulo y” (y must be finite and nonzero) computes a value k of the same sign as y (or zero)
such that abs(k) < abs(y) and x-k = q x y for some integer qg.

The mathematical function floor(x) yields the largest integer (closest to positive infinity) that is not larger than x.

NOTE floor(x) = x—(x modulo 1).

If an algorithm is defined to “throw an exception”, execution of the algorithm is terminated and no result is
returned. The calling algorithms are also terminated, until an algorithm st ep is reached that explicitly deals
with the exception, using terminology such as “If an exception was thrown...”. Once such an algorithm step
has been encountered the exception is no longer considered to have occurred.

6 Source Text

ECMAScript source textis represented as a sequence of characters in the ‘Unicode character enfoding,
version 3.0 orlater. Thetextis expected to have been normalised.te’)Unicode Normalization Horm C
(canonical composition), as described in Unicode Technical Report #15. Conforming ECMAScript
implementations are not required to per form any normalisation of text, or behave as though they were
performing normalisation of text, themselves. ECMAScript source-{éxt is assumed to be a sequence df 16-bit
code units for the purposes of this specification. Such a source text may include sequences of 16-Hit code
units that are not valid UTF-16 character encodings. If an actual source text is encoded in a form other than
16-bit code units it must be processed as if it was first converted to UTF-16.

Syntax

SourceCharacter ::
any Unicode code unit

Throughout the rest of this document, the phrase “code unit” and the word “character” will be used to refer to a
16-bit unsigned value used to represefba single 16-bit unit of text. Th e phrase “Unicode character”|will be
used to refer to the abstract linguistic or typographical unit represented by a s ingle Unicode scalaf value
(which may be longer than 16 bits and thus may be represented by more than one code unit). The [phrase
“code point” refers to such a Wnicode scalar value. “Unicode character” only refers to entities represepted by
single Unicode scalar values: the components of a combining character sequence are still individual “Unicode
characters,” even though a_user might think of the whole sequence as a single character.

In string literals, regular expression literals, and identifiers, any character (code unit) may also be exgressed
as a Unicode escape sequence consisting of six characters, namely \u plus four hexadecimal digits. Within a
comment, such an escape sequence is effectively ignored as part of the comment. Within a string liferal or
regular expression literal, the Unicode escape sequence contributes one character to the value of thq literal.
Within an’identifier, the escape sequence contributes one character to the identifier.

NOTE Although this document sometimes refers to a “transformation” between a “character” within a “string”fand the
16-bit unsigned integer that is the code unit of that character, there is actually no transformation because a “character”
within a “string” is actually represented using that 16-bit unsigned value.

ECMAScript differs from the Java programming language in the behaviour of Unicode escape sequences. In a
Java program, if the Unicode escape sequence \uOOOA, for example, occurs within a single-line comment, it
is interpreted as a line terminator (Unicode character 000A is line feed) and therefore the next character is not
part of the comment. Similarly, if the Unicode escape sequence \uOOOA occurs within a string literal in a Java
program, it is lik ewise interpreted as a line ter minator, which is not allowed within a string literal—one must
write \n instead of \UOOOA to cause aline 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, a Unicode escape sequence occurring
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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.

7 Lexical Conventions

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

There fre two goal symbols for the lexical grammar. The InputElementDiv symbol is used in those syntactic
grammpr contexts where a le ading division (/) or division-assignment (/=) operator is permitted.\The
InputElementRegExp symbol is used in other syntactic grammar contexts.

NOTE There are no syntactic grammar contexts where both a leading division or division-assignment; and a leading
RegularkxpressionLiteral are permitted. This is not affected by semicolon insertion (see 7.9); in examplés such as the
following:

a=»>b
/hi/g.exec(c).map(d);

where the first non-whitespace, non-comment character after a LineTerminator is slash (/).and the syntactic context allows
division|or division-assignment, no semicolon is inserted at the LineTerminator. That,is, the above example is interpreted in
the same way as:

a=>b / hi / g.exec(c).map(d);

Syntax

InputElgmentDiv ::
WhiteSpace
LineTerminator
Comment
Token
DivPunctuator

InputElementRegExp ::
hiteSpace
ineTerminator
omment
oken
egularExpressionLiteral

71 nicode Format-Control Characters

The Uhicode format-control characters (i.e., the characters in category “Cf’ in the Unicode Character
Databgse suth-as LEFT-TO-RIGHT MARK or RIGHT-TO-LEFT MARK) are control codes used to control the formatting
of a rapge’of. text in the absence of higher-level protocols for this (such as mark-up languages).

It is useful to allow format-control characters in source text to facilitate editing and display. All format control
characters may be used within comments, and within string literals and regular expression literals.

<ZWNJ> and <ZWJ> are format-control characters that are used to make necessary distinctions when forming
words or phrases in certain languages. In ECMAScript source text, <ZWNJ> and <ZWJ> may also be used in
an identifier after the first character.

<BOM> is a format-control character used primarily at the start of a text to mark it as Unicode and to allow
detection of the text's encoding and byte order. <BOM> characters intended for this purpose can sometimes
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also appear after the start of a text, for example as a result of concatenating files. <BOM> characters are
treated as white space characters (see 7.2).

The special treatment of certain format-control characters outside of comments, string literals, and regular
expression literals is summarised in Table 1.

Table 1 — Format-Control Character Usage

Code Unit Value Name Formal Name Usage
\uZ0ouT Zero width non-joiner <ZWNJ> [dentifierPart
\u200D Zero width joiner <ZWJ> IdentifierPart
\UFEFF Byte Order Mark <BOM> Whitespace

7.2 White Space

White space characters are used to improve source text readability and to separate tokens (indivisibld lexical
units) from each other, but are otherwise insignificant. White space characters¢may occur between gny two
tokens and at the start or end of input. White space characters may also_oceuf within a StringLiteral or a
RegularExpressionLiteral (where they are considered significant characters forming part of the literal value) or
within a Comment, but cannot appear within any other kind of token.

The ECMAScript white space characters are listed in Table 2.

Table 2 — Whitespace Characters

Code Unit Value Name O Formal Name
\u0009 Tab <TAB>
\u000B Verticak-Tab <VT>
\u000C Form Feed <FF>
\u0020 Space <SP>
\uO0O0AO No-break space <NBSP>
\uFEFF Byte Order Mark <BOM>
Other category *Zs” Any other Unicode <USP>
“space separator”

ECMAScript implementations-must recognise all of the white space characters defined in Unicode 3.Q. Later
editions of the Unicode-Standard may define other white space characters. ECMAScript implementatiops may
recognise white space-characters from later editions of the Unicode Standard.

Syntax

WhiteSpace §:
<TAB>
V1>
<FF>
<SP>

<NBSP>
<BOM>
<USP>

7.3 Line Terminators

Like white space characters, line terminator characters are used to improve source text readability and to
separate tokens (indivisible lexical units) from each other. However, unlike white space characters, line
terminators have some influence over the behaviour of the syntactic grammar. In general, line terminators
may occur between any two tokens, but there are a few places where they are forbidden by the syntactic
grammar. Line terminators also affect the process of automatic semicolon insertion (7.9). Aline terminator
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cannot

occur within any token except a StringLiteral. Line terminators may only occur within a StringLiteral

token as part of a LineContinuation.

A line terminator can occur within a MultiLineComment (7.4) but cannot occur within a SingleLineComment.

Line terminators are included in the set of white space characters that are matched by the \s class in regular
expressions.

The ECMAScript line terminator characters are listed in Table 3.

Only th
treated
aline t

Syntax

Table 3 — Line Terminator Characters

Code Unit Value Name Formal Name
\uOO0OA Line Feed <LF>
\u000D Carriage Return <CR>
\u2028 Line separator <LS>
\u2029 Paragraph separator <PS>

e characters in Table 3 are treated as line terminators. Other new line orliné breaking characters are
as white space but not as line terminators. The character sequence <CR><LF> is commonly used as
brminator. It should be considered a single character for the purpose,of reporting line numbers.

LineTerminator ::

4

4

4

4

LF>
FCR>
L.S>
FPS>

LineTenminatorSequence ::

74 (
Comm
Becaus

the ge
charac

fLF>
+CR> [lookahead ¢ <LF> ]
FLS>
PS>

KCR> <LF>

Lomments
bnts can be either single or multi-line. Multi-line comments cannot nest.
e a single-lin€_ comment can contain any character except a LineTerminator character, and because of

neral rule that-a token is always as long as possible, a single-line comment always consists of all
ers fromthe 7/ marker to the end of the line. However, the LineTerminator at the end of the line is not

becomgs part of the stream of input elements for the syntactic grammar. This point is very important, because

considEed te.b.e part of the single-line comment; itis recognised separately by the lexical grammar and

it implies~that the presence or absence of single-line comments does not affect the process of automatic

semicolon insertion (see 7.9).

Comments behave like white space and are dis carded except that, if a MultiLineComment contains a line
terminator character, then the entire comment is considered to be a LineTerminator for purposes of parsing by
the syntactic grammar.

Syntax

Comment ::
MultiLineComment
SingleLineComment

16
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MultiLineComment ::
/* MultiLineCommentCharsyp */

MultiLineCommentChars ::
MultiLineNotAsteriskChar MultiLineCommentCharsep
* PostAsteriskCommentChars,p

PostAsteriskCommentChars ::
MultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChars,

= POSIASIENISKLOMmentLnarsypt

MultiLineNotAsteriskChar ::
SourceCharacter but not *

MultiLineNotForwardSlashOrAsteriskChar ::
SourceCharacter but not one of / or *

SingleLineComment ::
/7 SingleLineCommentCharsop

SingleLineCommentChars ::
SingleLineCommentChar SingleLineCommentCharsgp

SingleLineCommentChar ::
SourceCharacter but not LineTerminator

7.5 Tokens

Syntax

Token ::
IdentifierName
Punctuator
NumericLiteral
StringLiteral

NOTE The DivPunctuator and ‘RegularExpressionLiteral productions define tokens, but are not included in tHe Token
production.

7.6 Identifier Names) and Identifiers

Identifier Names_are tokens that are interpreted according to the grammar given in the “Identifiers” segtion of
chapter 5 of the\Unicode standard, with some small modifications. An Identifier is an IdentifierName thdt is not
a ReservedWord (see 7.6.1). The Unicode identifier grammar is based on both no rmative and infofmative
charactercategories specified by the Unicode Standard. The characters in the specified categories in yersion
3.0 of«the'Unic ode standard must be treated as in those categories by all conforming ECMAScript
implementations.

This standard cpnr\ifine epnhifir\ character additions: The dollar eign ($) and-the underscore ( ) arep rmitted

anywhere in an IdentifierName.

Unicode escape sequences are also permitted in an IdentifierName, where they contribute a single character to
the IdentifierName, as computed by the CV of the UnicodeEscapeSequence (see 7.8.4). The \ preceding the
UnicodeEscapeSequence does not contribute a character to the IdentifierName. A UnicodeEscapeSequence cannot
be used to put a character into an IdentifierName that would otherwise be illegal. In other words, if a
\ UnicodeEscapeSequence sequence were replaced by its UnicodeEscapeSequence's CV, the result must still be
a valid IdentifierName that has the exact same sequence of characters as the original IdentifierName. All
interpretations of identifiers within this specification are based upon their actual characters regardless of
whether or not an escape sequence was used to contribute any particular characters.
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Two IdentifierName that are canonically equivalent according to the Unicode standard are not equal unless
they are represented by the exact same sequence of code units (in other words, conforming ECMAScript
implementations are only required to do bitwise comparison on IdentifierName values). The intent is that the
incoming source text has been converted to normalised form C before it reaches the compiler.

ECMAScript implementations may rec ognise identifier characters defined in later editions of the Unicode
Standard. If portability is a concern, programmers should only employ identifier characters defined in Unicode

3.0.

Syntax

Identifigr ::

dentifierName but not ReservedWord

IdentifigrName ::

dentifierStart
dentifierName IdentifierPart

IdentifigrStart ::

nicodeletter
b

1 UnicodeEscapeSequence

IdentifigrPart ::

Unicod

Unicod

Unicod

Unicod

dentifierStart
UnicodeCombiningMark
UnicodeDigit
nicodeConnectorPunctuation

FZWNJ>

£ZWJ>

pLetter ::
ny character in the Unicode categories “Uppercase letter (Lu)”, “Lowercase letter (LI)", “Titlecase letter
Lt)”, “Modifier letter (Lm)”, “Other letter (Lo)”, or “Letter number (NI)”.

bCombiningMark ::
any character in the Unicode categories “Non-spacing mark (Mn)” or “Combining spacing mark (Mc)”

Digit ::
any character in the Unicode category “Decimal number (Nd)”

bConnectorPunctuatign ::
any character jn,the Unicode category “Connector punctuation (Pc)”

The definitions of the nonterminal UnicodeEscapeSequence is given in 7.8.4

7.6.1

A rese

Reserved Words

rved word is an IdentifierName that cannot be used as an Identifier.

Syntax

ReservedWord ::

18

Keyword
FutureReservedWord
NullLiteral
BooleanLiteral
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7.6.1.1 Keywords

The following tokens are ECMAScript keywords and may not be used as Identifiers in ECMAScript programs.

Syntax

Keyword :: one of
break do instanceof typeof
case else new var
\.'Cltbh f;na::y IUtUIII VU;\.‘
continue for switch while
debugger function this with
default if throw
delete in try

7.6.1.2 Future Reserved Words

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

Syntax

FutureReservedWord :: one of
class enum extends super
const export import

The following tokens are also considered to be FutureReservedWords when they occur within strict mod

for the

e code

(see 10.1.1). The occurrence of any of th ese (fokens within strict mode code in any con text where the

occurrence of a FutureReservedWord would produce an error must also produce an equivalent error:

implements let private public yield
interface package protected static

7.7 Punctuators

Syntax
Punctuator :: one of
{ ¥ ( )) L 1
: . > <=
> == 1= === 1==
>h - * % ++ -
<< >> >>> & | n
! ~ && 11 ? :
= += -= *= %= <<=
>>= >>>= &= |: N=

DivPunctuator :: one of
/ /=
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7.8 Literals

Syntax

Literal ::
NullLiteral
BooleanLiteral
NumericLiteral
StringLiteral

0o L | - H Lt L
cyuwu I_I\}JI CoolUINTLITT Al
7.8.1 | Null Literals

Syntax

NullLitgral ::
null

Semarjtics

The value of the null literal nul 1 is the sole value of the Null type, namely null.

7.8.2 | Boolean Literals

Syntax

BoolearnLiteral ::
true
Ffalse

Semartics

The value of the Boolean literal true is a value of the'Boolean type, namely true.

The value of the Boolean literal false is a yalue of the Boolean type, namely false.

7.8.3 | Numeric Literals

Syntax

NumerigLiteral ::
DecimalLiteral
HexIntegerLiteral

DecimalLiteral ::

DecimalintegerLiteral . DecimalDigitsype ExponentPartqy
DecimalDigits ExponentPart,

DecimallntegerLiteral ExponentPartyp

DecimallntegerLiteral ::
0]

NonZeroDigit DecimalDigitsop
DecimalDigits ::

DecimalDigit

DecimalDigits DecimalDigit

DecimalDigit :: one of
0 1 2 3 45 6 7 8 9
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NonZeroDigit :: one of
1 2 3 45 6 7 8 9

ExponentPart ::
ExponentIndicator Signedinteger

Exponentindicator :: one of
e E

Sionn

v.y..»d...tw_‘,r:: —
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiteral ::
Ox HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit :: one of
01 2 3 45 6 7 8 9 ab cdwe f APB CDE F

The source character immediately following a NumericLiteral must not be an IdentifierStart or DecimalDidit.

NOTE For example:
3in
is an error and not the two input elements 3 and in.

Semantics

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

e  The MV of NumericLiteral :: DegimalLiteral is the MV of DecimalLiteral.

. The MV of NumericLiteral :; HexIntegerLiteral is the MV of HexIntegerLiteral.

e  The MV of DecimalLiteral&:+DecimallntegerLiteral . is the MV of DecimalintegerLiteral.

e  The MV of DecimalLjteral :: DecimallntegerLiteral . DecimalDigits is the MV of DecimallntegerLite
(the MV of DecimalBRigits times 10™), where n is the number of characters in DecimalDigits.

e  The MV of Decimaltiteral :: DecimallntegerLiteral . ExponentPart is the MV of DecimalintegerLiter3
10°, where ¢ is.thé MV of ExponentPart.

e The MV _<ofi DecimalLiteral :: DecimalintegerLiteral . DecimalDigits ExponentPart is (the
DecimalntegerLiteral plus (the MV of DecimalDigits times 10™)) times 10°, where n is the nun
characters in DecimalDigits and e is the MV of ExponentPart.

first, a
s5cribed

al plus
| times

MV of
hber of

. TheMV of DecimalLiteral ::. DecimalDigits is the MV of DecimalDigits times 10™", where n is the number of

characters in DecimalDigits.
o~ The MV of DecimalLiteral ::. DecimalDigits ExponentPart is the MV of DecimalDigits times 10°™", wh

Bre n is

—the mumber of characters i DetimatDigitsand e s the M of ExporemPart:

e  The MV of DecimalLiteral :: DecimallntegerLiteral is the MV of DecimalintegerLiteral.

. The MV of DecimalLiteral :: DecimalintegerLiteral ExponentPart is the MV of DecimalintegerLiteral times 10°,

where e is the MV of ExponentPart.
e  The MV of DecimallntegerLiteral :: O is O.
. The MV of DecimallintegerLiteral :: NonZeroDigit is the MV of NonZeroDigit.

. The MV of DecimalintegerLiteral :: NonZeroDigit DecimalDigits is (the MV of NonZeroDigit times 10") plus

the MV of DecimalDigits, where n is the number of characters in DecimalDigits.
. The MV of DecimalDigits :: DecimalDigit is the MV of DecimalDigit.
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The MV of DecimalDigits :: DecimalDigits DecimalDigit is (the MV of DecimalDigits times 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 Signedinteger is the MV of Signedinteger.
DecimalDigits is the MV of DecimalDigits.

+ DecimalDigits is the MV of DecimalDigits.

- DecimalDigits is the negative of the MV of DecimalDigits.

0 or of HexDigit :: O is 0.

e MV of HexIntegerLiteral :: Ox HexDigit is the MV of HexDigit.
e MV of HexIntegerLiteral :: OX HexDigit is the MV of HexDigit.
e MV of HexIntegerLiteral :: HexlIntegerLiteral HexDigit is (the MV of HexIntegerLiteral times 16) plus the

. The MV of DecimalDigit :: 1 or of NonZeroDigit :: 1 or of HexDigit :: 1 is 1.
e  The MV of DecimalDigit :: 2 or of NonZeroDigit :: 2 or of HexDigit :: 2 is 2.
e  The MV of DecimalDigit :: 3 or of NonZeroDigit :: 3 or of HexDigit :: 3 is 3.
e  The MV of DecimalDigit :: 4 or of NonZeroDigit :: 4 or of HexDigit :: 4 is 4.
e  The MV of DecimalDigit :: 5 or of NonZeroDigit :: 5 or of HexDigit :: 5 is 5.
e  The MV of DecimalDigit :: 6 or of NonZeroDigit :: 6 or of HexDigit :: 6 is 6.
e  The MV of DecimalDigit :: 7 or of NonZeroDigit :: 7 or of HexDigit :: 7 is 7.
e  The MV of DecimalDigit :: 8 or of NonZeroDigit :: 8 or of HexDigit :: 8 is 8.
. The MV of DecimalDigit :: 9 or of NonZeroDigit :: 9 or of HexDigit :: 9 is 9.
. The MV of HexDigit :: a or of HexDigit :: A is 10.
. The MV of HexDigit :: b or of HexDigit :: B is 11.
e  The MV of HexDigit :: c or of HexDigit :: Cis 12.
e  The MV of HexDigit :: d or of HexDigit :: D is 13.
e  The MV of HexDigit :: e or of HexDigit :: E is 14.
e  The MV of HexDigit :: ¥ or of HexDigit :: F is 15.

T

T

T

M

Once t

If the NIV is 0, then the rounded value is +0; otherwise, the rounded value must be the Number value for the

MV (as
in whic]
each s
replaci
signific

A confi
Numeri

7.8.4

A strin

of HexDigit.
ne exact MV for a numeric literal has been determined, it is then rounded to a value of the Number type,

specified in 8.5), unless the literal is-a\DecimalLiteral and the literal has more than 20 significant digits,
h case the Number value may be either the Number value for the MV of a literal produced by replacing
gnificant digit after the 20th with_a O digit or the Number value for the MV of a literal produced by
ng each significant digit after~the 20th with a O digit and then incrementing the literal at the 20th
ant digit position. A digit is Significant if it is not part of an ExponentPart and

s not O; or
ere is a nonzero digif\to’its left and there is a nonzero digit, not in the ExponentPart, to its right.

brming implendentation, when processing strict mode code (see 10.1.1), must not extend the syntax of
CLiteral to include OctalintegerLiteral as described in B.1.1.

String Literals

represented by an escape sequence. All characters may appear literally in a string literal except for the closing

quote character, backslash, carriage return, line separator, paragraph separator, and line feed. Any character
may appear in the form of an escape sequence.

Syntax

StringLiteral ::
** DoubleStringCharactersqy **
" SingleStringCharactersyy; ™

22

© ISO/IEC 2011 — Al rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

DoubleStringCharacters ::
DoubleStringCharacter DoubleStringCharactersg

SingleStringCharacters ::
SingleStringCharacter SingleStringCharactersgp

DoubleStringCharacter ::
SourceCharacter but not one of ** or \ or LineTerminator
\ EscapeSequence

CimeContinuation

SingleStringCharacter ::
SourceCharacter but not one of * or \ or LineTerminator
\ EscapeSequence
LineContinuation

LineContinuation ::
\ LineTerminatorSequence

EscapeSequence ::
CharacterEscapeSequence
O [lookahead ¢ DecimalDigit]
HexEscapeSequence
UnicodeEscapeSequence

CharacterEscapeSequence ::
SingleEscapeCharacter
NonEscapeCharacter

SingleEscapeCharacter :: one of
" "\ b f nr t v

NonEscapeCharacter ::
SourceCharacter but not one of EscapeCharacter or LineTerminator

EscapeCharacter ::
SingleEscapeCharacter
DecimalDigit
X
u

HexEscapeSequence-::
X HexDigit\HexDigit

UnicodeEscapeSequence ::
u-HexDigit HexDigit HexDigit HexDigit

The.definition of the nonterminal HexDigit is given in 7.8.3. SourceCharacter is defined in clause 6.

Semantics

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

e  The SV of StringLiteral :: "*" is the empty character sequence.
e  The SV of StringLiteral :: " is the empty character sequence.
e  The SV of StringLiteral :: ** DoubleStringCharacters ** is the SV of DoubleStringCharacters.
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e The SV of StringLiteral :: * SingleStringCharacters * is the SV of SingleStringCharacters.

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

e  The SV of DoubleStringCharacters :: DoubleStringCharacter DoubleStringCharacters is a sequence of the CV
of DoubleStringCharacter followed by all the characters in the SV of DoubleStringCharacters in order.

e The SV of SingleStringCharacters :: SingleStringCharacter is a s equence of one character, the CV of
SingleStringCharacter.

e The SV of SingleStringCharacters :: SingleStringCharacter SingleStringCharacters is a sequence of the CV

e The CV of DoubleStringCharacter :: \ EscapeSequence is the CV of the EscapeSequence.
e  The CV of DoubleStringCharacter :: LineContinuation is the empty character sequence.

e The CV of SingleStringCharacter :: SourceCharacter but not one of " or \ or LineTerminator is the
SdurceCharacter character itself.

e The CV of SingleStringCharacter :: \ EscapeSequence is the CV of the EscapeSequence.

e  The CV of SingleStringCharacter :: LineContinuation is the empty character sequence.

o The CV of EscapeSequence :: CharacterEscapeSequence is the CV of the CharacterEscapeSequence.

e The CV of EscapeSequence :: O [lookahead ¢ DecimalDigit] is @ <NUL> character (Unicode value 0000).

e The CV of EscapeSequence :: HexEscapeSequence is the CV of the HexEscapeSequence.

. The CV of EscapeSequence :: UnicodeEscapeSequence is the CV of th€UnicodeEscapeSequence.

e The CV of CharacterEscapeSequence :: SingleEscapeCharacter issthe character whose code unit value is

determined by the SingleEscapeCharacter according to Table &
Table 4 — String Single Character.Escape Sequences
Escape Sequence Code Unit Value ~~ Name Symbol
A
\b \u0008 backspace <BS>
\t \u0009 horizontal tab <HT>
\n \uOOOA line feed (new line) <LF>
\v \u000B vertical tab <VT>
\f \u000C form feed <FF>
\r \u000D carriage return <CR>
\" \u0022 double quote "
\\ \u0027 single quote )
\\ \u005C backslash \

e The CV of CharacterEscapeSequence :: NonEscapeCharacter is the CV of the NonEscapeCharacter.

. The CV_of:NonEscapeCharacter :: SourceCharacter but not one of EscapeCharacter or LineTerminator is the
SdurceCharacter character itself.

e  The-BV of HexEscapeSequence :: X HexDigit HexDigit is the character whose code unit value is (16 times
the IVof the Tirst HexDigit) pius the MV of the second HexDIgit.

e The CV of UnicodeEscapeSequence :: u HexDigit HexDigit HexDigit HexDigit is the character whose code
unit value is (4096 times the MV of the first HexDigit) plus (256 times the MV of the second HexDigit) plus
(16 times the MV of the third HexDigit) plus the MV of the fourth HexDigit.

A conforming implementation, when processing strict mode code (see 10.1.1), may not extend the syntax of
EscapeSequence to include OctalEscapeSequence as described in B.1.2.

NOTE A line terminator character cannot appear in a string literal, except as part of a LineContinuation to produce the
empty character sequence. The correct way to cause a line terminator character to be part of the String value of a string
literal is to use an escape sequence such as \n or \uOOOA.
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7.8.5 Regular Expression Literals

A regular expression literal is an input element that is converted to a RegExp object (see 15.10) each time the
literal is evaluated. Two 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 m
be created at runtime by new RegExp (see 15.10.4) or calling the RegExp constructor as a function (1

ay also
5.10.3).

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 literal. The Strin gs of ¢ haracters comprisi

ng the

RegularExpressionBody and the RegularkExpressionkFlags are passed uninterpreted to the regular exp
constructor, which interprets them according to its own, more stringent grammar. An imp lementatid
extend the regular expression constructor's grammar, but it must not extend the RegularExpressionBg
RegularExpressionFlags productions or the productions used by these productions.

Syntax

RegularExpressionLiteral ::
/ RegularExpressionBody / RegularExpressionFlags

RegularExpressionBody ::
RegularExpressionFirstChar RegularExpressionChars

RegularExpressionChars ::
[empty] ) )
RegularExpressionChars RegularExpressionChar

RegularExpressionFirstChar ::
RegularExpressionNonTerminator but not one of * or,\ or /7 or [
RegularExpressionBackslashSequence
RegularExpressionClass

RegularExpressionChar ::
RegularExpressionNonTerminator but not one of \ or / or [
RegularExpressionBackslashSequence
RegularExpressionClass

RegularExpressionBackslashSequence«:
\ RegularExpressionNonaTerminator

RegularExpressionNonTerminator ::
SourceCharacter but not LineTerminator

RegularExpressionClass ::
[ RegularExpressionClassChars ]

RegularExpressionClassChars ::
[empty] ) )
RegularExpressionClassChars RegularExpressionClassChar

Fession
n may
dy and

ypracciaonClaccChay ==
*PpF ot ote Hoth—

RegularExpressionNonTerminator but not one of ] or \
RegularExpressionBackslashSequence

RegularExpressionFlags ::
[empty] ) -
RegularExpressionFlags IdentifierPart

NOTE Regular expression literals may not be empty; instead of representing an empty regular expression literal, the

characters // start a single-line comment. To specify an empty regular expression, use: 7(?:)/.
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Semantics

A regular expression literal evaluates to a value of the Object type that is an instance of the standard built-in
constructor RegExp. This value is determined intw o steps: first, the characters comprising the regular
expression's RegularExpressionBody and RegularExpressionFlags production expansions are collected
uninterpreted into two Strings Pattern and Flags, respectively. Then each time the literal is evaluated, a new
object is created as if by the expression new RegExp(Pattern, Flags) where RegExp is the standard
built-in constructor with that name. The newly constructed object becomes the value of the
RegularExpressionLiteral. If the call to new RegExp would generate an error as specified in 15.10.4.1, the error
must betreated as an early error ((‘Ial 1Se 16)

7.9 Automatic Semicolon Insertion

Certaif ECMAScript statements (empty statement, variable statement, expression statement .do-while
statemgnt, continue statement, break statement, return statement, and throw statement) must be
termingted with semicolons. Such semicolons may always appear explicitly in the source text. For
converlience, however, such semicolons may be o mitted from the source text in certain situations. These
situatigns are described by s aying that semicolons are automatically inserted into the’ source code token
stream|in those situations.

7.9.1 | Rules of Automatic Semicolon Insertion
There are three basic rules of semicolon insertion:

is|not allowed by any production of the grammar, then a semieolon is automatically inserted before the

1. V\]{hen, as the program is parsed from left to right, a token (called:the offending token) is encountered that
s
offending token if one or more of the following conditions is(tfue:

The offending token is separated from the previous\token by at least one LineTerminator.
The offending token is }.

2. When, as the program is parsed from left to right, the end of the input stream of tokens is encountered
and the parser is unable to parse the inputtoken stream as a single complete ECMAScript Program, then
a pemicolon is automatically inserted at.the-end of the input stream.

3.  When, as the program is parsedifrom left to right, a token is encountered that is allowed by some
production of the grammar, buf-the'production is a restricted production and the token would be the first
token for a terminal or nonterminal immediately following the annotation “[no LineTerminator here]” within the
reistricted production (and-therefore such a token is called a restricted token), and the restricted token is
sgparated from the previods token by at least one LineTerminator, then a s emicolon is automatically
ingerted before the restricted token.

Howevgr, there is an/additional overriding condition on the preceding rules: a semicolon is never inserted
automgtically if the semicolon would then be parsed as an empty statement or if that semicolon would become
one of the two sémicolons in the header of a for statement (see 12.6.3).

NOTE The following are the only restricted productions in the grammar:

PostfixExpression -

LeftHandSideExpression [no LineTerminator here] ++
LeftHandSideExpression [no LineTerminator here] ——

ContinueStatement :
continue [no LineTerminator here] ldentifier ;

BreakStatement :
break [no LineTerminator here] ldentifier ;

ReturnStatement :
return [no LineTerminator here] Expression >
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ThrowStatement :
throw [no LineTerminator here] Expression ;

The practical effect of these restricted productions is as follows:
When a ++ or —- token is encountered where the parser would treat it as a p ostfix operator, and at least one

LineTerminator occurred between the preceding token and the ++ or -- token, then a semicolon is automatically
inserted before the ++ or —- token.

A Llo. - o Il 4= =l o H 4 <l <l [ - H + H 4 b f
vvire a con Mot oo e or crrowtoRen 1S encotmtered—ant—a e e atoT ISenCotUMere erore

the next token, a semicolon is automatically inserted after the continue, break, return, or throw token.
The resulting practical advice to ECMAScript programmers is:

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

An Expression in a return or throw statement should start on the same line as the return or throw token

An ldentifier in a break or continue statement should be on the same line as the'\bréak or continue tokgn.

7.9.2 Examples of Automatic Semicolon Insertion

The source

{12}3
is not a valid sentence in the ECMAScript grammar, even with the automatic semicolon insertion rjiles. In
contrast, the source

{1
2}3

is also not a valid ECMAScript sentence, butSs transformed by au tomatic semicolon insertion into the
following:

{1

32 3} 3;
which is a valid ECMAScript sentence;}
The source

for (a;/b

)

is not a valid ECMAScript sentence and is not altered by a utomatic semicolon insertion becadse the
semicolon is needed.for the header of a for statement. Automatic semicolon insertion never inserts|one of
the two semicolons’in the header of a for statement.

The souree
return
a+b
istrahsformed by automatic semicolon insertion into the following:
return,
a + b;
NOTE The expression a + b is not treated as a value to be returned by the return statement, because a

LineTerminator separates it from the token return.

The source
a=>b
++C

is transformed by automatic semicolon insertion into the following:
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NOTE The token ++ is not treated as a postfix operator applying to the variable b, because a LineTerminator occurs
between b and ++.

The source
if (a>bh)
else c =d

is not g4 valid ECMAScript sentence and is not altered by automatic semicolon insertion before the el se token,
even though no production of the grammar applies at that point, because an automatically inserted semicolon
would fhen be parsed as an empty statement.

The soprce

a=b+c

@ + e).printQ)

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

a=>b+ c(d+ e).printQ)

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

Algorithms within this specification manipulate values each "ef which has an associated type. The possible
value types are exactly those defined in this clause. Types-are further subclassified into ECMAScript language
types gnd specification types.

An EQMAScript language type corresponds to, values that are directly manipulated by an ECMAScript
programmer using the ECMAScript language. The ' ECMAScript language types are Undefined, Null, Boolean,
String, [Number, and Object.

A spedfication type corresponds to meta-values that are used within algorithms to describe the semantics of
ECMAScript language constructs andECMAScript language types. The specification types are Reference,
List, Cpmpletion, Property Descfiptor, Property Identifier, Lexical Environment, and Environment Record.
Specification type values are specification artefacts that do not necessarily correspond to any specific entity
within an ECMAScript implementation. Specification type values may be used to describe intermediate results
of ECMIAScript expression.evaluation but such values cannot be stored as properties of objects or values of
ECMAScript language ¥ariables.

Within this specifieation, the notation “Type(x)” is used as shorthand for “the type of x” where “type” refers to the
ECMAScript language and specification types defined in this clause.

8.1 The Undefined Type

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

8.2 The Null Type

The Null type has exactly one value, called null.
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8.3 The Boolean Type

The Boolean type represents a logical entity having two values, called true and false.

8.4 The String Type

The String type is the set of all finite ordered sequences of zero or more 16-bit unsigned integer values
(“elements ). The String type is generally used to represent textual datain a runn|ng ECMAScrlpt program, |n

regarded as occupylng a position within the sequence These posmons are indexed W|th nonnegat|ve integers.
The first element (if any) is at position 0, the next element (if any) at position 1, and so on. The'length of a
String is the number of elements (i.e., 16-bit values) within it. The empty String has length zeroyand therefore
contains no elements.

When a String contains actual textual data, each element is considered to be a singleUTF-16 code unit.
Whether or not this is t he actual storage format of a String, the characters within a String are numbgred by
their initial code u nit element position as though they were represented using \UTF-16. All op eratipns on
Strings (except as otherwise stated) treat them as sequences of undifferentiatéd 16-bit unsigned irftegers;
they do not ensure the resulting String is in normalised form, nor do they ensdre‘\language-sensitive resjlts.

NOTE The rationale behind this design was to keep the implementation ofStrings as simple and high-performing as
possible. The intent is that textual data coming into the execution environmént from outside (e.g., user input, t¢xt read
from a file or received over the network, etc.) be converted to Unicode Nefmalised Form C before the running program
sees it. Usually this would occur at the same time incoming text is-Converted from its original character enc¢ding to
Unicode (and would impose no additional overhead). Since itis.recommended that ECMAScript source code be in
Normalised Form C, string literals are guaranteed to be normalised(if'source text is guaranteed to be normalised)|as long
as they do not contain any Unicode escape sequences.

8.5 The Number Type

The Number type has exactly 18437736874454810627 (that is, 2%—2%+3) values, representing the ¢louble-
precision 64-bit format IEEE 754 values as,specified in the IEEE Standard for Binary Floating-Point Arithmetic,
except that the 9007199254740990 (that.is, 2°°-2) distinct “Not-a-Number” values of the IEEE Standard are
represented in ECMAScript as a single’special NaN value. (Note that the NaN value is produced|by the
program expression NaN.) In some implementations, external code might be able to detect a d ifference
between various Not-a-Number yalues, but such behaviour is implementation-dependent; to ECMAScript code,
all NaN values are indistinguishable from each other.

There are two other special’ values, called positive Infinity and negative Infinity. For brevity, these|values
are also referred to for_expository purposes by the symbols +e0 and —wo, respectively. (Note that thgse two
infinite Number values’are produced by the program expressions +Infinity (or simply Infinity)] and -
Infinity.)

The other_ 18437736874454810624 (that is, 2%-2%%) values are called the finite numbers. Half of thgse are
positivesnumbers and half are negative numbers; for every finite positive Number value therp is a
corresponding negative value having the same magnitude.

Note that there is both a positive zero and a negative zero. For brevity, these values are also referred to for
expository purposes by the symbols +0 and -0, respectively. (Note that these two different zero Number
values are produced by the program expressions +0 (or simply 0) and -0.)

The 18437736874454810622 (that is, 2%—2°°-2) finite nonzero values are of two kinds:
18428729675200069632 (that is, 2°*~2°*) of them are normalised, having the form

sxmx 2°

where s is +1 or -1, m is a positive integer less than 2°° but not less than 2%?, and e is an integer ranging from
-1074 to 971, inclusive.
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The remaining 9007199254740990 (that is, 2°°~2) values are denormalised, having the form

sxm x 2°

where sis +1 or -1, m is a positive integer less than 252 and e is —1074.

Note that all the positive and negative integers whose magnitude is no greater than 2% are representable in
the Number type (indeed, the integer 0 has two representations, +0 and -0).

A finitey 3
forms ghown above)

In this| specification, the phrase “the Number value for x” where x represents an exact nonzero, real
matherpatical quantity (which might even be an irrational number such as ©) means a Number value_chosen in
the follbwing manner. Consider the set of all finite values of the Number type, with -0 removed‘and with two
additiopal values added to it that are not representable in the Number type, namely 2'°% (whick’ is +1 x 2% x
2°™) and —2'%* (which is —1 x 2% x 2°™"). Choose the member of this set that is closest ifi yalue to x. If two
values [of the set are equally close, then the one with an even significand is chosen; forthis purpose, the two
extra values 2'° and —2'° are considered to have even significands. Finally, if 2'%% was chosen, replace it
with +op; if —2'%% was chosen, replace it with —o; if +0 was chosen, replace it with <0.if-and only if x is less than
zero; gny other chosen value is used unchanged. The result is the Number, valle for x. (This procedure
corresponds exactly to the behaviour of the IEEE 754 “round to nearest” mode()

Some ECMAScript operators deal only with integers in the range —2%* threugh 2%-1, inclusive, or in the range
gh 2%2-1, inclusive. These operators accept any value of the NuUmber type but first convert each such
value tp one of 2% integer values. See the descriptions of the Tolnt32 and ToUint32 operators in 9.5 and 9.6,

e A pamed data property associates a name with an ECMAScript language value and a set of Boolean
attfibutes.

e A named accessor property associates a name with one or two accessor functions, and a set of Boolean
attributes. The accessor functions are used to store or retrieve an ECMAScript language value that is
as$ociated with the property:

e An|internal property has no name and is not directly accessible via ECMAScript language operators.
Intgrnal properties €xist purely for specification purposes.

There Lre two kinds(of access for named (non-internal) properties: get and put, corresponding to retrieval and
assignment, respectively.

8.6.1 | Property Attributes

Attributes are used in this specification to define and explain the state of named properties. A named data
property associates a name with the attributes listed in Table 5
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Table 5 — Attributes of a Named Data Property

Attribute Name Value Domain Description
[[Value]] Any ECMAScript The value retrieved by reading the property.
language type

[[Writable]] Boolean If false, attempts by ECMAScript code to change the
property’s [[Value]] attribute using [[Put]] will not succeed.

[[Enumerable]] Boolean If true, the property will be enumerated by a for-in
enumeration (see 12.6.4). Otherwise, the property is said

[[Configurable]] Boolean If false, attempts to delete the property, change the
property to be an accessor property, or change its
attributes (other than [[Value]]) will fail.

A named accessor property associates a name with the attributes listed in Table 6.

Table 6 — Attributes of a Named Accessor Property,

Description
If the value is an Object it must)be a function Object. The
function’s [[Call]] internal method (8.6.2) is called with 4
empty arguments list to‘return the property value each fime
a get access of the property is performed.
If the value is an ©Object it must be a function Object. The
function’s [[Call]Pinternal method (8.6.2) is called with 4
arguments list\containing the assigned value as its sol¢
argument each time a set access of the property is
performed. The effect of a property's [[Set]] internal method
may, ‘but'is not required to, have an effect on the value
returned by subsequent calls to the property's [[Get]]
internal method.
If true, the property is to be enumerated by a for-in
enumeration (see 12.6.4). Otherwise, the property is sgid to
be non-enumerable.

Attribute Name
[[Get]]

Value Domain
Object or
Undefined

=]

[[Set]] Object or

Undefined

=]

[[Enumerable]] Boolean

[[Configurable]] Boolean If false, attempts to delete the property, change the

property to be a data property, or change its attributes yvill
fail.

If the value of an attribute iS"not explicitly specified by this specification for a named property, the defaujt value
defined in Table 7 isused.

Table 7 — Default Attribute Values

Attribute Name Default Value
[[Value]] undefined
[[Get]] undefined
[[Set]] undefined
[Writahle]] false
[[Enumerable]] false
[[Configurable]] false

8.6.2 Object Internal Properties and Methods

This specification uses various internal properties to define the semantics of object values. These internal
properties are not part of the ECMAScript language. They are defined by this specification purely for
expository purposes. An implementation of ECMAScript must behave as if it produced and operated upon
internal properties in the manner described here. The names of internal properties are enclosed in double
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square brackets [[]]. When an algorithm uses an internal property of an object and the object does not
implement the indicated internal property, a TypeError exception is thrown.

The Table 8 summarises the internal properties used by this specification that are applicable to all
ECMAScript objects. The Table 9 summarises the internal properties used by this specification that are only
applicable to some ECMAScript objects. The descriptions in these tables indicate their behaviour for native
ECMAScript objects, unless stated otherwise in this document for particular kinds of native ECMAScript
objects. Host objects may support these internal properties with any implementation-dependent behaviour as
long as it is consistent with the specific host object restrictions stated in this document.

The “Vplue Type Domain” columns of the following tables define the types of values associated with internal
properfies. The type names refer to the types defined in Clause 8 augmented by the following additional
names| “any” means the value may be any ECMASCc ript language type. “primitive” means Undefined,”Null,
Boolean, String, or Number. “SpecOp” means the internal property is an internal method, an implementation
providgd procedure defined by an abstract operation specification. “SpecOp” is followed by a list ‘of descriptive
parameter names. If a parameter name is the same as a type name then the name describes the type of the
parameter. If a “SpecOp” returns a value, its parameter list is followed by the symbol “—”and the type of the

returned value.
Table 8 — Internal Properties Common to All Objects
Internal Property Value Type Domain Description o
[[Prototype]] Obiject or Null The prototypeof this object.
[[Class]] String A String value indicating a specification defined
classification of objects.
[[Extensible]] Boolean If true,yown properties may be added to the
object:
[[Get]] SpecOp(propertyName) — | Returns the value of the named property.
any
[[GetOwnProperty]] SpecOp (propertyName) ;| Returns the Property Descriptor of the named
Undefined or Property own property of this object, or undefined if
Descriptor absent.
[[f5etProperty]] SpecOp (propertyNlame) — | Returns the fully populated Property Descriptor
Undefined or Rroperty of the named property of this object, or
Descriptor undefined if absent.
[[Put]] SpecOp (propertyName, Sets the specified named property to the value
any, Bgolean) of the second parameter. The flag controls
failure handling.
[[CanPut]] SpeeOp (propertyName) — | Returns a Boolean value indicating whether a
Boolean [[Put]] operation with PropertyName can be
performed.
[[HasPropertyl] SpecOp (propertyName) — | Returns a Boolean value indicating whether the
Boolean object already has ap roperty with the given
name.
[[Delete]] SpecOp (propertyName, Removes the specified named own property
Boolean) — Boolean from the object. The flag controls failure
handling.
[[DefaultValue]] SpecOp (Hint) — primitive Hint is a String. Returns a default value for the
object.
[[DefineOwnProperty]] | SpecOp (propertyName, Creates or a lters the named own property to
PropertyDescriptor, have the state described by a Property
Boolean) — Boolean Descriptor. The flag controls failure handling.

Every object (including host objects) must implement all of the internal properties listed in Table 8. However,
the [[DefaultValue]] internal method may, for some objects, simply throw a TypeError exception.

All objects have an internal property called [[Prototype]]. The value of this property is either null or an object
and is used for implementing inheritance. Whether or not a native object can have a ho st object as its
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[[Prototype]] depends on the implementation. Every [[Prototype]] chain must have finite length (that is, starting
from any object, recursively accessing the [[Prototypel]] internal property must eventually lead to a null value).
Named data properties of the [[Prototype]] object are inherited (are visible as properties of the child object) for
the purposes of get access, but not for put access. Named accessor properties are inherited for both get
access and put access.

Every ECMAScript object has a Boolean-valued [[Extensible]] internal property that controls whether or not
named properties may be added to the object. If the value of the [[Extensible]] internal property is false then
add|t|onal named propertles may not be added to the object In add|t|on if [[ExtenS|bIe]] is false the value of
e of an

[[Exten3|ble]] mternal property has been set to false it may not be subsequently changed to true.

NOTE This specification defines no ECMAScript language operators or built-in functions that permitra program to
modify an object’s [[Class]] or [[Prototype]] internal properties or to change the value of [[Extensible]] from false |to true.
Implementation specific extensions that modify [[Class]], [[Prototype]] or [[Extensible]] must notvielate the inpariants
defined in the preceding paragraph.

The value of the [[Class]] internal property is defined by this specification for every.kind of built-in objgct. The
value of the [[Class]] internal property of a host object may be any String value*except one of ""Argumgnts™,
“"Array", "Boolean", "Date', "Error', "Function”, "JSON", 'Math", "Number", "Object",
"RegExp", and "'String". The value of a [[Class]] internal property is uséd internally to distinguish different
kinds of objects. Note that this specification does not provide any means for a program to access thgt value
except through Object.prototype.toString (see 15.2.4.2).

Unless otherwise specified, the common internal methods of native ECMAScript objects behave as depcribed
in 8.12. Array objects have a slightly different implementation of the [[DefineOwnProperty]] internal jnethod
(see 15.4.5.1) and String objects have a slightly differentiimplementation of the [[GetOwnProperty]] |nternal
method (see 15.5.5.2). Arguments objects (10.6) have different implementations of [[Get]], [[GetOwnProperty]],
[[DefineOwnProperty]], and [[Delete]]. Function objects.(15.3) have a different implementation of [[Get]]

Host objects may implement these internal methods in any mann er unless specified otherwise; for eyample,
one possibility is that [[Get]] and [[Put]] for a-particular host object indeed fetch and store property valyies but
[[HasProperty]] always generates false. Hewever, if any specified manipulation of a host object's |nternal
properties is not supported by an implementation, that manipulation must throw a TypeError exceptiopn when
attempted.

The [[GetOwnProperty]] internalnmethod of a host object must conform to the following invariants fgr each
property of the host object:

e If a property is described as a data property and it may return different values over time, then efther or
both of the [[Writable]] and [[Configurable]] attributes must be true even if no me chanism to champge the
value is exposed via the other internal methods.

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

o Alfithe attributes other than [[Writable]] may change over time or if the property might disappear, then the
[[Configurable]] attribute must be true.

o If the [[Writable]] attribute may change from false to true, then the [[Configurable]] attribute must be true.

o If the value of the host object’s [[Extensible]] internal property has been observed by ECMAScript code to
be false, then ifa call to [[GetOwnProperty]] describes a property as non-existent all subsequent calls
must also describe that property as non-existent.

The [[DefineOwnProperty]] internal method of a host object must not permit the addition of a new property to a

host object if the [[Extensible]] internal property of that host object has been observed by ECMAScript code to
be false.
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If the [[Extensible]] internal property of th at host object has been observed by ECMAScript code to be false
then it must not subsequently become true.

Table 9 — Internal Properties Only Defined for Some Objects

Internal Property Value Type Description
Domain
[[PrimitiveValuel]] primitive Internal state information associated with this object. Of the

standard built-in ECMAScript objects, only Boolean, Date,

Number, and String objects implement [[PrimitiveValue]].

[[Congtruct]] SpecOp(a List of Creates an object. Invoked via the new operator. The
any) — Object arguments to the SpecOp are the arguments passedto.the
new operator. Objects that implement this internalmethod
are called constructors.
[[Call] SpecOp(any, a List | Executes code associated with the object. Invoked via a

of any) — any or

function call expression. The arguments to the SpecOp are

Reference this object and a list containing the arguments passed to the
function call expression. Objects that implement this internal
method are callable. Only callable~objects that are host
objects may return Reference valdes:

[[Haslpstance]] SpecOp(any) — Returns a Boolean value indicating whether the argument is

Boolean likely an Object that was conistructed by this object. Of the

standard built-in ECMAScript objects, only Function objects
implement [[HasInstance]]s

[[Scogel]

Lexical Environment

A lexical environment that defines the environment in which
a Function object)is executed. Of the standard built-in
ECMAScript objects, only Function objects implement
[[Scope]].

[[FormalParameters]]

List of Strings

A possibly.\empty List containing the identifier Strings of a
Function’s™ FormalParameterList. Of the standard built-in
ECMAScript objects, only Function objects implement
[[FermalParameterList]].

[[Codg]]

ECMAScript code

The ECMASCcript code of a function. Of the standard built-in
ECMAScript objects, only Function objects implement
[[Codel]].

[[TarggetFunction]]

Object

The target function of a fun ction object created using the
standard built-in  Function.prototype.bind method. Only
ECMAScript objects created using Function.prototype.bind
have a [[TargetFunction]] internal property.

[[BoundThis]]

any

The pre-bound this value of a function Object created using
the standard built-in Function.prototype.bind method. Only
ECMAScript objects created using Function.prototype.bind
have a [[BoundThis]] internal property.

[[BounldArguments]j

List of any

The pre-bound argument values of a function Object created
using the standard built-in Function.prototype.bind method.
Only ECMAScript objects created using
Function.prototype.bind have a [[BoundArguments]] internal
property.

[[Match]]

Specop(Strng,
index) —
MatchResult

TESTS for a regular expression match and rewrns a
MatchResult value (see 15.10.2.1). Of the standard built-in
ECMAScript objects, only RegExp objects implement
[[Match]].

[[ParameterMap]]

Object

Provides a mapping between the properties of an arguments
object (see 10.6) and the formal parameters of the
associated function. Only ECMAScript objects that are
arguments objects have a [[ParameterMap]] internal
property.
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8.7 The Reference Specification Type

The Reference type is used to explain the behaviour of such operators as delete, typeof, and the
assignment operators. For example, the left-hand 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 on
the syntactic form of the left-hand 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 ob jects. No

built-in

ECMAScript function defined by this specification returns a reference and there is no provision for a user-
defined function to return a reference. (Another reason not to use a syntactic case analysis is that it would be

Tengthy and awkward, affecting many parts of the specification.)

A Reference is a resolved name binding. A Reference consists of three components, the base valpe, the

referenced name and the Boolean valued strict reference flag. The base value is either undefined,/an O
Boolean, a String, a Number, or an environment record (10.2.1). A base value of undefined-indicates f
reference could not be resolved to a binding. The referenced name is a String.

The following abstract operations are used in this specification to access the compgnents of references

o GetBase(V). Returns the base value component of the reference V.

o GetReferencedName(V). Returns the referenced name component of.the reference V.
e [sStrictReference(V). Returns the strict reference component of the-feference V.

e HasPrimitiveBase(V). Returns true if the base value is a Boolean, String, or Number.

o IsPropertyReference(V). Returns true if either the base valuge'is an object or HasPrimitiveBase(V)
otherwise returns false.

¢ IsUnresolvableReference(V). Returns true if the base valte is undefined and false otherwise.

The following abstract operations are used in this spegification to operate on references:

8.7.1 GetValue (V)

If Type(V) is not Reference, return V:
Let base be the result of calling GetBase(V).
If IsUnresolvableReference(V), throw a ReferenceError exception.
If IsPropertyReference(V), then
a. If HasPrimitiveBase(V) is false, then let get be the [[Get]] internal method of base, otherwise
be the special [[Get]] internal method defined below.
b. Return the result’of calling the get internal method using base as its this value, and passing
GetReferencedName(V) for the argument.
5. Else, base mustb€_an environment record.
a. Returhthe result of calling the GetBindingValue (see 10.2.1) concrete method of base passin
GefReferencedName(V) and IsStrictReference(V) as arguments.

PR

The following [[Get]] internal method is used by GetValue when V is a property reference with a primitiy

bject, a
hat the

s true;

let get

e base

value. It\i's/called using base as its this value and with property P as its argument. The following stg¢ps are

taken:

I Let O be ToObject(base).

2. Let desc be the result of calling the [[GetProperty]] internal method of O with property name P.

3. If desc is undefined, return undefined.

4. If IsDataDescriptor(desc) is true, return desc.[[Value]].

5. Otherwise, IsAccessorDescriptor(desc) must be true so, let getter be desc.[[Get]] (see 8.10).

6. |If getter is undefined, return undefined.

7. Return the result calling the [[Call]] internal method of getter providing base as the this value and providing

no arguments.

NOTE The object that may be created in step 1 is not accessible outside of the above method. An implementation
might choose to avoid the actual creation of the object. The only situation where such an actual property access that uses

this internal method can have visible effect is when it invokes an accessor function.
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8.7.2 PutValue (V, W)

=

If Type(V) is not Reference, throw a ReferenceError exception.
Let base be the result of calling GetBase(V).
3. If IsUnresolvableReference(V), then
a. |If IsStrictReference(V) is true, then
i Throw ReferenceError exception.
b. Call the [[Put]] internal method of the global object, passing GetReferencedName(V) for the
property name, W for the value, and false for the Throw flag.

N

4. ElgeTfisPropertyReference( V), themn

a. If HasPrimitiveBase(V) is false, then let put be the [[Put]] internal method of base, otherwise let put
be the special [[Put]] internal method defined below.

b. Call the put internal method using base as its this value, and passing GetReferencedName(V) for the
property name, W for the value, and IsStrictReference(V) for the Throw flag.

de base must be a reference whose base is an environment record. So,

a. Call the SetMutableBinding (10.2.1) concrete method of base, passing GetReferencedName(V), W,
and IsStrictReference(V) as arguments.

o
m

6. Return.

The following [[Put]] internal method is used by PutValue when V is a property referehice with a primitive base
value. [It is called using base as its this value and with property P, value W, and Boolean flag Throw as
argumgnts. The following steps are taken:

1. Le{ O be ToObject(base).

2. If the result of calling the [[CanPut]] internal method of O with argument'P is false, then

a. If Throw is true, then throw a TypeError exception.

b. Else return.

3. LefownDesc be the result of calling the [[GetOwnProperty]] internal method of O with argument P.

4. If lIsDataDescriptor(ownDesc) is true, then

a. |If Throw is true, then throw a TypeError exception.

b. Else return.

5. Le{ desc be the result of calling the [[GetProperty]]-internal method of O with argument P. This may be
either an own or inherited accessor property descfiptor or an inherited data property descriptor.

6. If IsAccessorDescriptor(desc) is true, then

a. Let setter be desc.[[Set]] (see 8.1Q)which cannot be undefined.

b. Call the [[Call]] internal method of setter providing base as the this value and an argument list
containing only W.

7. Elge, this is a request to create an_ own*property on the transient object O
a. |If Throw is true, then throw a TypeError exception.
8. Return.
NOTE The object that may be-created in step 1 is not accessible outside of the above method. An implementation

might choose to avoid the actual creation of that transient object. The only situations where such an actual property
assignnpent that uses thissinternal method can have visible effect are when it either invokes an accessor function or is in
violation) of a Throw predicated error check. When Throw is true any property assignment that would create a new property
on the tfansient objectthrows an error.

8.8 The List.Specification Type

The Ligt'type is used to explain the evaluation of argument lists (see 11.2.4) in new expressions, in function

calls, and in other algorithms where a simple list of values is needed. Values of the List type are simply
ordered sequences of values. These sequences may be of any length.

8.9 The Completion Specification Type

The Completion type is used to explain the behaviour of statements (break, continue, return and throw)
that perform nonlocal transfers of control. Values of the Completion type are triples of the form (type, value,
target), where type is one of normal, break, continue, return, or throw, value is any ECMAScript language
value or empty, and target is any ECMAScript identifier or empty. If cv is a completion value then cv.type,
cv.value, and cv.target may be used to directly refer to its constituent values.

36 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

The term “abrupt completion” refers to any completion with a type other than normal.

8.10 The Property Descriptor and 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 are records composed of named fields where each field’'s name is an
attribute name and its value is a corresponding attribute value as specified in 8.6.1. In addition, any field may
be present or absent.

Property Descriptor values may b e further classified as data property descriptors and accessor. property
descriptors based upon the existence or use of certain fields. A data property descriptor is one that includes
any fields named either [[Value]] or [[Writable]]. An accessor property descriptor is one that includes any fields
named either [[Get]] or [[Set]]. Any property descriptor may have fields named [[EnlUmerablg]] and
[[Configurable]]. A Property Descriptor value may not be both a data property descriptor-ahd an agcessor
property descriptor; however, it may be neither. A generic property descriptor is a Praperty Descriptgr value
that is neither a data property descriptor nor an accessor property descriptor. A fully populated property
descriptor is one that is either an accessor property descriptor or a data property descriptor and that h3s all of
the fields that correspond to the property attributes defined in either 8.6.1 Table54&r Table 6.

For notational convenience within this specification, an object literal-liké-syntax can be used to d Efine a
property descriptor value. For example, Property Descriptor {[[Value]]: 42\[[Writable]]: false, [[ConfigUrable]]:
true} defines a data pro perty descriptor. Field name order is not significant. Any fields that are not ekplicitly
listed are considered to be absent.

In specification text and algorithms, dot notation may be.used torefer to a specific field of a Property
Descriptor. For example, if D is a property descriptor then.D.[[Value]] is shorthand for “the field of D pame d
[[Valuel]”.
The Property Identifier type is used to associate a,property name with a Property Descriptor. Valueg of the
Property Identifier type are pairs of the form (name, descriptor), where name is a String and descripfor is a
Property Descriptor value.

The following abstract operations are used.in this specification to operate upon Property Descriptor valyes:

8.10.1 IsAccessorDescriptor ( Desc )

When the abstract operation” IsAccessorDescriptor is called with property descriptor Desc, the following steps
are taken:

1. If Desc is undefined; then return false.
2. If both Desc.[[Ggt]] and Desc.[[Set]] are absent, then return false.
3. Return true:

8.10.2 IsDataDescriptor ( Desc )

Whefisthe abstract operation IsDataDescriptor is called with property descriptor Desc, the following stéps are
taken:

1. If Desc is undefined, then return false.

2. If both Desc.[[Value]] and Desc.[[Writable]] are absent, then return false.
3. Return true.

8.10.3 IsGenericDescriptor ( Desc)

When the abstract operation IsGenericDescriptor is called with property descriptor Desc, the following steps
are taken:
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1. If Desc is undefined, then return false.
2. If IsAccessorDescriptor(Desc) and IsDataDescriptor(Desc) are both false, then return true.
3. Return false.

8.10.4 FromPropertyDescriptor ( Desc )

When the abstract operation FromPropertyDescriptor is called with property descriptor Desc, the following
steps are taken:

The fCI owina-alaorithm-ascscsumas-that Dace ic o fullvy nanulatad Dranartyy Naceorintar cuch ac that ratuirnad fram
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[[GetOwnProperty]] (see 8.12.1).

1. If Desc is undefined, then return undefined.

2. Letfl obj be the result of creating a new object as if by the expression new Object() where Object is the standard
buift-in constructor with that name.

3. If IsDataDescriptor(Desc) is true, then

a. Call the [[DefineOwnProperty]] internal method of obj with arguments "value", Property~Descriptor
{[[Value]]: Desc.[[Value]], [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]{true}, and false.

b. Call the [[DefineOwnProperty]] internal method of obj with arguments "wr i tab ke¥,Property Descriptor
{[[Value]]: Desc.[[Writable]], [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and false.

s, IsAccessorDescriptor(Desc) must be true, so

a. Call the [[DefineOwnProperty]] internal method of obj with arguments "get", Property Descriptor
{[[Value]]: Desc.[[Get]], [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and false.

b. Call the [[DefineOwnProperty]] internal method of obj with arguments."set", Property Descriptor
{[[Value]]: Desc.[[Set]], [[Writable]]: true, [[Enumerable]]: true; [[€onfigurable]]: true}, and false.

Ea
m

5. Call the [[DefineOwnProperty]] internal method of obj with arguments‘enumerable", Property Descriptor
{[[\Value]]: Desc.[[Enumerable]], [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]: true}, and false.
6. Call the [[DefineOwnProperty]] internal method of obj with arguments "configurable”, Property Descriptor

{[[Value]]: Desc.[[Configurable]], [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and false.
7. Refurn obj.

8.10.5 | ToPropertyDescriptor ( Obj )

When the abstract operation ToPropertyDescriptar-is called with object Obj, the following steps are taken:

1. If Type(Obj) is not Object throw a TypeError exception.

2. Le{ desc be the result of creating a new Property Descriptor that initially has no fields.

3. If the result of calling the [[HasProperty]] internal method of Obj with argument "enumerable" is true,
then

a. Let enum be the result'ef calling the [[Get]] internal method of Obj with "enumerable".

b. Set the [[Enumerable]] field of desc to ToBoolean(enum).

4. If the result of calling the f{HasProperty]] internal method of Obj with argument "configurable" is true,
thep

a. Let confdethe result of calling the [[Get]] internal method of Obj with argument
"configurable".

b. Setthe)[[Configurable]] field of desc to ToBoolean(conf).

5 If Te result.of calling the [[HasProperty]] internal method of Obj with argument "value" is true, then

a.”\Let value be the result of calling the [[Get]] internal method of Obj with argument “value”.
b Set the [[Value]] field of desc to value.

6. If the result of calling the [[HasProperty]] internal method of Obj with argument "writable” is true, then
a. Letwritable be the result of calling the [[Get]] internal method of Obj with argument "writable".
b. Set the [[Writable]] field of desc to ToBoolean(writable).
7. If the result of calling the [[HasProperty]] internal method of Obj with argument "get" is true, then
a. Let getter be the result of calling the [[Get]] internal method of Obj with argument "get".
b. If IsCallable(getter) is false and getter is not undefined, then throw a TypeError exception.
c. Set the [[Get]] field of desc to getter.
8. If the result of calling the [[HasProperty]] internal method of Obj with argument "set" is true, then
a. Let setter be the result of calling the [[Get]] internal method of Obj with argument "set".
b. If IsCallable(setter) is false and setter is not undefined, then throw a TypeError exception.
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c. Set the [[Set]] field of desc to setter.
9. If either desc.[[Get]] or desc.[[Set]] are present, then

a. |If either desc.[[Value]] or desc.[[Writable]] are present, then throw a TypeError exception.
10. Return desc.

8.11 The Lexical Environment and Environment Record Specification Types

The Lexical Environment and Environment Record types are used to explain the behaviour of name resolution

in nested functions and blocks. These types and the operations upon them are defined in Clause 10.

8.12 Algorithms for Object Internal Methods

In the following algorithm descriptions, assume O is a native ECMAScript object, P is aString, D4
Property Description record, and Throw is a Boolean flag.

8.12.1 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of O is called with property name’ P, the following stq
taken:

If O doesn’t have an own property with name P, return undefined.
Let D be a newly created Property Descriptor with no fields.
Let X be O’s own property named P.
If X is a data property, then
a. Set D.[[Value]] to the value of X’s [[Value]] attribute.
b. Set D.[[Writable]] to the value of X’s [[Writable]}-attribute
5. Else X is an accessor property, so
a. Set D.[[Get]] to the value of X’s [[Get]] attribute.
b. Set D.[[Set]] to the value of X’s [[Set]].attribute.
6. Set D.[[Enumerable]] to the value of X’s [[Enumerable]] attribute.
7. Set D.[[Configurable]] to the value of X’s [[Configurable]] attribute.
8. Return D.

However, if O is a String object it has.a fmore elaborate [[GetOwnProperty]] internal method defined in 1

NP

8.12.2 [[GetProperty]] (P)

SC is a

ps are

5.5.5.2.

When the [[GetProperty]] internal method of O is called with property name P, the following steps are taken:

Let prop be the result’ of calling the [[GetOwnProperty]] internal method of O with property name P.
If prop is not undefined, return prop.

Let proto be'the'value of the [[Prototype]] internal property of O.

If proto is,aull, return undefined.

Return.theresult of calling the [[GetProperty]] internal method of proto with argument P.

agprLODME

8.12.3[[Get]] (P)

Let desc be the result of calling the [[GetProperty]] internal method of O with property name P.
If desc is undefined, return undefined.

If IsDataDescriptor(desc) is true, return desc.[[Value]].

Otherwise, IsAccessorDescriptor(desc) must be true so, let getter be desc.[[Get]].

If getter is undefined, return undefined.

Return the result calling the [[Call]] internal method of getter providing O as the this value and providing no
arguments.

oakwhE
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8.12.4 [[CanPut]] (P)
When the [[CanPut]] internal method of O is called with property name P, the following steps are taken:

1. Let desc be the result of calling the [[GetOwnProperty]] internal method of O with argument P.
2. If desc is not undefined, then
a. If IsAccessorDescriptor(desc) is true, then
i If desc.[[Set]] is undefined, then return false.
ii. Else return true.

b EISE, 085C MUST DE & DataDesCrTptor S0 Teturn the value of desc- [ [Writable]T:
Le{ proto be the [[Prototype]] internal property of O.

If groto is null, then return the value of the [[Extensible]] internal property of O.

Lef inherited be the result of calling the [[GetProperty]] internal method of proto with property name R«
If inherited is undefined, return the value of the [[Extensible]] internal property of O.

If IsAccessorDescriptor(inherited) is true, then

a. Ifinherited.[[Set]] is undefined, then return false.

b. Else return true.

ge, inherited must be a DataDescriptor

a. |If the [[Extensible]] internal property of O is false, return false.

b. Else return the value of inherited.[[WTritable]].

Nogokw

©
m

Host opjects may define additional constraints upon [[Put]] operations. If possible, host objects should not
allow [[Put]] operations in situations where this definition of [[CanPut]] returns false.

8.12.5 | [[Put]] ( P, V, Throw )

When the [[Put]] internal method of O is called with property P, value'V, and Boolean flag Throw, the following
steps dre taken:

1. If the result of calling the [[CanPut]] internal method of-©"with argument P is false, then

a. |If Throw is true, then throw a TypeError exeeption.

b. Else return.

Le{ ownDesc be the result of calling the [[GetOwnProperty]] internal method of O with argument P.

3. If IsDataDescriptor(ownDesc) is true, then

a. LetvalueDesc be the Property Descriptor {[[Value]]: V}.

b. Call the [[DefineOwnProperty]] internal method of O passing P, valueDesc, and Throw as
arguments.

c. Return.

4. Lefdesc be the result of calling the [[GetProperty]] internal method of O with argument P. This may be
either an own or inherited accessor property descriptor or an inherited data property descriptor.

5. If IsAccessorDescriptor(desc) is true, then

a. Let setter be dese.[[Set]] which cannot be undefined.

b. Call the [[€all]] internal method of setter providing O as the this value and providing V as the sole
argument.

de, create a-named data property named P on object O as follows

a. Let'mewDesc be the Property Descriptor
{EEvalue]]: V, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}.

b.”“Call the [[DefineOwnProperty]] internal method of O passing P, newDesc, and Throw as arguments.

7. Refjurn.

N

o
m

8.12.6 [[HasProperty]] (P)
When the [[HasProperty]] internal method of O is called with property name P, the following steps are taken:
1. Let desc be the result of calling the [[GetProperty]] internal method of O with property name P.

2. If desc is undefined, then return false.
3. Else return true.
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8.12.7 [[Delete]] (P, Throw)

When the [[Delete]] internal method of O is called with property name P and the Boolean flag Throw, the
following steps are taken:

1. Let desc be the result of calling the [[GetOwnProperty]] internal method of O with property name P.
2. If desc is undefined, then return true.
3. If desc.[[Configurable]] is true, then

a. Remove the own property with name P from O.

b RetTnm true.
4. Else if Throw, then throw a TypeError exception.
5. Return false.

8.12.8 [[DefaultValue]] (hint)

When the [[DefaultValue]] internal method of O is called with hint String, the following steps are taken:

1. Let toString be the result of calling the [[Get]] internal method of object O with-argument "toString".
2. If IsCallable(toString) is true then,
a. Let str be the result of calling the [[Call]] internal method of toString, with O as the this valug and
an empty argument list.
b. If stris a primitive value, return str.
3. Let valueOf be the result of calling the [[Get]] internal method ofiebject O with argument "valueOTfT.
4. If IsCallable(valueOf) is true then,
a. Letval be the result of calling the [[Call]] internal.m&thod of valueOf, with O as the this valug and
an empty argument list.
b. If val is a primitive value, return val.
5. Throw a TypeError exception.

When the [[DefaultValue]] internal method of O is called with hint Number, the following steps are taken

1. Let valueOf be the result of calling the [[Get]] internal method of object O with argument "valueOff.
2. If IsCallable(valueOf) is true then,
a. Letval be the result of callingithe [[Call]] internal method of valueOf, with O as the this value and

an empty argument list.
b. Ifval is a primitive valueyreturn val.
3. Let toString be the result of calling the [[Get]] internal method of object O with argument "toString".
4. If IsCallable(toString) istrue then,
a. Let str be the resutt of calling the [[Call]] internal method of toString, with O as the this valug and

an empty argument list.
b. If stris aprimitive value, return str.

5. Throw a TypeEr«or exception.

When the [[DefaultValue]] internal method of O is called with no hint, then it behaves as if the higt were
Number, unlesSs O is a Date object (see 15.9.6), in which case it behaves as if the hint were String.

The above” specification of [[DefaultValue]] for native objects can return only primitive values. If a hos{ object
implemients its own [[DefaultValue]] internal method, it must ensure that its [[DefaultValue]] internal method
can return only primitive values.

8.12.9 [[DefineOwnProperty]] (P, Desc, Throw)

In the following algorithm, the term “Reject” means “If Throw is true, then throw a TypeError exception,
otherwise return false”. The algorithm contains steps that test various fields of the Property Descriptor Desc for
specific values. The fields that are tested in this manner need not actually exist in Desc. If a field is absent
then its value is considered to be false.

When the [[DefineOwnProperty]] internal method of O is called with property name P, property descriptor Desc,
and Boolean flag Throw, the following steps are taken:
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1. Let current be the result of calling the [[GetOwnProperty]] internal method of O with property name P.
2. Let extensible be the value of the [[Extensible]] internal property of O.
3. If current is undefined and extensible is false, then Reject.
4. If current is undefined and extensible is true, then
a. If IsGenericDescriptor(Desc) or IsDataDescriptor(Desc) is true, then

i Create an own data property named P of object O whose [[Value]], [[Writable]],
[[Enumerable]] and [[Configurable]] attribute values are described by Desc. If the value of
an attribute field of Desc is absent, the attribute of the newly created property is set to its
default value.

b—Etse; Descmust beamaccessor Property Descriptorso;

i Create an own accessor property named P of object O whose [[Get]], [[Set]],
[[Enumerable]] and [[Configurable]] attribute values are described by Desc. If the valug of
an attribute field of Desc is absent, the attribute of the newly created property is set to its
default value.

c. Return true.
5. Refurn true, if every field in Desc is absent.
6. Refurn true, if every field in Desc also occurs in current and the value of every field in Desc is the same
value as the corresponding field in current when compared using the SameValue algorithm“(9.12).
7. If the [[Configurable]] field of current is false then
a. Reject, if the [[Configurable]] field of Desc is true.
b. Reject, if the [[Enumerable]] field of Desc is present and the [[Enumerable]] fields of current and
Desc are the Boolean negation of each other.
8. If IsGenericDescriptor(Desc) is true, then no further validation is required,
9. Elde, if IsDataDescriptor(current) and IsDataDescriptor(Desc) have différent results, then
a. Reject, if the [[Configurable]] field of current is false.
b. If IsDataDescriptor(current) is true, then

i Convert the property named P of object O from<a-data property to an accessor property.
Preserve the existing values of the converted (property’s [[Configurable]] and
[[Enumerable]] attributes and set the rest ofthe property’s attributes to their default values.

c. Else,

i Convert the property named P of object O from an accessor property to a data property.
Preserve the existing values of the converted property’s [[Configurable]] and
[[Enumerable]] attributes and set:the rest of the property’s attributes to their default values.

10. Eldge, if IsDataDescriptor(current) and IsDataDescriptor(Desc) are both true, then
a. If the [[Configurable]] field of current is false, then
i Reject, if the [[Writable]}field of current is false and the [[Writable]] field of Desc is true.
ii. If the [[Writable]] field-of current is false, then
1. Reject, if-the [[Value]] field of Desc is present and SameValue(Desc.[[Value]],
current.ffVValue]]) is false.
b. else, the [[Configurable]] field of current is true, so any change is acceptable.
11. Elge, IsAccessorDescriptor(edrrent) and IsAccessorDescriptor(Desc) are both true so,
a. If the [[Configurable]] field of current is false, then

i. Reject-if the [[Set]] field of Desc is present and SameValue(Desc.[[Set]], current.[[Set]]) is

false’
il Reject, if the [[Get]] field of Desc is present and SameValue(Desc.[[Get]], current.[[Get]])
is false.
12. Fof eachattribute field of Desc that is present, set the correspondingly named attribute of the property
namedR of object O to the value of the field.
13. Refurmitrue.
However, if O is an Array object, it has a more elaborate [[DefineOwnProperty]] internal method defined in
15.4.5.1.
NOTE Step 10.b allows any field of Desc to be d ifferent from the corresponding field of c urrent if current’s

[[Configurable]] field is true. This even permits changing the [[Value]] of a property whose [[Writable]] attribute is false.
This is allowed because a true [[Configurable]] attribute would permit an equivalent sequence of calls where [[Writable]] is
first set to true, a new [[Value]] is set, and then [[Writable]] is set to false.

42
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9 Type Conversion and Testing

The ECMAScript runtime system performs automatic type conversion as needed. To clarify the semantics of
certain constructs it is useful to define a set of conversion abstract operations. These abstract operations are
not a part of the language; they are defined here to aid the specification of the semantics of the language. The
conversion abstract operations are polymorphic; that is, they can accept a value of any ECMAScript language
type, but not of specification types.

9.1 ToPrimitive

abstract operation ToPrimitive converts its input argument to a non-Object type. If an object)is’cappble of
converting to more than one primitive type, it may use the optional hint PreferredType to(favour that type.
Conversion occurs according to Table 10:

The abstract operation ToPrimitive takes an input argument and an optional argument Preferrequae. The

Table 10 — ToPrimitive Conversions

Input Type Result ,-\\\V
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 (R0 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 o bject i
retrieved by calling the_ [[DefaultValue]] internal method of the objec
passing the optional “hint PreferredType. The b ehaviour of th
[[DefaultValue]] internalmethod is defined by this specification for all nativ
ECMAScript objectsin 8.12.8.

o

o0

9.2 ToBoolean

The abstract operation ToBoolean converts its argument to a value of type Boolean according to Table [11:

Table 11 — ToBoolean Conversions

Argument Type'~  Result
e &

Undefined false

Null false

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

Number The result is false if the argument is +0, —0, or NaN; otherwise the result is
true.

String The result is false if the argument is the empty String (its length is zero};
otherwise the result is true.

Object true

9.3 ToNumber

The abstract operation ToNumber converts its argument to a value of type Number according to Table 12:
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Table 12 — To Number Conversions

Argument Type Result

Undefined NaN

Null +0

Boolean The result is 1 if the argument is true. The result is +0 if the argument is
false.

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

$tring See grammar and note below.

Object Apply the following steps:
1. Let primValue be ToPrimitive(input argument, hint Number).
2. Return ToNumber(primValue).

9.3.1

ToNumber Applied to the String Type

ToNunber applied to Strings applies the following grammar to the input String. If the(grammar cannot interpret

the Str

Syntax

ng as an expansion of StringNumericLiteral, then the result of ToNumber is.NaN.

StringNumericLiteral :::

trWhiteSpaceq,
trWhiteSpace,,: StrNumericLiteral StrwhiteSpaceqy

StrWhiteSpace :::

trWhiteSpaceChar StrWhiteSpaceqp,

StrwhiteSpaceChar :::

WhiteSpace

L ineTerminator

StrNumegricLiteral :::

trDecimalLiteral
HexIntegerLiteral

StrDecimalLiteral :::

trUnsignedDecimalLiterdl
+ StrUnsignedDecimallsiteral
- StrUnsignedDecimalLiteral

StrUnsignedDecimalL.iteral :::

nfinity

DecimalBigits . DecimalDigitsy, ExponentPart
DecimalDigits ExponentPart,p

DecimalDigits ExponentPartqp

DecimalDigits :::

DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit ::: one of

0 1 2 3 45 6 7 8 9

ExponentPart :::

44

Exponentindicator Signedinteger
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Exponentindicator ::: one of
e E

SignedInteger :::
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiteral :::

OX HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit ::: one of
01 2 3 45 6 7 8 9 ab cde f A BCD E|F

Some differences should be noted between the syntax of a StringNumericLiteral-and a NumericLiter]
7.8.3):

e A StringNumericLiteral may be preceded and/or followed by white space-and/or line terminators.
e A StringNumericLiteral that is decimal may have any number of leading 0-digits.

e A StringNumericLiteral that is decimal may be preceded by + or — ta(indicate its sign.

e A StringNumericLiteral that is empty or contains only white spaceds converted to +0.

pl (see

The conversion of a String to a Number value is similar overall to the determination of the Number valjie for a

numeric literal (see 7.8.3), but some of the details are differeht, so the process for converting a String 1
literal to a value of Number type is given here in full. "This value is determined intw o steps:
mathematical value (MV) is derived from the String numeric literal; second, this mathematical value is r
as described below.

e The MV of StringNumericLiteral ::: [empty] is Ok

e The MV of StringNumericLiteral ::: StrWhiteSpace is 0.

The MV of StringNumericLiteral ::l-StrWhiteSpace,, StrNumericLiteral StrWhiteSpace,, is the
StrNumericLiteral, no matter whethet-white space is present or not.

The MV of StrNumericLiteral ::: SttDecimalLiteral is the MV of StrDecimalLiteral.

The MV of StrNumericLiteral«:: HexIntegerLiteral is the MV of HexIntegerLiteral.

The MV of StrDecimalLiterak::: StrUnsignedDecimalLiteral is the MV of StrUnsignedDecimalLiteral.
The MV of StrDecimallziteral ::: + StrUnsignedDecimalLiteral is the MV of StrUnsignedDecimalLiteral.
The MV of StrbecimalLiteral ::: - StrUnsignedDecimalLiteral is the negative of the
StrUnsignedDecinallCiteral. (Note that if the MV of StrUnsignedDecimalLiteral is 0, the negative of this

umeric
first, a
punded

MV  of

MV o f
MV is

also 0. The raunding rule described below handles the conversion of this signless mathematical z¢ro to a

floating-paifit #0 or —0 as appropriate.)

e The M\ 6f StrUnsignedDecimalLiteral::: InFinity is 10'®% (a value so large that it will round to +x}.

e The MV 'of StrUnsignedDecimalLiteral::: DecimalDigits. is the MV of DecimalDigits.

e The-MV of StrUnsignedDecimalLiteral::: DecimalDigits . DecimalDigits is the MV of the first Decim
plus (the MV of the second DecimalDigits times 10™"), where n is the number of characters in the
DecimalDigits.

bIDigits
5 econd

where e is the MV of ExponentPart.
e The MV of StrUnsignedDecimalLiteral::: DecimalDigits. DecimalDigits ExponentPart is (the MV of the first

DecimalDigits plus (the MV of the second DecimalDigits times 10™)) times 10°, where n is the number of ch
in the second DecimalDigits and e is the MV of ExponentPart.

e The MV of StrUnsignedDecimalLiteral:::. DecimalDigits is the MV of DecimalDigits times 10™", where
number of characters in DecimalDigits.

fthes 10°,

aracters

n is the

e The MV of StrUnsignedDecimalLiteral:::. DecimalDigits ExponentPart is the MV of DecimalDigits times 10°™",

where n is the number of characters in DecimalDigits and e is the MV of ExponentPart.
e The MV of StrUnsignedDecimalLiteral::: DecimalDigits is the MV of DecimalDigits.
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DecimalDigits ExponentPart is the MV of DecimalDigits times 10°,

where e is the MV of ExponentPart.

e The MV of DecimalDigits :::
e The MV of DecimalDigits :::

DecimalDigit is the MV of DecimalDigit.
DecimalDigits DecimalDigit is (the MV of DecimalDigits times 10) plus the MV of

DecimalDigit.

e The MV of ExponentPart :::
e The MV of Signedinteger :::
e The MV of Signedinteger :::

Exponentindicator Signedinteger is the MV of SignedInteger.
DecimalDigits is the MV of DecimalDigits.
+ DecimalDigits is the MV of DecimalDigits.

e Th
e Th
e Th

e Th
e Th
e Th
e Th
e Th

e Th
e The

e The
e The
e Th
e Th
e Th

e The
e The

e The
e Th
e Th
M
Once f{

Numbs
String
Numbs
and thg
value f
Numbsg
and the
and

94 T

e MV of HexIntegerLiteral ::
b MV of HexIntegerLiteral :::
b MV of HexIntegerLiteral :::

ViV of STgnedimnteger —— DecimatDigits 15 the Tegative of the vtV of DecimatDigits:
b MV of DecimalDigit ::: O or of HexDigit ::: 0is 0.
b MV of DecimalDigit ::: 1 or of HexDigit ::: 1is 1.
b MV of DecimalDigit ::: 2 or of HexDigit ::: 2 is 2.
e MV of DecimalDigit ::: 3 or of HexDigit ::: 3is 3.
e MV of DecimalDigit ::: 4 or of HexDigit ::: 4 is 4.
b MV of DecimalDigit ::: 5 or of HexDigit ::: 5is 5.
e MV of DecimalDigit ::: 6 or of HexDigit ::: 6 is 6.
b MV of DecimalDigit ::: 7 or of HexDigit ::: 7 is 7.
b MV of DecimalDigit ::: 8 or of HexDigit ::: 8 is 8.
b MV of DecimalDigit ::: 9 or of HexDigit ::: 9 is 9.
b MV of HexDigit ::: a or of HexDigit ::: Ais 10.

b MV of HexDigit ::: b or of HexDigit ::: B is 11.

b MV of HexDigit ::: ¢ or of HexDigit ::: C is 12.

e MV of HexDigit ::: d or of HexDigit ::: D is 13.

e MV of HexDigit ::: e or of HexDigit ::: E is 14.

e MV of HexDigit ::: F or of HexDigit ::: Fis 15.

: Ox HexDigit is the MV, @f HexDigit.
: OX HexDigit is the MV of HexDigit.
HexIntegerLiteral HexDigit is (the MV of HexIntegerLiteral times 16) plus the

of HexDigit.

he exact MV for a String numeric literal has been determined, it is then rounded to a value of the
r type. If the MV is 0, then the rounded value is +0 unless the first non white space character in the
humeric literal is ‘=’, in which,ease the rounded value is —0. Otherwise, the rounded value must be the
r value for the MV (in the sense defined in 8.5), unless the literal includes a StrUnsignedDecimalLiteral

literal has more than 20, sighificant digits, in which case the Number value may be either the Number
pbr the MV of a literal-produced by replacing each significant digit after the 20th with a 0 digit or the
r value for the M\V.-of &’ literal produced by replacing each significant digit after the 20th with a 0 digit
n incrementing theliteral at the 20th digit position. A digit is significant if it is not part of an ExponentPart

it is not 0;.0¢
there is\@nonzero digit to its left and there is a nonzero digit, not in the ExponentPart, to its right.

ointeger

The abstract operation Tolnteger converts its argument to an integral numeric value. This abstract operation
functions as follows:

o

46

Let number be the result of calling ToNumber on the input argument.
If number is NaN, return +0.

If number is +0, =0, +o0, Or —oo, return number.

Return the result of computing sign(number) x floor(abs(number)).
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9.5 Tolnt32: (Signed 32 Bit Integer)

The abstract operation ToInt32 converts its argument to one of 2% integer values in the range —2* through
2311, inclusive. This abstract operation functions as follows:

Let number be the result of calling ToNumber on the input argument.

If number is NaN, +0, -0, +o0, or —oo, return +0.

Let posint be sign(number) * floor(abs(number)).

Let int32bit be posint modulo 2%2; that is, a finite integer value k of Number type with positive sign and less

o

than 2°° in magnitude such that the mathematical difference of posint and k is mathematically an |integer
multiple of 2%,
5. If int32bit is greater than or equal to 2*%, return int32bit — 2%, otherwise return int32bit.

NOTE Given the above definition of Tolnt32:

e The Tolnt32 abstract operation is idempotent: if applied to a result that it produced, the second)dpplication leapes that
value unchanged.

e Tolnt32(ToUint32(x)) is equal to Tolnt32(x) for all values of x. (It is to preserve this latter_property that +o anq — are
mapped to +0.)

e ToInt32 maps -0 to +0.

9.6 ToUint32: (Unsigned 32 Bit Integer)

The abstract operation ToUint32 converts its argument to one of 2%%integer values in the range 0 through 2%°-1,
inclusive. This abstraction operation functions as follows:

Let number be the result of calling ToNumber on the input’argument.
If number is NaN, +0, -0, +o0, or —oo, return +0.

Let posint be sign(number) x floor(abs(number)).

Let int32bit be posint modulo 2°%; that is, a finit&‘integer value k of Number type with positive sign gnd less
than 2% in magnitude such that the mathemafical difference of posint and k is mathematically an|integer
multiple of 2%,
5. Return int32bit.

el A

NOTE Given the above definition of-ToUInt32:

e Step 5is the only difference between ToUint32 and Tolnt32.

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

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

e  ToUint32 maps —0(te,+0.

9.7 ToUint16;/(Unsigned 16 Bit Integer)

The abstract operation ToUint16 converts its argument to one of 2'° integer values in the range 0 through 2°-1,
inclusive=This abstract operation functions as follows:

Let number be the result of calling ToNumber on the input argument.

H ||u|||bC| io NQN, TG, —G, 00, O 00, retorn—+0-
Let posint be sign(number) x floor(abs(number)).
Let int16bit be posint modulo 2'¢; that is, a finite integer value k of Number type with positive sign and less
than 2% in magnitude such that the mathematical difference of posint and k is mathematically an integer
multiple of 2.

5. Return intl6bit.

Ll ) X5

NOTE Given the above definition of ToUint16:

e The substitution of 2'° for 2% in step 4 is the only difference between ToUint32 and ToUint16.
e ToUint16 maps -0 to +0.
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9.8 ToString

The abstract operation ToString converts its argument to a value of type String according to Table 13:

Table 13 — ToString Conversions

Argument Type Result
Undefined “undefined"
Nl “nulll’
Boolean If the argument is true, then the result is ""true".
If the argument is false, then the result is "false".
Number See 9.8.1.
$tring Return the input argument (no conversion)
Object Apply the following steps:
1. Let primValue be ToPrimitive(input argument, hint String).
2. Return ToString(primValue).

9.8.1
The ab
1. Ifq
2. |If
3. If
4. Ifq
5.
K id
div
cri
6. Ifk
lea
7. 1f(
fol
8. If -
-n

ToString Applied to the Number Type
stract operation ToString converts a Number m to String format as follows:

n is NaN, return the String ""NaN"".

n is +0 or -0, return the String ""0"".

n is less than zero, return the String concatenation of the String™*-"" and ToString(—m).
N is infinity, return the String "Infinity".

Otherwise, let n, k, and s be integers such that k > 1, 10%1 &< 10, the Number value for s x 10"* is m, and

as small as possible. Note that k is the number of digits in the decimal representation of s, that s is not
isible by 10, and that the least significant digit of-sG5 not necessarily uniquely determined by these

eria.

< n <21, return the String consisting of the k'digits of the decimal representation of s (in order, with no
Hing zeroes), followed by n—k occurrences:ef-the character ‘O’.

< n <21, return the String consisting-0f.the most significant n digits of the decimal representation of s,
owed by a decimal point “.’, followed-by the remaining k—n digits of the decimal representation of s.

6 < n <0, return the String consisting of the character ‘0’, followed by a decimal point “.’, followed by
occurrences of the character “0) followed by the k digits of the decimal representation of s.

9. Otherwise, if k = 1, return the String consisting of the single digit of s, followed by lowercase character ‘e’,

fol
the
10. Re
deq
lov
or

NOTE 1
requirer|

owed by a plus sign “+’(onminus sign ‘-’ according to whether n—1 is positive or negative, followed by
decimal representatien.of the integer abs(n—1) (with no leading zeroes).

urn the String consiSting of the most significant digit of the decimal representation of s, followed by a
imal point “.” follewed by the remaining k-1 digits of the decimal representation of s, followed by the
ercase character ‘e’, followed by a plus sign ‘+’ or minus sign ‘=" according to whether n—1 is positive
hegative,followed by the decimal representation of the integer abs(n—1) (with no leading zeroes).

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

o Ifx

IS any Number value other than -0, then ToNumber( 1oS1tring(X)) 1s exactly the same Number value as X.

e The least significant digit of s is not always uniquely determined by the requirements listed in step 5.

NOTE 2 For implementations that provide more accurate conversions than required by the rules above, it is
recommended that the following alternative version of step 5 be used as a guideline:

48

Otherwise, let n, k, and s be integers such that k > 1, 10" <'s < 10%, the Number value for s x 10" is m, and k is as small as
possible. If there are multiple possibilities for s, choose the value of s for which s x 10" is closest in value to m. I there are
two such possible values of s, choose the one that is even. Note that k is the number of digits in the decimal representation of
s and that s is not divisible by 10.
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NOTE 3 Implementers of ECMAScript may find useful the paper and code written by David M. Gay for binary-to-decimal
conversion of floating-point numbers:

Gay, David M. Correctly Rounded Binary-Decimal and Decimal-Binary Conversions. Numerical Analysis,
Manuscript 90-10. AT&T Bell Laboratories (Murray Hill, New Jersey). November 30, 1990. Available as
http://cm.bell-labs.com/cm/cs/doc/90/4-10.ps.gz. Associated code available as
http://cm.bell-labs.com/netlib/fp/dtoa.c.gz and as

http://cm.bell-labs.com/netlib/fp/g_fmt.c.gz and may also be found at the various netlib mirror sites.

9.9 ToObject

The abstract operation ToObject converts its argument to a value of type Object according to Table,14:

Table 14 — ToObject

Argument Type Result NO™
g yp (.’(\]/

Undefined Throw a TypeError exception.

Null Throw a TypeError exception.

Boolean Create a new Boolean object whose [[PrimitiveValu€]] internal property i$
set to the value of the argument. See 15.6 for_a description of Booleah
objects.

Number Create a new Number object whose [[PrimitiveValue]] internal property is
set to the value of the argument. See’15.7 for a de scription of Number
objects.

String Create a new String object whose [[PrimitiveValue]] internal property is sqt
to the value of the argument. See'15.5 for a description of String objects.

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

9.10 CheckObjectCoercible

The abstract operation CheckObjectCoereible throws an error if its argument is a value that car
converted to an Object using ToObject. Itis defined by Table 15:

Table’15 — CheckObjectCoercible Results

not be

Argument Type ,_R\@It
Undefined TFhrow a TypeError exception.
Null Throw a TypeError exception.
Boolean Return
Number Return
String Return
Object Return
9.11, IsCallable

The abstract operation IsCallable determines if its argument, which must be an ECMAScript language value,
is a callable function Object according to Table 16:
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49


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

Table 16 — IsCallable Results

Argument Type Result

Undefined Return false.

Null Return false.

Boolean Return false.

Number Return false.

String Return false.

Pbject If the argument object has a [[Call]] internal method, then return true,

otherwise return false.

9.12 1

'he SameValue Algorithm

The internal comparison abstract operation SameValue(x, y), where x and y are ECMAScript language values,

produci
1. If7
2. If7
3. If
4. If
5 If7

sar
6. If7
7. Re
10 E;
10.1 1

bs true or false. Such a comparison is performed as follows:

[ype(x) is different from Type(y), return false.

[ype(x) is Undefined, return true.

[ype(x) is Null, return true.

[ype(x) is Number, then.

a. Ifxis NaN andy is NaN, return true.

b. Ifxis+0andy is -0, return false.

c. Ifxis-0andy is +0, return false.

d. If xis the same Number value as y, return true.

e. Return false.

['ype(x) is String, then return true if x and y are exactly the.same sequence of characters (same length and
he characters in corresponding positions); otherwise, return false.

[ype(x) is Boolean, return true if x and y are both_ true or both false; otherwise, return false.
urn true if x and y refer to the same object. Otherwise, return false.

kecutable Code and Execution-Contexts

'ypes of Executable Code

There gre three types of ECMAScript.executable code:

e Gli
pa
e Ev

to
pa

e Fu

bal code is source-text that is treated as an ECMAScript Program. The global code of a
ticular Program doés-not include any source text that is parsed as part of a FunctionBody.

hl code is the“source text supplied to the built-in eval function. More precisely, if the parameter
he built-in_&wval function is a String, it is treated as an ECMAScript Program. The eval code for a
ticular invocation of eval is the global code portion of that Program.

hction‘code is source text that is parsed as part of a FunctionBody. The function code of a

pa

ticular FunctionBody does not include any source text that is parsed as part of ane sted

FunctionBody. Function code also denotes the source text supplied when using the built-in

Fu

nction object as a constructor. More precisely, the last parameter provided to the Function

constructor is converted to a String and treated as the FunctionBody. If more than one parameter is
provided to the Function constructor, all parameters except the last one are converted to Strings
and concatenated together, separated by commas. The resulting String is interpreted as the
FormalParameterList for the FunctionBody defined by the last parameter. The function code for a
particular instantiation of a Function does not include any source text that is parsed as part of a
nested FunctionBody.
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10.1.1 Strict Mode Code

An ECMAScript Program syntactic unit may be processed using either unrestricted or strict mode syntax and
semantics. When processed using strict mode the three types of ECMAScript code are referred to as strict
global code, strict eval code, and strict function code. Code is interpreted as strict mode code in the following
situations:

e Global code is strict global code if it begins with a Directive Prologue that contains a Use Strict Directive
(see 14.1).

e Eval code is strict eval code if it begins with a Directive Prologue that contains a Use Strict Directjve or if
the call to eval is a direct call (see 15.1.2.1.1) to the eval function that is contained in strict made code.

e Function code that is part of a FunctionDeclaration, FunctionExpression, or accessor PtopertyAssigrment is
strict function code if its FunctionDeclaration, FunctionExpression, or PropertyAssignment is contained jn strict
mode code or if the function code begins with a Directive Prologue that contains a'tUse Strict Directjve.

e Function code that is supplied as the last argument to the built-in Function<constructor is strict function

code if the last argument is a String that when processed as a FunctionBody begins with a Djrective
Prologue that contains a Use Strict Directive.

10.2 Lexical Environments

A Lexical Environment is a specification type used to define the’association of Identifiers to specific variables
and functions based upon the lexical nesting structure of ECMAScript code. A Lexical Environment conisists of
an Environment Record and a possibly null reference téanh outer Lexical Environment. Usually a Lexic al
Environment is as sociated with some specific syntactic structure of ECMAScript code suchl as a
FunctionDeclaration, a WithStatement, or a Catch clause. of a TryStatement and a new Lexical Environment is
created each time such code is evaluated.

An Environment Record records the identifier-bindings that are created within the scope of its asspciated
Lexical Environment.

The outer environment reference is-used to model the logical nesting of Lexical Environment valugs. The
outer reference of a (inner) Lexical’Environment is a reference to the Lexical Environment that lpgically
surrounds the inner Lexical Environment. An outer Lexical Environment may, of course, have its owh outer
Lexical Environment. A Lexieal’Environment may serve as the outer environment for multiple inner | exical
Environments. For example, if'a FunctionDeclaration contains two nested FunctionDeclarations then the [Lexical
Environments of each-of the nested functions will have as their outer Lexical Environment the |Lexical
Environment of the current execution of the surrounding function.

Lexical Environments and Environment Record values are purely specification mechanisms and nged not

correspond t¢/any s pecific artefact of an ECMAScript implementation. Itis impossible for an ECMAScrip t
program to directly access or manipulate such values.

10.2.1~Environment Records

and object environment records. Declarative environment records are used to define the effect of ECMAScript
language syntactic elements such as FunctionDeclarations, VariableDeclarations, and Catch clauses that directly
associate identifier bindings with ECMAScript language values. Object environment records are used to define
the effect of ECMAScript elements such as Program and WithStatement that associate identifier bindings with
the properties of some object.

For specification purposes Environment Record values can be thought of as existing in a simple object-
oriented hierarchy where Environment Record is an abstract class with two concrete subclasses, declarative
environment record and object environment record. The abstract class includes the abstract specification
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methods defined in Table 17. Th ese abstract methods have distinct concrete algorithms for each of the

concrete subclasses.

Table 17 — Abstract Methods of Environment Records

Method

Purpose

HasBinding(N)

Determine ifan environment record has a bin ding for an
identifier. Return true if it does and false if it does not. The

$ of th el

faYP 1 [N 4+ 4L
UI.IIIIH VAIUL TV TO TTOC TUALU UT NG TUCTIuUunmmeT .

CreateMutableBinding(N, D)

Create a new mutable binding in an environment record. The
String value N is the text of the bound name. | f the optional
Boolean argument D is true the binding is may be subsequently
deleted.

SetMutableBinding(N,V, S)

Set the value of an already existing mutable (binding inan
environment record. The String value N is the text of the bound
name. V is the value for the binding and may be a value of any
ECMAScript language type. S is a Booleatnflag. If S is true and
the binding cannot be set throw a TypeError exception. S is
used to identify strict mode references:

GetBindingValue(N,S)

Returns the value ofa n already "existing binding fr om an
environment record. The String value N is the text of the bound
name. S is used to identify~strict mode references. If S is true
and the binding does ©Qotvexist or is uninitia lised throw a
ReferenceError exception.

DeleteBinding(N)

Delete a binding froman environment record. The String value N
is the text of the-bound name If a b inding for N exists, remove
the binding and“return true. If the binding exists but cannot be
removed retutn false. If the binding does not exist return true.

ImplicitThisValue()

Returns the value to use as the this value on calls to function
objects™) that are obtained as binding values from this
environment record.

10.2.1.1 Declarative Environment Records

Each declarative environment record‘is associated with an ECMAScript program scope containing variable
and/or [function declarations. A.deClarative environment record binds the set of ide ntifiers defined by the

declardtions contained within-its-scope.

In addition to the mutable-bindings supported by all Environment Records, declarative environment records
also prpvide for immutable bindings. An immutable binding is one where the association between an identifier
and a Jalue may nobtbe modified once it has been established. Creation and initialisation of immutable binding
are didtinct steps_so it is possible for such bindings to exist in either an initialised or uninitialised state.
Declarative environment records support the methods listed in Table 18 in addition to the Environment Record

abstragt specification methods:

Iable 7o — imional Methods ot Declarative Environment kecords

Method

Purpose

CreatelmmutableBinding(N)

Create a new but uninitialised immutable binding in an
environment record. The String value N is the text of the bound
name.

InitializelmmutableBinding(N,V)

Set the value of an already existing but uninitialised immutable
binding in an environment record. The String value N is the text
of the bound name. V is the value for the binding and is a value
of any ECMAScript language type.
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The behaviour of the concrete specification methods for Declarative Environment Records is defined by the
following algorithms.

10.2.1.1.1  HasBinding(N)

The concrete environment record method HasBinding for declarative environment records simply determines
if the argument identifier is ane of the identifiers baund hy the record:

1. LetenvRec be the declarative environment record for which the method was invoked.
2. If envRec has a binding for the name that is the value of N, return true.
3. If it does not have such a binding, return false.

10.2.1.1.2 CreateMutableBinding (N, D)

The concrete Environment Record method CreateMutableBinding for declarativei.environment records greates
a new mutable binding for the name N that is initialised to the value undefined: A binding must not already
exist in this Environment Record for N. If Boolean argument D is provided.and has the value true the new
binding is marked as being subject to deletion.

1. LetenvRec be the declarative environment record for which the method was invoked.

2. Assert: envRec does not already have a binding for N.

3. Create a mutable binding in envRec for N and set its bound.value to undefined. If D is true record thaf the
newly created binding may be deleted by a subsequent DeléteBinding call.

10.2.1.1.3  SetMutableBinding (N,V,S)

The concrete Environment Record method SetMutableBinding for declarative environment records attempts to
change the bound value of the current binding.of the identifier whose name is the value of the argumgnt N to
the value of argument V. A binding for Ncmust alr eady exist. If the binding is an immutable binfling, a
TypeError is thrown if S is true.

Let envRec be the declarative environment record for which the method was invoked.
Assert: envRec must have a binding for N.

If the binding for N in envRe¢"is a mutable binding, change its bound value to V.
Else this must be an attempt to change the value of an immutable binding so if S if true throw a TypeError
exception.

PoONE

10.2.1.1.4 GetBindingValue(N,S)

The concrete~Environment Record method GetBindingValue for declarative environment records |simply
returns the yvalue of its bound identifier whose name is the value of the argument N. The binding must already
exist. If Sdsytrue and the binding is an uninitialised immutable binding throw a ReferenceError exception.

1. <LetenvRec be the declarative environment record for which the method was invoked.
2. Assert: envRec has a binding for N.

3 I the hinrling for NoinenvRec is an uninitialised immutahble hinrlingy then

a. If Sis false, return the value undefined, otherwise throw a ReferenceError exception.
4. Else, return the value currently bound to N in envRec.

10.2.1.1.5 DeleteBinding (N)

The concrete Environment Record method DeleteBinding for declarative environment records can only delete
bindings that have been explicitly designated as being subject to deletion.

1. LetenvRec be the declarative environment record for which the method was invoked.
2. If envRec does not have a binding for the name that is the value of N, return true.
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3. Ift

he binding for N in envRec is cannot be deleted, return false.

4. Remove the binding for N from envRec.
5. Return true.

10.2.1.

1.6 ImplicitThisValue()

Declarative Environment Records always return undefined as their ImplicitThisValue.

1. Return undefined.

10.2.1.

The cq
createg
already

1. Le
2. As
3. Crg

|1.7 CreatelmmutableBinding (N)

ncrete Environment Record method CreatelmmutableBinding for declarative environment -records
a new immutable binding for the name N that is initialised to the value undefined. A binding must not
exist in this environment record for N.

envRec be the declarative environment record for which the method was invoked.
ert: envRec does not already have a binding for N.
ate an immutable binding in envRec for N and record that it is uninitialised.

10.2.1./1.8 InitializelmmutableBinding (N,V)

The co
used tq
to the

Lef
As
Sef
Re

PonPE

10.2.1.

Each ¢
record
Proper
inheritq
propert
enviror

ncrete Environment Record method InitializelmmutableBinding for declarative environment records is
set the bound value of the current binding of the identifier whosename is the value of the argument N
alue of argument V. An uninitialised immutable binding for N must already exist.

envRec be the declarative environment record for which the method was invoked.
ert: envRec must have an uninitialised immutable binding-for N.

the bound value for N in envRec to V.

tord that the immutable binding for N in envRec has-been initialised.

P Object Environment Records

bject environment record is associated. Wwith an object called its binding object. An object environment
binds the set of identifier names that directly correspond to the property names of its binding object.
y names that are not an IdentifierName are not included in the set of bound identifiers. Both own and
d properties are included in the.set regardless of the setting of their [[Enumerable]] attribute. Because
ies can be dynamically added and deleted from objects, the set of identifiers bound by an o bject
ment record may potentially)change as a side-effect of any operation that adds or deletes properties.

Any bindings that are created @s)a result of such a side-effect are considered to be a mutable binding even if

the Wr
object

Object
in func
The c3
record.

table attribute of the‘corresponding property has the value false. Immutable bindings do not exist for
environment records:

environment.records can be configured to provide their binding object as an implicit this value for use
ion calls.¢This capability is used to specify the behaviour of With Statement (12.10) induced bindings.
pability<isscontrolled by a provideThis Boolean value that is associated with each object environment
By default, the value of provideThis is false for any object environment record.

The bd

following algorithms.

10.2.1.2.1 HasBinding(N)

The concrete Environment Record method HasBinding for object environment records determines if its
associated binding object has a property whose name is the value of the argument N:

1. Let envRec be the object environment record for which the method was invoked.
2. Let bindings be the binding object for envRec.
3. Return the result of calling the [[HasProperty]] internal method of bindings, passing N as the property name.
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10.2.1.2.2 CreateMutableBinding (N, D)

The concrete Environment Record method C reateMutableBinding for object environment records creates in
an environment record’s associated binding object a property whose name is the String value and initialises it
to the value undefined. A property named N must not already exist in the binding object. If Boolean argument
D is provided and has the value true the new property’s [[Configurable]] attribute is set to true, otherwise it is

set to false.

1. LetenvRec be the object environment record for which the method was invoked.

2. Let pindings be the bimding object for envRec.

3. Assert: The result of calling the [[HasProperty]] internal method of bindings, passing N as the propert
name, is false.

4. If Dis true then let configValue be true otherwise let configValue be false.

5. Call the [[DefineOwnProperty]] internal method of bindings, passing N, Property Descriptor
{[[Value]]:undefined, [[Writable]]: true, [[Enumerable]]: true , [[Configurable]]: config\alue}, and
arguments.

10.2.1.2.3 SetMutableBinding (N,V,S)

The concrete Environment Record method SetMutableBinding for object environment records attempt
the value of the environment record’s associated binding object’s property’whose name is the valug
argument N to the value of argument V. A property named N should already exist but if it does not o
currently writable, error handling is determined by the value of the Boolean argument S.

1. Let envRec be the object environment record for which the method was invoked.
2. Let bindings be the binding object for envRec.
3. Call the [[Put]] internal method of bindings with arguments N, V, and S.

10.2.1.24 GetBindingValue(N,S)

The concrete Environment Record method GetBindingValue for object environment records returns th
of its associated binding object’s property whose name is the String value of the argument identifier
property should already exist but if it does, not the result depends upon the value of the S argument:

1. LetenvRec be the object environment record for which the method was invoked.
2. Let bindings be the binding objectfor envRec.
3. Let value be the result of calling the [[HasProperty]] internal method of bindings, passing N as the prg
name.
4. If value is false, then
a. |IfSis false] return the value undefined, otherwise throw a ReferenceError exception.
5. Return the result@fycalling the [[Get]] internal method of bindings, passing N for the argument.

10.2.1.2.5 DeleteBinding (N)

The congrete Environment Record method De leteBinding for object environment records can only

true as

5 to set
of the
I is not

e value
N. The

perty

delete

bindings:that correspond to properties of the environment object whose [[Configurable]] attribute hgve the

value true.

1.1 et envRec be the object environment record for which the method was invoked

2. Let bindings be the binding object for envRec.

3. Return the result of calling the [[Delete]] internal method of bindings, passing N and false as arguments.

10.2.1.2.6 ImplicitThisValue()
Object Environment Records return undefined as their ImplicitThisValue unless their provideThis flag is
1. LetenvRec be the object environment record for which the method was invoked.

2. If the provideThis flag of envRec is true, return the binding object for envRec.
3. Otherwise, return undefined.
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10.2.2 Lexical Environment Operations

The following abstract operations are used in this specification to operate upon lexical environments:

10.2.2.1 GetldentifierReference (lex, name, strict)

The abstract operation GetldentifierReference is called with a Lexical Environment lex, an identifier String
name, and a Boolean flag strict. The value of lex may be null. When called, the following steps are performed:

1. If Iexis the value null, then

a. Return a value of type Reference whose base value is undefined, whose referenced name is name,
and whose strict mode flag is strict.

Lef envRec be lex’s environment record.

Lef exists be the result of calling the HasBinding(N) concrete method of envRec passing name as,the

argument N.

4. |If gxists is true, then

a. Return a value of type Reference whose base value is envRec, whose referenced name is name, and
whose strict mode flag is strict.

wmn

5. Elge
a. Let outer be the value of lex’s outer environment reference.
b. Return the result of calling GetldentifierReference passing outer, name, and strict as arguments.

10.2.2.2 NewDeclarativeEnvironment (E)

When the abstract operation NewDeclarativeEnvironment is called with either a Lexical Environment or null
as argyment E the following steps are performed:

Lef env be a new Lexical Environment.

Lef envRec be a new declarative environment record containing no bindings.
Sefl env’s environment record to be envRec.

Sef the outer lexical environment reference of env to-E.

Return env.

agrwdE

10.2.2.3 NewObjectEnvironment (O, E)

When the abstract operation NewObjectEnvironment is called with an Object O and a Lexical Environment E
(or nul|) as arguments, the following-steps are performed:

Lef env be a new Lexical Epvirohment.

Lef envRec be a new objectienvironment record containing O as the binding object.
Sefl env’s environment-récord to be envRec.

Sef the outer lexicalenvironment reference of env to E.

Refurn env.

grwbdE

10.2.3 | The Global Environment

The glpbal~environment is a unique Lexical Environment which is created before any ECMAScript code is
executedThe global env ironment’s Environment Record is an object environment record whose binding

object is the global object (15.7). The global environment’s outer environment reference is null.

As ECMAScript code is executed, additional properties may be added to the global object and the initial
properties may be modified.

10.3 Execution Contexts
When control is transferred to ECMAScript executable code, control is entering an execution context. Active

execution contexts logically form a stack. The top execution context on this logical stack is the running
execution context. A new execution context is created whenever control is transferred from the executable
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code associated with the currently running execution context to executable code that is not associated with
that execution context. The newly created execution context is p ushed onto the stack and becomes the
running execution context.

An execution context contains whatever state is necessary to track the execution progress of its associated
code. In addition, each execution context has the state components listed in Table 19.

Table 19 —Execution Context State Components

Component Purpose N

LexicalEnvironment Identifies the Lexical Environment used to resolve identifier referenceg
made by code within this execution context.

VariableEnvironment Identifies the Lexical Environment whose environment recerd holdg

bindings created by VariableStatements and FunctionDeclarations withip
this execution context.

ThisBinding The value associated with the this keyword within)ECMAScript cod
associated with this execution context.

7

The LexicalEnvironment and VariableEnvironment components of an-éxecution context are always |Lexical
Environments. When an execution context is created its LexicalEnvironment and VariableEnvirpnment
components initially have the same value. The value of the VariableEnvironment component never changes
while the value of the LexicalEnvironment component may<change during execution of code within an
execution context.

In most situations only the running execution context({the top of the execution context stack) is dl irectly
manipulated by algorith ms within this specification. Hence when the terms “LexicalEnviropment”,
“VariableEnvironment” and “ThisBinding” are uséd without qualification they arein reference td those
components of the running execution context.

An execution context is purely a specification’ mechanism and need not correspond to any particular artefact
of an ECMAScript implementation. Itis:-impossible for an ECMAScript program to access an e xpcution
context.

10.3.1 Identifier Resolution

Identifier resolution is the ‘process of determining the binding of an Identifier using the LexicalEnvironinent of
the running execution) context. During execution of ECMAScript code, the syntactic propuction
PrimaryExpression : ddentifier is evaluated using the following algorithm:

1. Let env bg-the’running execution context’s LexicalEnvironment.
2. If the syntactic production that is being evaluated is contained in a strict mode code, then let strict be frue,

else let'strict be false.
3. Returnthe result of calling GetldentifierReference function passing env, Identifier, and strict as arguments.

Theresult of evaluating an identifier is always a value of type Reference with its referenced name component
equal to the Identifier String.

10.4 Establishing an Execution Context

Evaluation of global code or code using the eval function (15.1.2.1) establishes and enters a new execution
context. Every invocation of an ECMAScript code function (13.2.1) also establishes and enters a new
execution context, even if a function is calling itself recursively. Every return exits an execution context. A
thrown exception may also exit one or more execution contexts.
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When control enters an execution context, the execution context’s ThisBinding is set, its VariableEnvironment
and initial LexicalEnvironment are defined, and declaration binding instantiation (10.5) is performed. The exact
manner in which these actions occur depend on the type of code being entered.

10.4.1 Entering Global Code

The following steps are performed when control enters the execution context for global code:

1. Initialise the execution context ||<ing the glnhal caode as described in 104 11

2. Peffform Declaration Binding Instantiation as described in 10.5 using the global code.
10.4.1/1 Initial Global Execution Context
The following steps are performed to initialise a global execution context for ECMAScript code C:

1. Seflthe VariableEnvironment to the Global Environment.
2. Seflthe LexicalEnvironment to the Global Environment.
3. Sefthe ThisBinding to the global object.

10.4.2 | Entering Eval Code
The following steps are performed when control enters the execution context for’eval code:

1. If there is no calling context or if the eval code is not being evaluated by“a direct call (15.1.2.1.1) to the eval
function then,

a. Initialise the execution context as if it was a global exeéution context using the eval code as C as
described in 10.4.1.1.

2. Elge,

a. Set the ThisBinding to the same value as the ThisBinding of the calling execution context.

b. Set the LexicalEnvironment to the same value'as the LexicalEnvironment of the calling execution
context.

c. Setthe VariableEnvironment to the same‘value as the VariableEnvironment of the calling execution
context.

3. If the eval code is strict code, then

a. LetstrictVarEnv be the result of\calling NewDeclarativeEnvironment passing the
LexicalEnvironment as the argument.

b. Set the LexicalEnvironment:to strictVarEnv.

c. Set the VariableEnvironment to strictVarEnv.

4. Pefform Declaration Binding.Instantiation as described in 10.5 using the eval code.

10.4.21 Strict Mode Restrictions

The eval code cannof instantiate variable or function bindings in the variable environment of the calling
contex{ that invoked the eval if either the code of the calling context or the eval code is strict code. Instead
such bindings are'instantiated in a new VariableEnvironment that is only accessible to the eval code.

10.4.3 | Entering Function Code

The following steps are performed when control enters the execution context for function code contained in
function object F, a caller provided thisArg, and a caller provided argumentsList:

If the function code is strict code, set the ThisBinding to thisArg.

Else if thisArg is null or undefined, set the ThisBinding to the global object.

Else if Type(thisArg) is not Object, set the ThisBinding to ToObject(thisArg).

Else set the ThisBinding to thisArg.

Let localEnv be the result of calling NewDeclarativeEnvironment passing the value of the [[Scope]] internal
property of F as the argument.

6. Set the LexicalEnvironment to localEnv.

ogrwdE
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~

Set the VariableEnvironment to localEnv.
Let code be the value of F’s [[Code]] internal property.

®

9. Perform Declaration Binding Instantiation using the function code code and argumentsList as described in

10.5.

10.5 Declaration Binding Instantiation

Every execution context has an associated VariableEnvironment. Variables and functions declared in
ECMAScript code evaluated in an execution context are added as bindings in that VariableEnvironment’s

Environment Record. For function code, parameters are also added as bindings to that Environment Rgcord.

Which Environment Record is used to bind a declaration and its kind depends upon the type ofECM
code executed by the execution context, but the remainder of the behaviour is generic/Onente
execution context, bindings are created in the VariableEnvironment as follows using the_¢aller provid
and, if it is function code, argument List args:

AScript
ing an
bd code

1. Letenv be the environment record component of the running execution context’s(VariableEnvironmert.
2. If code is eval code, then let configurableBindings be true else let configurableBindings be false.
3. If code is strict mode code, then let strict be true else let strict be false.
4. If code is function code, then
a. Let func be the function whose [[Call]] internal method initiated\execution of code. Let name$ be
the value of func’s [[FormalParameters]] internal property.
b. LetargCount be the number of elements in args.
c. Letn be the number 0.
d. For each String argName in names, in list order do
i. Let n be the current value of n plus 1.
ii. If n is greater than argCount, let v be undefined otherwise let v be the value of the nf{th
element of args.
iii. Let argAlreadyDeclared be the result of calling env’s HasBinding concrete method ppssing
argName as the argument.
iv. If argAlreadyDeclared is false; call env’s CreateMutableBinding concrete method papsing

argName as the argument:
V. Call env’s SetMutableBinding concrete method passing argName, v, and strict as the
arguments.
5. For each FunctionDeclaration f in ¢ode, in source text order do
a. Let fn be the Identifier-in FunctionDeclaration f.
b. Let fo be the result.ofsinstantiating FunctionDeclaration f as described in Clause 13.

c. Let funcAlreadyDeclared be the result of calling env’s HasBinding concrete method passing fh as

the argument.

d. If funcAlreadyDeclared is false, call env’s CreateMutableBinding concrete method passing fnl and

configurableBindings as the arguments.
e. Else ifenv is the environment record component of the global environment then
i Let go be the global object.
i Let existingProp be the resulting of calling the [[GetProperty]] internal method of go
argument fn.
iii. If existingProp .[[Configurable]] is true, then
1. Call the [[DefineOwnProperty]] internal method of go, passing fn, Property

Descriptor {[[\Value]]: undefined, [[Writable]]: true, [[Enumerable]]: true,
[[Configurable]]: configurableBindings }. and true as arguments

with

iv. Else if IsAccessorDescriptor(existingProp) or existingProp does not have attribute values

{[[Writable]]: true, [[Enumerable]]: true}, then
1. Throw a TypeError exception.
f. Call env’s SetMutableBinding concrete method passing fn, fo, and strict as the arguments.
6. Let argumentsAlreadyDeclared be the result of calling env’s HasBinding concrete method passing
"farguments' as the argument.
7. If code is function code and argumentsAlreadyDeclared is false, then

a. Let argsObj be the result of calling the abstract operation CreateArgumentsObject (10.6) passing

func, names, args, env and strict as arguments.
b. If strictis true, then
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10.6 A

When

i Call env’s CreatelmmutableBinding concrete method passing the String "arguments" as
the argument.

ii. Call env’s InitializelmmutableBinding concrete method passing "arguments” and
argsObj as arguments.

i Call env’s CreateMutableBinding concrete method passing the String "arguments" as the
argument.
ii. Call env’s SetMutableBinding concrete method passing "arguments", argsObj, and false
as arguments.

Fo

each VariableDeclaration and VariableDeclarationNoln d in code, in source text order do
a. Letdn be the Identifier in d.
b. LetvarAlreadyDeclared be the result of calling env’s HasBinding concrete method passing dmas’the
argument.
c. IfvarAlreadyDeclared is false, then
i Call env’s CreateMutableBinding concrete method passing dn and configurableBindings as
the arguments.
ii. Call env’s SetMutableBinding concrete method passing dn, undefined, and strict as the
arguments.

Arguments Object

control enters an exec ution context for fu nction code, an arguments-object is created unless (as

specifigd in 10.5) the identifier arguments occurs as an lIdentifier in the“function’s FormalParameterList or

occurs

as the Identifier of a VariableDeclaration or FunctionDeclaration céntained in the function code.

The arguments object is created by calling the abstract operation CreateArgumentsObject with arguments func

the fun
names
functio
Create
1. Le
2. Le
3. Set
4, Sef
5. Le
6. Set
7. Ca
{[I
8. Lef
the
9. Lef
10. Let
11. Re
60

ction object whose code is to be evaluated, names a_List containing the function’s formal parameter
args the actual arguments passed to the [[Call]] internal' method, env the variable environment for the
h code, and strict a Boolean that in dicates whether or not the function code is strict code. When
A\rgumentsObject is called the following steps are performed:

len be the number of elements in args.

obj be the result of creating a new ECMASegript object.

all the internal methods of obj as specified in 8.12.

the [[Class]] internal property of obj'to’""Arguments".

Object be the standard built-in Object constructor (15.2.2).

the [[Prototype]] internal property of obj to the standard built-in Object prototype object (15.2.4).
| the [[DefineOwnProperty]] internal method on obj passing "'length™, the Property Descriptor
Value]]: len, [[Writablel}~trUe, [[Enumerable]]: false, [[Configurable]]: true}, and false as arguments.
map be the result of ¢feating a new object as if by the expression new Object() where Object is
standard built-in constructor with that name

mappedNames ke“an empty List.

indx = len - %,
beat while indx>= 0,

a. Letwalbe the element of args at 0-origined list position indx.

b. Gall the [[DefineOwnProperty]] internal method on obj passing ToString(indx), the property

descriptor {[[Value]]: val, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and

false as arguments.

c. Ifindx is less than the number of elements in names, then
i Let name be the element of names at 0-origined list position indx.
ii. If strict is false and name is not an element of mappedNames, then
1. Add name as an element of the list mappedNames.
2. Let g be the result of calling the MakeArgGetter abstract operation with arguments
name and env.
3. Let p be the result of calling the MakeArgSetter abstract operation with arguments
name and env.
4. Call the [[DefineOwnProperty]] internal method of map passing ToString(indx), the
Property Descriptor {[[Set]]: p, [[Get]]: g, [[Configurable]]: true}, and false as
arguments.
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d. Letindx=indx-1
12. If mappedNames is not empty, then
a. Set the [[ParameterMap]] internal property of obj to map.
b. Set the [[Get]], [[GetOwnProperty]], [[DefineOwnProperty]], and [[Delete]] internal methods of obj
to the definitions provided below.
13. If strict is false, then
a. Call the [[DefineOwnProperty]] internal method on obj passing "cal lee", the property descriptor
{[[\Value]]: func, [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: true}, and false as
arguments.

T4 Efse, SrictiS trug S0

a. Letthrower be the [[ThrowTypeError]] function Object (13.2.3).

b. Call the [[DefineOwnProperty]] internal method of obj with arguments ""cal ler",
PropertyDescriptor {[[Get]]: thrower, [[Set]]: thrower, [[Enumerable]]: false, [[Configurable
false}, and false.

c. Call the [[DefineOwnProperty]] internal method of obj with arguments "*cal 1eg™,
PropertyDescriptor {[[Get]]: thrower, [[Set]]: thrower, [[Enumerable]]: false, [{Configurable
false}, and false.

15. Return obj

The abstract operation MakeArgGetter called with String name and environment record env creates a flunction
object that when executed returns the value bound for name in env. It performs the following steps:

—

—

1. Let body be the result of concatenating the Strings "return ", names-and ";".
2. Return the result of creating a function object as described in 13:2'using no FormalParameterList, bogly for
FunctionBody, env as Scope, and true for Strict.

The abstract operation MakeArgSetter called with String name-'and environment record env creates a flunction
object that when executed sets the value bound for name_ in‘env. It performs the following steps:

1. Let param be the String name concatenated with the*String "_arg".
2. Let body be the String ""<name> = <param>;* with <name> replaced by the value of name and <pafam>
replaced by the value of param.
3. Return the result of creating a function oliject as described in 13.2 using a List containing the single Sgring
param as FormalParameterList, body.for FunctionBody, env as Scope, and true for Strict.

The [[Get]] internal method of an arguments object for a non-strict mode function with formal parameters when
called with a property name P performs the following steps:

1. Let map be the value of.the) [[ParameterMap]] internal property of the arguments object.
2. Let isMapped be the result of calling the [[GetOwnProperty]] internal method of map passing P as thg
argument.
3. If the value of isMapped is undefined, then
a. Letvberthe result of calling the default [[Get]] internal method (8.12.3) on the arguments objlect
passing P as the argument.
b. «JfPis "caller™ andv isa strict mode Function object, throw a TypeError exception.
e, yReturn v.
4. Else;map contains a formal parameter mapping for P so,
a. Return the result of calling the [[Get]] internal method of map passing P as the argument.

The [[GetOwnProperty]] internal method of an arguments object for a no n-strict mode function with| formal

parameters when called with a property name P performs the following steps:

1. Let desc be the result of calling the default [[GetOwnProperty]] internal method (8.12.1) on the arguments
object passing P as the argument.

2. If desc is undefined then return desc.

3. Let map be the value of the [[ParameterMap]] internal property of the arguments object.

4. Let isMapped be the result of calling the [[GetOwnProperty]] internal method of map passing P as the
argument.

5. If the value of isMapped is not undefined, then

a. Set desc.[[Value]] to the result of calling the [[Get]] internal method of map passing P as the
argument.
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6. Return desc.

The [[DefineOwnProperty]] internal method of an arguments object for a non-strict mode function with formal
parameters when called with a property name P, Property Descriptor Desc, and Boolean flag Throw performs
the following steps:

1. Let
2. Let
arg

6. Re

The [[C
when g

1. Le
2. Le
arg
3. Lef
pag

4. If fesultis true and the value of isMapped is not.undefined, then

5. Re
NOTE 1

whose numeric name values are less than the number of formal parameters of the corresponding function object initially

share tt]
the proj
such a
function
there is

NOTE 2
corresp
not dire
such ob

NOTE 3
"calle

map be the value of the [[ParameterMap]] internal property of the arguments object.
isMapped be the result of calling the [[GetOwnProperty]] internal method of map passing P as the
ument.

llowed is false, then
a. If Throw is true then throw a TypeError exception, otherwise return false.
e value of isMapped is not undefined, then
a. If IsAccessorDescriptor(Desc) is true, then
i Call the [[Delete]] internal method of map passing P, and false as the arguments:

b. Else
i. If Desc.[[Value]] is present, then
1. Call the [[Put]] internal method of map passing P, Desc.[[Valug]], and Throw as the
arguments.
ii. If Desc.[[Writable]] is present and its value is false, then
1. Call the [[Delete]] internal method of map passing P.and false as arguments.
urn true.

elete]] internal method of an arguments object for a non-strict mode function with formal parameters
alled with a property name P and Boolean flag Throw performs the following steps:

map be the value of the [[ParameterMap]] internal property“ef'the arguments object.

isMapped be the result of calling the [[GetOwnProperty]]}internal method of map passing P as the
ument.

result be the result of calling the default [[Delete]] internal method (8.12.7) on the arguments object
sing P and Throw as the arguments.

a. Call the [[Delete]] internal method of map“passing P, and false as the arguments.
urn result.

For non-strict mode functions the array index (defined in 15.4) named data properties of an arguments object

eir values with the corresponding argument bindings in the function’s execution context. This means that changing
erty changes the corresponding value of the argument binding and vice-versa. This correspondence is broken if
property is deleted and then(redefined or if the property is changed into an accessor property. For strict mode
s, the values of the arguments object’s properties are simply a copy of the arguments passed to the function and
no dynamic linkage between'the property values and the formal parameter values.

The ParametefMap object and its property values are used as a device for specifying the arguments object
bndence to arggment bindings. The ParameterMap object and the objects that are the values of its properties are
ctly accessibleyfrom ECMAScript code. An ECMAScript implementation does not need to actually create or use
ects to implement the specified semantics.

Arguments objects for strict mode functions define non-configurable accessor properties named "cal ler" and
b'"Which throw a TypeError exception on access. The "cal lee" property has a more specific meaning for non-

strict m

bdéfunctions-and-a—caller ' oropertvhas-historicalhrbeesn-provided-as—-an-molementation-defined-extension-b\
ProporTYy 4 P L Y

some E
defined
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CMAScript implementations. The strict mode definition of these properties exists to ensure that neither of them is
in any other manner by conforming ECMAScript implementations.
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11 Expressions
11.1 Primary Expressions

Syntax

PrimaryExpression :
this
Identifier

Literal
ArrayLiteral
ObijectLiteral
( Expression )

11.1.1 The this Keyword

The this keyword evaluates to the value of the ThisBinding of the current execution‘context.

11.1.2 Identifier Reference

An Identifier is evaluated by performing Identifier Resolution as specified in 10.3.1. The result of evalug
Identifier is always a value of type Reference.

11.1.3 Literal Reference

A Literal is evaluated as described in 7.8.

11.1.4 Array Initialiser

An array initialiser is an expression describing the initialisation of an Array object, written in a form of 3
It is a list of zero or more expressionsy-each of which represents an array element, enclosed in
brackets. The elements need not be literals; they are evaluated each time the array initialiser is evaluat

ting an

literal.
square
pd.

Array elements may be elided at the beginning, middle or end of the element list. Whenever a commI in the

element list is not preceded-by an AssignmentExpression (i.e., a comma at the beginning or after
comma), the missing array-€lement contributes to the length of the Array and inc reases the ir
subsequent elements. Elided array elements are not defined. If an element is elided at the end of arj
that element does not-contribute to the length of the Array.

Syntax

ArrayLiterals:
[ <Elisiongp: 1
[ ElementList ]
[ ElementList , Elisiong: 1

nother
dex of
array,

Efememttists

Elisiongp: AssignmentExpression

ElementList , Elisiongg: AssignmentExpression
Elision :

Elision ,
Semantics

The production ArrayLiteral : [ Elision,,: ] is evaluated as follows:
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1. Letarray be the result of creating a new object as if by the expression new Array() where Array is
the standard built-in constructor with that name.

Let pad be the result of evaluating Elision; if not present, use the numeric value zero.

Call the [[Put]] internal method of array with arguments "length", pad, and false.

4. Return array.

w

The production ArrayLiteral : [ ElementList ] is evaluated as follows:

1. Return the result of evaluating ElementList.

The production ArrayLiteral : [ ElementList , Elisionyy, ] is evaluated as follows:

Lef array be the result of evaluating ElementList.

Le{ pad be the result of evaluating Elision; if not present, use the numeric value zero.

Lef len be the result of calling the [[Get]] internal method of array with argument " length'

Call the [[Put]] internal method of array with arguments " length™, ToUint32(pad+len), and false.
Return array.

agrwdE

The production ElementList : Elisiony, AssignmentExpression is evaluated as follows:

1. Lefarray be the result of creating a new object as if by the expression new Array() where Array is
the| standard built-in constructor with that name.

Lef firstindex be the result of evaluating Elision; if not present, use the ntunheric value zero.

Lef initResult be the result of evaluating AssignmentExpression.

Lef initValue be GetValue(initResult).

Call the [[DefineOwnProperty]] internal method of array with arguments ToString(firstindex), the Property
Degcriptor { [[Value]]: initValue, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and
fale.

6. Refurn array.

akrwd

The production ElementList : ElementList , Elisiony, AssignmentExpression is evaluated as follows:

Lef array be the result of evaluating ElementList.

Le{ pad be the result of evaluating Elision;:if_.not present, use the numeric value zero.

Lef initResult be the result of evaluating(AssignmentExpression.

Lef initValue be GetValue(initResult).

Lef len be the result of calling the [[Get]] internal method of array with argument "length".

Call the [[DefineOwnProperty]] internal method of array with arguments ToString(ToUint32((pad+len)) and
the| Property Descriptor { [[Valu€]]: initvalue, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]:
trye}, and false.

7. Return array.

oahrwNE

The prpduction Elision’s.; is evaluated as follows:
1. Refurn the numeric value 1.

The production-'Elision : Elision, is evaluated as follows:

1. Le Inrnr‘nr{ing be the result of n\/:\llmfing Elision

2. Return preceding+1.
NOTE [[DefineOwnProperty]] is used to ensur e that own properties are defined for the array even if the standard

built-in Array prototype object has been modified in a manner that would preclude the creation of new own properties
using [[Put]].
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11.1.5 Object Initialiser

An object initialiser is an expression describing the initialisation of an Object, written in a form re sem

bling a

literal. It is a list of zero or more pairs of property names and associated values, enclosed in curly braces. The

values need not be literals; they are evaluated each time the object initialiser is evaluated.

Syntax
ObijectLiteral :
£

CJ
{ PropertyNameAndValueList }
{ PropertyNameAndValueList , }

PropertyNameAndValueList :
PropertyAssignment
PropertyNameAndValueList , PropertyAssignment

PropertyAssignment :
PropertyName - AssignmentExpression
get PropertyName ( ) { FunctionBody }
set PropertyName ( PropertySetParameterList ) { FunctionBody “}

PropertyName :
ldentifierName
StringLiteral
NumericLiteral

PropertySetParameterList :
Identifier

Semantics

The production ObjectLiteral : { } is evaluated as follows:

1. Return a new object created as if by the expression new Object() where Object is the standard
in constructor with that name.

The productions ObjectLiteral{" PropertyNameAndValueList } and
ObjectLiteral : { PropertyNameAndValueList ,} are evaluated as follows:

1. Return the result@©f,evaluating PropertyNameAndValueList.

The production{PropertyNameAndValueList : PropertyAssignment is evaluated as follows:

1. Let obj be the result of creating a new object as if by the expression new Object() where Objec
standard built-in constructor with that name.

2. Lsetopropld be the result of evaluating PropertyAssignment.
3.7 Call the [[DefineOwnProperty]] internal method of obj with arguments propld.name, propld.descriptd

built-

k is the

r, and

false.

4. Return obj.

The production
PropertyNameAndValueList : PropertyNameAndValueList , PropertyAssignment
is evaluated as follows:

1. Let obj be the result of evaluating PropertyNameAndValueList.

2. Let propld be the result of evaluating PropertyAssignment.

3. Let previous be the result of calling the [[GetOwnProperty]] internal method of obj with argument
propld.name.

4. If previous is not undefined then throw a SyntaxError exception if any of the following conditions a
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a. This production is contained in strict code and IsDataDescriptor(previous) is true and
IsDataDescriptor(propld.descriptor) is true.

b. IsDataDescriptor(previous) is true and IsAccessorDescriptor(propld.descriptor) is true.

IsAccessorDescriptor(previous) is true and IsDataDescriptor(propld.descriptor) is true.

d. IsAccessorDescriptor(previous) is true and IsAccessorDescriptor(propld.descriptor) is true and
either both previous and propld.descriptor have [[Get]] fields or both previous and propld.descriptor
have [[Set]] fields

5. Call the [[DefineOwnProperty]] internal method of obj with arguments propld.name, propld.descriptor, and
false.

o

6. Refurmoby:

If the gbove steps would throw a SyntaxError then an implementation must treat the error as an earlyerror
(Claus¢ 16).

The production PropertyAssignment : PropertyName - AssignmentExpression is evaluated as follows

Le{ propName be the result of evaluating PropertyName.

Lef exprValue be the result of evaluating AssignmentExpression.

Le{ propValue be GetValue(exprValue).

Le{ desc be the Property Descriptor{[[Value]]: propValue, [[Writable]]: true, [[Enumerable]]: true,
[[Qonfigurable]]: true}

5. Refurn Property ldentifier (propName, desc).

PoONPE

The prpduction PropertyAssignment : get PropertyName ( ) { FunctionBady, *} is evaluated as follows:

1. LetpropName be the result of evaluating PropertyName.

2. Le{closure be the result of creating a new Function object as specified in 13.2 with an empty parameter list
ang body specified by FunctionBody. Pass in the LexicalEnvironment of the running execution context as the
Scqpe. Pass in true as the Strict flag if the PropertyAssignment is contained in strict code or if its
FupctionBody is strict code.

3. Le{desc be the Property Descriptor{[[Get]]: closure, [[Enumerable]]: true, [[Configurable]]: true}

4. Return Property ldentifier (propName, desc).

The prpduction PropertyAssignment : set PropertyName ( PropertySetParameterList ) { FunctionBody } is
evaluafed as follows:

1. LefpropName be the result of evaluating PropertyName.

2. Letfclosure be the result of creating'a new Function object as specified in 13.2 with parameters specified by
PropertySetParameterList and(bady specified by FunctionBody. Pass in the LexicalEnvironment of the
rurjning execution context as'the Scope. Pass in true as the Strict flag if the PropertyAssignment is contained
in gtrict code or if its FudctionBody is strict code.

3. Le{ desc be the Property~Descriptor{[[Set]]: closure, [[Enumerable]]: true, [[Configurable]]: true}

4. Return Property ldentifier (propName, desc).

It is a|SyntaxErrorif the lIdentifier ""eval® or the Identifier "*arguments' occurs as the ldentifier in a
PropertySetParameterList of a PropertyAssignment that is contained in strict code or if its FunctionBody is strict code.

The peruction PropertyName : IdentifierName is evaluated as follows:

1. Return the String value containing the same sequence of characters as the IdentifierName.
The production PropertyName : StringLiteral is evaluated as follows:

1. Return the SV of the StringLiteral.

The production PropertyName : NumericLiteral is evaluated as follows:

1. Let nbr be the result of forming the value of the NumericLiteral.
2. Return ToString(nbr).
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11.1.6 The Grouping Operator
The production PrimaryExpression : ( Expression ) is evaluated as follows:

1. Return the result of evaluating Expression. This may be of type Reference.

NOTE This algorithm does not apply GetValue to the result of evaluating Expression. The principal motivation for this
is so that operators such as delete and typeof may be applied to parenthesised expressions.

11.2 Left-Hand-Side Expressions

Syntax

MemberExpression :
PrimaryExpression
FunctionExpression
MemberExpression [ Expression ]
MemberExpression . IdentifierName
new MemberExpression Arguments

NewEXxpression :
MemberExpression
new NewExpression

CallExpression :
MemberExpression Arguments
CallExpression Arguments
CallExpression [ Expression ]
CallExpression . ldentifierName

Arguments :

O
( ArgumentList )

ArgumentList :

AssignmentExpression

ArgumentList , AssignmentExpression
LeftHandSideExpression :

NewEXxpression
CallExpression

11.2.1 Propérty’Accessors
Properties,are accessed by name, using either the dot notation:

MemberExpression . IdentifierName
CallExpression . IdentifierName

or the bracket notation:

MemberExpression [ Expression ]
CallExpression [ Expression ]

The dot notation is explained by the following syntactic conversion:
MemberExpression . IdentifierName

is identical in its behaviour to
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MemberExpression [ <identifier-name-string> ]
and similarly

CallExpression . IdentifierName
is identical in its behaviour to

CallExpression [ <identifier-name-string> ]

where <identifier-name-string> is a string literal containing the same sequence of characters after processing
of Unicesd neneacactho ldantifingNoma

Bo-—GoOH-L o
e e oo p CSCOuUtCC STo e TuC Tt e Vo ticT

The prpduction MemberExpression : MemberExpression [ Expression ] is evaluated as follows:

Le{ baseReference be the result of evaluating MemberExpression.

Le{ baseValue be GetValue(baseReference).

Le{ propertyNameReference be the result of evaluating Expression.

Le{ propertyNameValue be GetValue(propertyNameReference).

Call CheckObjectCoercible(baseValue).

Le{ propertyNameString be ToString(propertyNameValue).

If the syntactic production that is being evaluated is contained in strict mode code,\let strict be true, else let
strict be false.

8. Refurn a value of type Reference whose base value is baseValue and whose referenced name is
prdpertyNameString, and whose strict mode flag is strict.

NogaprwbhRE

The production CallExpression : CallExpression [ Expression ] is evaluated in exactly the same manner, except
that thg contained CallExpression is evaluated in step 1.

11.2.2 | The new Operator
The production NewExpression : new NewExpression is evaluated as follows:

Lef ref be the result of evaluating NewExpressiont

Le{ constructor be GetValue(ref).

If Type(constructor) is not Object, throw a.TypeError exception.

If gonstructor does not implement the [[Construct]] internal method, throw a TypeError exception.
Return the result of calling the [[Construct]] internal method on constructor, providing no arguments (that
is, pn empty list of arguments).

agrwNE

The prpduction MemberExpression *-Anew MemberExpression Arguments is evaluated as follows:

Lef ref be the result of .evaluating MemberExpression.

Lef constructor be Get\alue(ref).

Lef argList be the‘nesult of evaluating Arguments, producing an internal list of argument values (11.2.4).

If Type(constructar) is not Object, throw a TypeError exception.

If qonstructotk does not implement the [[Construct]] internal method, throw a TypeError exception.

Refurn the'result of calling the [[Construct]] internal method on constructor, providing the list argList as th
argumenhtwalues.

ok~hwnE

@D

11.2.3 Function Calls
The production CallExpression : MemberExpression Arguments is evaluated as follows:

Let ref be the result of evaluating MemberExpression.
Let func be GetValue(ref).
Let argList be the result of evaluating Arguments, producing an internal list of argument values (see 11.2.4).
If Type(func) is not Object, throw a TypeError exception.
If IsCallable(func) is false, throw a TypeError exception.
If Type(ref) is Reference, then
a. If IsPropertyReference(ref) is true, then

akrwNE
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i. Let thisValue be GetBase(ref).
b. Else, the base of ref is an Environment Record
i. Let thisValue be the result of calling the ImplicitThisValue concrete method of
GetBase(ref).
7. Else, Type(ref) is not Reference.
a. LetthisValue be undefined.

8. Return the result of calling the [[Call]] internal method on func, providing thisValue as the this value and

providing the list argList as the argument values.

the contained CallExpression is evaluated in step 1.
NOTE The returned result will never be of type Reference if func is a native ECMAScript object. Whether

host object can return a value of type Reference is implementation-dependent. If a value of type Reference is ret
must be a non-strict Property Reference.

11.2.4 Argument Lists
The evaluation of an argument list produces a List of values (see 8.8).
The production Arguments : ( ) is evaluated as follows:

1. Return an empty List.

The production Arguments : ( ArgumentList ) is evaluated asfolfows:

1. Return the result of evaluating ArgumentList.

The production ArgumentList : AssignmentExpression_is evaluated as follows:
1. Let ref be the result of evaluating AssignmentExpression.

2. Letarg be GetValue(ref).

3. Return a List whose sole item is arg.

The production ArgumentList : ArgumentList , AssignmentExpression is evaluated as follows:

Let precedingArgs be the result of evaluating ArgumentList.

Let ref be the result of evaluating AssignmentExpression.

Let arg be GetValue(ref).

Return a List whase_length is one greater than the length of precedingArgs and whose items are the itq
precedingArgs, in-order, followed at the end by arg which is the last item of the new list.

el

11.2.5 Function Expressions
The production MemberExpression : FunctionExpression is evaluated as follows:

1,7'Return the result of evaluating FunctionExpression.

ept that

alling a
irned, it

ms of

11.3 Postfix Expressions

Syntax

PostfixExpression :
LeftHandSideExpression
LeftHandSideExpression [no LineTerminator here] ++
LeftHandSideExpression [no LineTerminator here] —-
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11.3.1 Postfix Increment Operator

The production PostfixExpression : LeftHandSideExpression [no LineTerminator here] ++ is evaluated as follows:

1. Let Ihs be the result of evaluating LeftHandSideExpression.

2. Throw a SyntaxError exception if the following conditions are all true:
. Type(lhs) is Reference is true

. IsStrictReference(lhs) is true

° Type(GetBase(lhs)) is Environment Record

3 GetReferencedName(lhs) is either ""eval™ or "arguments"
3. LetoldValue be ToNumber(GetValue(lhs)).

4. LefnewValue be the result of adding the value 1 to oldValue, using the same rules as for the + operator\(see
11)6.3).

Call PutValue(lhs, newValue).

Refurn oldValue.

oo

11.3.2 | Postfix Decrement Operator

The production PostfixExpression : LeftHandSideExpression [no LineTerminator here] —- jis'‘evaluated as follows:

1. LetIhs be the result of evaluating LeftHandSideExpression.

2. Thiow a SyntaxError exception if the following conditions are all true:
. Type(lhs) is Reference is true

. IsStrictReference(lhs) is true

. Type(GetBase(lhs)) is Environment Record

. GetReferencedName(lhs) is either "eval™ or "arguments"
3. Le{oldValue be ToNumber(GetValue(lhs)).

4. LefnewValue be the result of subtracting the value 1 from oldValue, using the same rules as for the -
opgrator (11.6.3).

Call PutValue(lhs, newValue).

Refurn oldValue.

o0

11.4 Unary Operators

Syntax

UnaryBxpression :
PostfixExpression

delete UnaryExpression
oid UnaryExpression
typeof UnaryExpression
++ UnaryExpression

-— UnaryExpression

+ UnaryExpression

- UnaryExpression

1 UnaryExpression
UnaryExpression

11.4.1 The delete Operator

The production UnaryExpression : de lete UnaryExpression is evaluated as follows:

1. Let ref be the result of evaluating UnaryExpression.

2. If Type(ref) is not Reference, return true.

3. If IsUnresolvableReference(ref) then,
a. |If IsStrictReference(ref) is true, throw a SyntaxError exception.
b. Else, return true.
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4. If IsPropertyReference(ref) is true, then

a. Return the result of calling the [[Delete]] internal method on ToObject(GetBase(ref)) providing

GetReferencedName(ref) and IsStrictReference(ref) as the arguments.
5. Else, ref is a Reference to an Environment Record binding, so
a. |If IsStrictReference(ref) is true, throw a SyntaxError exception.
b. Let bindings be GetBase(ref).
c. Return the result of calling the DeleteBinding concrete method of bindings, providing
GetReferencedName(ref) as the argument.

- n if its
UnaryExpression is a direct reference to a variable, function argument, or function name. In addition, if a delete, pperator
occurs within strict mode code and the property to be deleted has the attribute { [[Configurable]]: false },~a ‘TypeError
exception is thrown.
11.4.2 The void Operator
The production UnaryExpression : void UnaryExpression is evaluated as follows:
1. Let expr be the result of evaluating UnaryExpression.
2. Call GetValue(expr).
3. Return undefined.
NOTE GetValue must be called even though its value is not used because it may have observable side-effecty.
11.4.3 The typeoT Operator
The production UnaryExpression : typeof UnaryExpressianis evaluated as follows:
1. Letval be the result of evaluating UnaryExpression.
2. If Type(val) is Reference, then
a. If IsUnresolvableReference(val) is true, return "undefined".
b. Letval be GetValue(val).
3. Return a String determined by Type(val) according to Table 20.
Table 20 — typeof Operator Results
Typ(;_ @\T Result
Undefined “undefined"
Nutl "object"
Boolean ""boolean™
Number "number"*
String “'string"
Object (native and does “object™
not implement [[Call]])
Object (native or host and | "function"
dUUO ;IIIH:CIIIUI It [[Cﬂ::]])
Object (host and does not | Implementation-defined except may
implement [[Call]]) not be ""'undefined"”, "boolean",
"number"”, or “'string".
11.4.4 Prefix Increment Operator
The production UnaryExpression : ++ UnaryExpression is evaluated as follows:
1. Let expr be the result of evaluating UnaryExpression.
2. Throw a SyntaxError exception if the following conditions are all true:
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. Type(expr) is Reference is true
. IsStrictReference(expr) is true
. Type(GetBase(expr)) is Environment Record
. GetReferencedName(expr) is either ""eval™ or "arguments'’

3. Let oldValue be ToNumber(GetValue(expr)).

4. Let newValue be the result of adding the value 1 to oldValue, using the same rules as for the + operator (see

11.6.3).
5. Call PutValue(expr, newValue).
6. Return newValue.

11.4.5 | Prefix Decrement Operator
The production UnaryExpression : —— UnaryExpression is evaluated as follows:

1. Lefexpr be the result of evaluating UnaryExpression.

2. Thfow a SyntaxError exception if the following conditions are all true:

. Type(expr) is Reference is true

. IsStrictReference(expr) is true

. Type(GetBase(expr)) is Environment Record

. GetReferencedName(expr) is either ""eval™ or "arguments"

3. Le{oldValue be ToNumber(GetValue(expr)).

4. LefnewValue be the result of subtracting the value 1 from oldValue, usifig the same rules as for the -
opgrator (see 11.6.3).

5. Call PutValue(expr, newValue).

6. Refurn newValue.

@D

11.4.6 | Unary + Operator
The unpry + operator converts its operand to Number type:!
The prpduction UnaryExpression : + UnaryExpression.is’evaluated as follows:

1. Lefexpr be the result of evaluating UnaryExpression.
2. Refurn ToNumber(GetValue(expr)).

11.4.7 | Unary - Operator

The unary - operator convefts)its operand to Number type and then negates it. Note that negating +0
produces -0, and negating<0-produces +0.

The prpduction UnaryExpression : — UnaryExpression is evaluated as follows:

Lef expr be the result of evaluating UnaryExpression.

Lef oldValtebe ToNumber(GetValue(expr)).

If gldVvalue is NaN, return NaN.

Retfutmthe result of negating oldValue; that is, compute a Number with the same magnitude but opposite

sigim;

el N

11.4.8 Bitwise NOT Operator ( ~)
The production UnaryExpression : ~ UnaryExpression is evaluated as follows:

1. Let expr be the result of evaluating UnaryExpression.
2. LetoldValue be Tolnt32(GetValue(expr)).
3. Return the result of applying bitwise complement to oldValue. The result is a signed 32-bit integer.
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11.4.9 Logical NOT Operator ( !)

The production UnaryExpression : I UnaryExpression is evaluated as follows:

PwopdE

Let expr be the result of evaluating UnaryExpression.
Let oldValue be ToBoolean(GetValue(expr)).

If oldValue is true, return false.

Return true.

11.5 Multiplicative Operators

Syntax

MultiplicativeExpression :
UnaryExpression
MultiplicativeExpression * UnaryExpression
MultiplicativeExpression / UnaryExpression
MultiplicativeExpression % UnaryExpression

Semantics

The production MultiplicativeExpression : MultiplicativeExpression @ UnaryExpression, where @ stands for one

of the operators in the above definitions, is evaluated as follows:

NookwbhE

11.5.1 Applying the * Operator

Let left be the result of evaluating MultiplicativeExpression.
Let leftValue be GetValue(left).

Let right be the result of evaluating UnaryExpression.

Let rightValue be GetValue(right).

Let leftNum be ToNumber(leftvValue).

Let rightNum be ToNumber(rightValue).

Return the result of applying the specified operation (*, /, or %) to leftNum and rightNum. See the Notes
below 11.5.1, 11.5.2, 11.5.3.

The * operator performs multiplication, producing the product of its operands. Multiplication is commtative.

Multiplication is not always ass@ciative in ECMAScript, because of finite precision.

The result of a floa ting=point multiplication is governed by the rules of IEEE 754 binary double-precision

arithmetic:
[

If eithet-Operand is NaN, the result is NaN.

Thesign of the result is positive if bot h operands have the same sign, negative| if the
opérands have different signs.

Multiplication of an infinity by a zero results in NaN.

Multiplication of an infinity by an infinity results in an infinity. The sign is determined|by the
rule already stated above.

Multiplication of an infinity by a finite nonzero value results in a signed infinity. The |sign is

determined by the rule already stated above.

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

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

e If either operand is NaN, the result is NaN.

e The sign of the result is positive if b oth operands have the same sign, negative if t he
nlnnr:\nde have different eignq

11.5.3

The %
and the

NOTE
point o

The re

¢ Division of an infinity by an infinity results in NaN.

e Division of an infinity by a zero results in an infinity. The sign is determined by thé ‘yule
already stated above.

e Division of an infinity by a nonzero finite value results in a signed infinity. TheVsign is
determined by the rule already stated above.

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

e Division of a zero by a zero results in NaN; division of zero by any otherfinite value results
in zero, with the sign determined by the rule already stated above.

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

¢ In the remaining cases, where neither an infinity, nor a<zero, nor NaN is inv olved, the
quotient is computed and rounded to the nearest representable value using IEEE 754 round-
to-nearest mode. If the magnitude is too large to représent, the operation overflows; the
result is then an infinity of appropriate sign. If the magnitude is too small to represent, the
operation underflows and the result is a zero of the appropriate sign. The ECMAScript
language requires support of gradual underflow.as“defined by IEEE 754.

Applying the % Operator

pperator yields the remainder of its operands._from an implied division; the left operand is the dividend
right operand is the divisor.

In C and C++, the remainder operater ‘accepts only integral operands; in ECMAScript, it also accepts floating-
erands.

sult of a floating-point remainder operation as computed by the % operator is not the same as the

“remaider” operation defined by 1IEEE 754. The IEEE 754 “remainder” operation computes the remainder

from a
integer|
behavg
C libra

The re

rounding division, not a-trun'cating division, and so its behaviour is not analogous to that of the usual
remainder operator¢lhstead the ECMAScript language defines % on floating-point operations to
in a manner analogous to that of the Java integer remainder operator; this may be compared with the
y function fmod:

ult of an ECMAScript floating-point remainder operation is determined by the rules of IEEE arithmetic:
o If eithef operand is NaN, the result is NaN.
e The'sign of the result equals the sign of the dividend.

e~ If the dividend is an infinity, or the divisor is a zero, or both, the result is NaN.

74

¢ |If the dividend is finite and the divisor is an infinity, the result equals the dividend.

e |f the dividend is a zero and the divisor is nonzero and finite, the result is the same as the
dividend.

¢ In the remaining cases, where neither an infinity, nor a zero, nor NaN is inv olved, the
floating-point remainder r from a dividend n and a divisor d is defined by the mathematical
relation r =n - (d x q) where q is an integer that is negative only if n/d is negative and
positive only if n/d is positive, and whose magnitude is as large as possible without
exceeding the magnitude of the true mathematical quotient of n and d. r is computed and
rounded to the nearest representable value using IEEE 754 round-to-nearest mode.

© ISO/IEC 2011 — Al rights reserved



https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

11.6 Additive Operators

Syntax

AdditiveExpression :
MultiplicativeExpression
AdditiveExpression + MultiplicativeExpression
AdditiveExpression - MultiplicativeExpression

11.6.1 The Addition operator ( +)
The addition operator either performs string concatenation or numeric addition.
The production AdditiveExpression : AdditiveExpression + MultiplicativeExpression is evaluated\as follows:

Let Iref be the result of evaluating AdditiveExpression.

Let Ival be GetValue(lref).

Let rref be the result of evaluating MultiplicativeExpression.
Let rval be GetValue(rref).

Let Iprim be ToPrimitive(lval).

Let rprim be ToPrimitive(rval).

If Type(lprim) is String or Type(rprim) is String, then

NoopwbE

a. Return the String that is the result of concatenating ToStting(Iprim) followed by ToString(rprim)

8. Return the result of applying the addition operation to ToNumber(lprim) and ToNumber(rprim). See t
Note below 11.6.3.

NOTE 1 No hint is provided in the calls to ToPrimitive in steps”5 and 6. All native ECMAScript objects excq
objects handle the absence of a hint as if the hint Number were/given; Date objects handle the absence of a hint
hint String were given. Host objects may handle the absence of a hint in some other manner.

NOTE 2  Step 7 differs from step 3 of the comparison algorithm for the relational operators (11.8.5), by u
logical-or operation instead of the logical-and operation.

11.6.2 The Subtraction Operator ( ~.)
The production AdditiveExpression : AdditiveExpression — MultiplicativeExpression is evaluated as follows:

Let Iref be the result of evaluating AdditiveExpression.

Let Ival be GetValue(lref).

Let rref be the result of evaluating MultiplicativeExpression.

Let rval be Get\alue(rref).

Let Inum be TeNumber(lval).

Let rnum bexToNumber(rval).

Return thetresult of applying the subtraction operation to Inum and rnum. See the note below 11.6.3.

NogokwbhE

11.6.3_Applying the Additive Operators to Numbers

e

pt Date
bs if the

ing the

The + operator performs addition when applied to tw o operands of numeric type, producing the sumnj

of the

operands. The - operator performs subtraction, producing the difference of two numeric operands.
Addition is a commutative operation, but not always associative.

The result of an addition is determined using the rules of IEEE 754 binary double-precision arithmetic:
o |If either operand is NaN, the result is NaN.
e The sum of two infinities of opposite sign is NaN.
e The sum of two infinities of the same sign is the infinity of that sign.
¢ The sum of an infinity and a finite value is equal to the infinite operand.
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Syntax

ShiftExpression :

11.71

Perforr

The prduction ShiftExpression : ShiftExpression << AdditiveExpression is evaluated as follows:

C 16262:2011(E)

e The sum of two negative zeroes is —0. The sum of two positive zeroes, or of two zeroes of
opposite sign, is +0.

e The sum of a zero and a nonzero finite value is equal to the nonzero operand.

¢ The sum of two nonzero finite values of the same magnitude and opposite sign is +0.

¢ In the remaining cases, where neither an infinity, nor a zero, nor NaN is involved, and the
operands have the same sign or have different magnitudes, the sum is computed and
rounded to the nearest representable value using IEEE 754 round-to-nearest mode. If the
magnltude is too Iarge to represent, the operatlon overflows and the result is then an |nf|n|ty

deflned by IEEE 754

bperator performs subtraction when applied to two operands of numeric type, producing the difference
perands; the left operand is the minuend and the right operand is the subtrahend. Given!numeric
ds a and b, it is always the case that a—b produces the same result as a +(—b).

Bitwise Shift Operators

\dditiveExpression

hiftExpression << AdditiveExpression
hiftExpression >> AdditiveExpression
hiftExpression >>> AdditiveExpression

The Left Shift Operator ( <<)

hs a bitwise left shift operation on the left operand by:the amount specified by the right operand.

Iref be the result of evaluating ShiftExpression.

Ival be GetValue(lref).

rref be the result of evaluating AdditiveExpression.

rval be GetValue(rref).

Inum be Tolnt32(lval).

rnum be ToUint32(rval).

shiftCount be the result.of masking out all but the least significant 5 bits of rnum, that is, compute rnum
X1F.

urn the result of left shifting Inum by shiftCount bits. The result is a signed 32-bit integer.

The Signed.Right Shift Operator ( >>)

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

BEAGG s Chft e ncoinn Adcitinaly aluatad o

Th r o tH CShafio, QGol fall
e produetion-ShiftExpression-+-ShiftExpression>>AdditiveExpression-is-evatuated-as-follows:

Let Iref be the result of evaluating ShiftExpression.

Let Ival be GetValue(lref).

Let rref be the result of evaluating AdditiveExpression.

Let rval be GetValue(rref).

Let Inum be ToInt32(lval).

Let rnum be ToUint32(rval).

Let shiftCount be the result of masking out all but the least significant 5 bits of rnum, that is, compute rnum

& Ox1F.

1. Le

2. Le

3. Le

4, Le

5. Le

6. Lef

7. Lef
&

8. Re

11.7.2

Perforr

operan

1.

2.

3.

4,

5.

6.

7.

76

© ISO/IEC 2011 — Al rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

8. Return the result of performing a sign-extending right shift of Inum by shiftCount bits. The most significant
bit is propagated. The result is a signed 32-bit integer.

11.7.3 The Unsigned Right Shift Operator ( >>>)

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

The prndllr‘tinn thfﬂ:ylnrpccinn - thfﬂ:ylnrpccinn >>> Addifi\/prlnrp:cinn is evaluated as follows:

Let Iref be the result of evaluating ShiftExpression.
Let Ival be GetValue(lref).

Let rref be the result of evaluating AdditiveExpression.
Let rval be GetValue(rref).

Let Inum be ToUint32(lval).

Let rnum be ToUint32(rval).

Let shiftCount be the result of masking out all but the least significant 5 bits of rnum, that is, computg rnum
& Ox1F.
8. Return the result of performing a zero-filling right shift of Inum by shiftCount bits. VVacated bits are fijled
with zero. The result is an unsigned 32-bit integer.

NoakrwhE

11.8 Relational Operators

Syntax

RelationalExpression :
ShiftExpression
RelationalExpression < ShiftExpression
RelationalExpression > ShiftExpression
RelationalExpression <= ShiftExpression
RelationalExpression >= ShiftExpression
RelationalExpression instanceof ShiftExpression
RelationalExpression in ShiftExpression

RelationalExpressionNoln :
ShiftExpression
RelationalExpressionNaln)< ShiftExpression
RelationalExpressionNoln > ShiftExpression
RelationalExpressionNoln <= ShiftExpression
RelationalExpressionNoln >= ShiftExpression
RelationalExpressionNoln instanceoTf ShiftExpression

NOTE Thev“Noln” variants are needed to avoid confusing the in operator in a relational expression with| the in
operator in ayFor statement.

Semantics

ne 1 Q€ dling a reiaional operalo dl\Wd

a g onship
named by the operator holds between its two operands.

The RelationalExpressionNoln productions are evaluated in the same manner as the RelationalExpression
productions except that the contained RelationalExpressionNoln is evaluated instead of the contained
RelationalExpression.

11.8.1 The Less-than Operator ( <)

The production RelationalExpression : RelationalExpression < ShiftExpression is evaluated as follows:
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Let Iref be the result of evaluating RelationalExpression.

Let Ival be GetValue(lref).

Let rref be the result of evaluating ShiftExpression.

Let rval be GetValue(rref).

Let r be the result of performing abstract relational comparison lval < rval. (see 11.8.5)
If r is undefined, return false. Otherwise, return r.

ok~whE

11.8.2 The Greater-than Operator ( >)

The pnl)duction RelationalExpression : RelationalExpression > ShiftExpression is evaluated as follows:

1. LefIref be the result of evaluating RelationalExpression.

2. Leflval be GetValue(lref).

3. Lef rref be the result of evaluating ShiftExpression.

4. Lefrval be GetValue(rref).

5. Lef r be the result of performing abstract relational comparison rval < Ival with LeftFirst equal to false. (see
118.5).

6. If fis undefined, return false. Otherwise, return r.

11.8.3 | The Less-than-or-equal Operator ( <=)
The prpduction RelationalExpression : RelationalExpression <= ShiftExpressioris evaluated as follows:

Lef Iref be the result of evaluating RelationalExpression.

Lef Ival be GetValue(lref).

Lef rref be the result of evaluating ShiftExpression.

Lef rval be GetValue(rref).

Lef r be the result of performing abstract relational comparison rval < Ival with LeftFirst equal to false. (see
118.5).

If i is true or undefined, return false. Otherwise, return true.

agrwNdE
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11.8.4 | The Greater-than-or-equal Operator (>=)
The pr¢duction RelationalExpression : RelatienalExpression >= ShiftExpression is evaluated as follows:

Lef Iref be the result of evaluating RelationalExpression.

Lef Ival be GetValue(lref).

Lef rref be the result of evatuating ShiftExpression.

Lef rval be GetValue(rref)-

Lef r be the result of performing abstract relational comparison Ival < rval. (see 11.8.5)
If 1 is true or undefined, return false. Otherwise, return true.

oakwhPE

11.8.5 | The Abstract Relational Comparison Algorithm

The comparisoh x <y, where x and y are values, produces true, false, or undefined (which indicates that at
least ope-gperand is NaN). In addition to x and y the algorithm takes a Boolean flag named LeftFirst as a

param tef—he ﬂqu istrsed—to—controt-the—orderi—which upclat;ullo with pUtUI |t;a::y vistble—side-effects—are
performed upon x and y. It is necessary because ECMAScript specifies left to right evaluation of expressions.
The default value of LeftFirst is true and indicates that the x parameter corresponds to an expression that
occurs to the left of the y parameter’s corresponding expression. If LeftFirst is false, the reverse is the case
and operations must be performed upon y before x. Such a comparison is performed as follows:

1. If the LeftFirst flag is true, then
a. Let px be the result of calling ToPrimitive(x, hint Number).
b. Let py be the result of calling ToPrimitive(y, hint Number).

2. Else the order of evaluation needs to be reversed to preserve left to right evaluation
a. Let py be the result of calling ToPrimitive(y, hint Number).
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b. Let px be the result of calling ToPrimitive(x, hint Number).
3. Ifitis not the case that both Type(px) is String and Type(py) is String, then
a. Let nx be the result of calling ToNumber(px). Because px and py are primitive values evaluati
order is not important.
Let ny be the result of calling ToNumber(py).
If nx is NaN, return undefined.
If ny is NaN, return undefined.
If nx and ny are the same Number value, return false.
If nx is +0 and ny is -0, return false.

on

T NX 15 —0U and ny 15 +U0, return ralse.
If nx is +oo, return false.
If ny is +oo, return true.
If ny is —oo, return false.
If nx is —oo, return true.
If the mathematical value of nx is less than the mathematical value of ny —nate that these
mathematical values are both finite and not both zero—return true. Otherwise,return false.
4. Else, both px and py are Strings
a. |If pyisa prefix of px, return false. (A String value p is a prefix of Stringvalue q if q can be t
result of concatenating p and some other String r. Note that any String is a prefix of itself, be
may be the empty String.)
b. If px is a prefix of py, return true.

X oSO A0 o0 T

c. Letk be the smallest nonnegative integer such that the character at position k within px is dif;lerent
i

from the character at position k within py. (There must bésuch a k, for neither String is a pre
the other.)

d. Letm be the integer that is the code unit value for the{character at position k within px.

Let n be the integer that is the code unit value forthe character at position k within py.

f. 1fm <n, return true. Otherwise, return false.

@

NOTE 1 Step 3 differs from step 7 in the algorithm for the*addition operator + (11.6.1) in using and instead of or|

NOTE 2  The comparison of Strings uses a simple\lexicographic ordering on sequences of code unit values. The
attempt to use the more complex, semantically-eriented definitions of character or string equality and collatin
defined in the Unicode specification. Therefore String values that are canonically equal according to the Unicode §
could test as unequal. In effect this algorithrmr-assumes that both Strings are already in normalised form. Also, note
strings containing supplementary charagcters, lexicographic ordering on sequences of UTF-16 code unit values diff
that on sequences of code point values.

11.8.6 The instanceof operator
The production RelationalExpression: RelationalExpression instanceof ShiftExpression is evaluated as fg

Let Iref be thewresult of evaluating RelationalExpression.

Let lval besGetValue(lref).

Let rrefihé.the result of evaluating ShiftExpression.

Let rval be GetValue(rref).

If ®ype(rval) is not Object, throw a TypeError exception.

Ifrval does not have a [[HaslInstance]] internal method, throw a TypeError exception.
Return the result of calling the [[HaslInstance]] internal method of rval with argument lIval.

Nk wbE

e
Cause r

x of

re is no
g order
tandard
that for
prs from

llows:

11.8.7 The in operator
The production RelationalExpression : RelationalExpression in ShiftExpression is evaluated as follows:

Let Iref be the result of evaluating RelationalExpression.

Let Ival be GetValue(lref).

Let rref be the result of evaluating ShiftExpression.

Let rval be GetValue(rref).

If Type(rval) is not Object, throw a TypeError exception.

Return the result of calling the [[HasProperty]] internal method of rval with argument ToString(lval).

ook whE
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11.9 Equality Operators

Syntax

EqualityExpression :
RelationalExpression
EqualityExpression == RelationalExpression
EqualityExpression 1= RelationalExpression
EqualityExpression === RelationalExpression

FqUalityEXpression Y== RelalionalExpression

EqualityExpressionNoln :

RelationalExpressionNoln

FqualityExpressionNoln == RelationalExpressionNoln
FqualityExpressionNoln = RelationalExpressionNoln
FqualityExpressionNoln === RelationalExpressionNoln
EqualityExpressionNoln == RelationalExpressionNoln

Semairjtics

The repult of evaluating an equality operator is always of type Boolean, reflecting’ whether the relationship
named|by the operator holds between its two operands.

The EpualityExpressionNoln productions are evaluated in the samef manner as the EqualityExpression
productions except that the contained EqualityExpressionNoln and_RélationalExpressionNoln are evaluated
instead of the contained EqualityExpression and RelationalExpression, respectively.

11.9.1 | The Equals Operator ( ==
The production EqualityExpression : EqualityExpression =& RelationalExpression is evaluated as follows:

Lef Iref be the result of evaluating EqualityExpression.

Lef Ival be GetValue(lref).

Leq rref be the result of evaluating RelationalExpression.

Lef rval be GetValue(rref).

Return the result of performing abstract equality comparison rval == lval. (see 11.9.3).

agrwdE

11.9.2 | The Does-not-equals Operator ( 1=
The production EqualityExpression : EqualityExpression = RelationalExpression is evaluated as follows:

Lef Iref be the result\of evaluating EqualityExpression.

Lef Ival be GetValue(lref).

Lef rref be thé seésult of evaluating RelationalExpression.

Lef rval bezGetValue(rref).

Lef r be theresult of performing abstract equality comparison rval == Ival. (see 11.9.3).
If fj isctrue, return false. Otherwise, return true.

oukwhE

11.9.3 The Abstract Equality Comparison Algorithm

The comparison x ==y, where x and y are values, produces true or false. Such a comparison is performed as
follows:

1. If Type(x) is the same as Type(y), then
a. If Type(x) is Undefined, return true.
b. If Type(x) is Null, return true.
c. If Type(x) is Number, then
i If x is NaN, return false.
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ii. If y is NaN, return false.
iii. If x is the same Number value as y, return true.

iv. If x is +0 and y is -0, return true.
V. If x is =0 and y is +0, return true.
Vi Return false.

d. If Type(x) is String, then return true if x and y are exactly the same sequence of characters (same

length and same characters in corresponding positions). Otherwise, return false.

e. If Type(x) is Boolean, return true if x and y are both true or both false. Otherwise, return false.

f. Return true if x and y refer to the same object. Otherwise, return false.

ITX 1S nall and y IS undefined, retarn true.
If x is undefined and y is null, return true.
4. If Type(x) is Number and Type(y) is String,
return the result of the comparison x == ToNumber(y).
5. If Type(x) is String and Type(y) is Number,
return the result of the comparison ToNumber(x) ==y.
If Type(x) is Boolean, return the result of the comparison ToNumber(x) ==y.
If Type(y) is Boolean, return the result of the comparison x == ToNumber(y).
8. If Type(x) is either String or Number and Type(y) is Object,
return the result of the comparison x == ToPrimitive(y).
9. If Type(x) is Object and Type(y) is either String or Number,
return the result of the comparison ToPrimitive(x) ==.
10. Return false.

W N

No

NOTE 1 Given the above definition of equality:

e String comparison can be forced by: """ + a == " *® b.
e Numeric comparison can be forced by: +a == +b.
e Boolean comparison can be forced by: 'a == (bb.

NOTE 2  The equality operators maintain the followingsihvariants:
e A I=Bis equivalentto ' (A ==B).
e A ==Bis equivalent to B == A, except'in the order of evaluation of A and B.

NOTE 3  The equality operator is not always transitive. For example, there might be two distinct String objec}s, each
representing the same String value; each String object would be considered equal to the String value by the == gperator,
but the two String objects would not be equal to each other. For Example:
e new String("a") ==""a'"and "a" == new String(("a")are both true.
e new String("a)\==new String(a") is false.
NOTE 4  Comparison of<Strings uses a simple equality test on sequences of code unit values. There is no atfempt to
use the more complexs“semantically oriented definitions of character or string equality and collating order definefd in the
Unicode specification. Therefore Strings values that are canonically equal according to the Unicode standard could test as
unequal. In effect/this-algorithm assumes that both Strings are already in normalised form.
11.9.4 The'Strict Equals Operator ( ===
The production EqualityExpression : EqualityExpression === RelationalExpression is evaluated as follows
] Let lref he the result of mmlnnfing Fnlnalif\lvaprnccinn
2. Let Ival be GetValue(lref).
3. Let rref be the result of evaluating RelationalExpression.
4. Let rval be GetValue(rref).
5. Return the result of performing the strict equality comparison rval === lval. (See 11.9.6)
11.9.5 The Strict Does-not-equal Operator ( 1==)
The production EqualityExpression : EqualityExpression !== RelationalExpression is evaluated as follows:
1. Let Iref be the result of evaluating EqualityExpression.
© ISO/IEC 2011 — All rights reserved 81
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Let Ival be GetValue(lref).

Let rref be the result of evaluating RelationalExpression.

Let rval be GetValue(rref).

Let r be the result of performing strict equality comparison rval === lval. (See 11.9.6)
If r is true, return false. Otherwise, return true.

oak~wn

11.9.6 The Strict Equality Comparison Algorithm

The co
as follg

If Type(x) is different from Type(y), return false.

If Type(x) is Undefined, return true.

If Type(x) is Null, return true.

If Type(x) is Number, then

If x is NaN, return false.

If y is NaN, return false.

If x is the same Number value as y, return true.

If xis +0 and y is =0, return true.

If x is =0 and y is +0, return true.

f.  Return false.

5. If Type(x) is String, then return true if x and y are exactly the same sequence-of characters (same length and
same characters in corresponding positions); otherwise, return false.

6. If Type(x) is Boolean, return true if x and y are both true or both falsg; etherwise, return false.

7. Refurn true if x and y refer to the same object. Otherwise, return false:

el

oo oe

NOTE This algorithm differs from the SameValue Algorithm (9.12) in‘its"treatment of signed zeroes and NaNs.
11.10 | Binary Bitwise Operators

Syntax

BitwiseANDEXpression :
FqualityExpression
BitwiseANDEXxpression & EqualityExpression

BitwiseANDEXxpressionNoln :
FqualityExpressionNoln
BitwiseANDExpressionNoln & EqualityExpressionNoln

BitwiseKORExpression :
itwisecANDEXxpression
itwiseXORExpression / BitwiseANDEXxpression

BitwiseKORExpressionNoln :
itwisesANDEXpressionNoln
itwiseXORExpressionNoln ” BitwisesANDExpressionNoln

BitwiseQREXpression :
BitwiseXORExpression
BitwiseORExpression | BitwiseXORExpression

BitwiseORExpressionNoln :

BitwiseXORExpressionNoln

BitwiseORExpressionNoln | BitwiseXORExpressionNoln
Semantics

The production A: A @ B, where @ is one of the bitwise operators in the productions above, is evaluated as
follows:
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Let Iref be the result of evaluating A.

Let Ival be GetValue(lref).

Let rref be the result of evaluating B.

Let rval be GetValue(rref).

Let Inum be Tolnt32(lval).

Let rnum be ToInt32(rval).

Return the result of applying the bitwise operator @ to Inum and rnum. The result is a signed 32 bit integer.

NookrwbE

11.11 Binary Logical Operators

Syntax

LogicalANDEXxpression :
BitwiseORExpression
LogicalANDEXxpression && BitwiseORExpression

LogicalANDExpressionNoln :
BitwiseORExpressionNoln
Logical ANDExpressionNoln && BitwiseORExpressionNoln

Logical ORExpression :
Logical ANDEXxpression
LogicalORExpression | | LogicalANDEXxpression

Logical ORExpressionNoln :
Logical ANDExpressionNoln
Logical ORExpressionNoln | | LogicalANDExpressionNotn

Semantics

The production LogicalANDExpression : Logical ANDExpression && BitwiseORExpression is evaluated as foljows:

Let Iref be the result of evaluating LogicalANDEXxpression.
Let Ival be GetValue(lref).

If ToBoolean(lval) is false, retura-lval.

Let rref be the result of evaluating’BitwiseORExpression.
Return GetValue(rref).

agRrwNbE

The production LogicalOREXxpression : LogicalORExpression | | LogicalANDExpression is evaluated as follgws:

Let Iref be the resudt-of evaluating LogicalORExpression.
Let Ival be GetMalue(lref).

If ToBoolean(lval) is true, return Ival.

Let rref be‘the result of evaluating Logical ANDEXxpression.
Return.GetValue(rref).

aohodE

as”\the LogicalANDExpression and LogicalORExpression productions except that the coptained

The Logical ANDExpressionNoln and LogicalORExpressionNoln productions are evaluated in the same fnanner
1;01‘ the

Lagical ANDExpressionNoln, BitwiseORExpressionNoln and Logical ORExpressionNoln are evaluated instea

contained Logical ANDEXxpression, BitwiseORExpression and LogicalORExpression, respectively.

NOTE The value produced by a && or | | operator is not necessarily of type Boolean. The value produced will always
be the value of one of the two operand expressions.
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11.12 Conditional Operator ( ? : )

Syntax

ConditionalExpression :
Logical ORExpression
LogicalORExpression ? AssignmentExpression : AssignmentExpression

ConditionalExpressionNoln :

Semar

H oD H Al
FUYTUATUREAPTESSTUTTINUTT

L ogical ORExpressionNoln ? AssignmentExpression = AssignmentExpressionNoln

tics

The production ConditionalExpression : Logical ORExpression ? AssignmentExpression = AssignmentExpression is

evalua

1.
2.

Le
If

3. EIS

The C
produci
Assignn|
Assignn|

NOTE
each al

The mo)
conditiol

11.13

Syntax

Assignn|

Assignn|

ed as follows:

Iref be the result of evaluating Logical ORExpression.
[oBoolean(GetValue(lref)) is true, then

a. Let trueRef be the result of evaluating the first AssignmentExpression.
b. Return GetValue(trueRef).

e
a.
b.

Let falseRef be the result of evaluating the second AssignmentExpression.
Return GetValue(falseRef).

bnditionalExpressionNoln production is evaluated inthe samle manner asthe ConditionalExpression
ion except that the contained LogicalORExpressionNoln,  AssignmentExpression  and
entExpressionNoln  are evaluated instead of the contained LogicalORExpression, first
entExpression and second AssignmentExpression, respeetively.

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

Assignment Operators

entExpression :

Conditional Expression

 eftHandSideExpression = AssignmentExpression
 eftHandSideExpression AssignmentOperator AssignmentExpression

entExpressionNeln :

ConditionalExpressionNoln

 eftHandSideExpression = AssignmentExpressionNoln

| eftHandSideExpression AssignmentOperator AssignmentExpressionNoln

Assignn

rentOperator—one-of
*— /

= Y%= += <<= >>=  >>>= &= N=

Semantics

The AssignmentExpressionNoln productions are evaluated in the same manner as the AssignmentExpression
productions except that the contained ConditionalExpressionNoln and AssignmentExpressionNoln are evaluated
instead of the contained ConditionalExpression and AssignmentExpression, respectively.

84
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11.13.1 Simple Assignment ( =)
The production AssignmentExpression : LeftHandSideExpression = AssignmentExpression is evaluated as follows:

Let Iref be the result of evaluating LeftHandSideExpression.

Let rref be the result of evaluating AssignmentExpression.

Let rval be GetValue(rref).

Throw a SyntaxError exception if the following conditions are all true:
. Type(lref) is Reference is true

PwopdE

. IsStrictReference(lref) is true

. Type(GetBase(lref)) is Environment Record

. GetReferencedName(lref) is either "eval’ or ""arguments"
5. Call PutValue(Iref, rval).
6. Return rval.

NOTE When an assignment occurs within strict mode code, its LeftHandSide must not evaluate to an unregolvable
reference. Ifitdo es a ReferenceError exception is thrown upon assignment. The LeftHandSide also may npt be a
reference to a data property with the attribute value {[[Writable]]:false}, to an accessor<{property with the attribuje value
{[[Set]]:undefined}, nor to a non-existent property of an object whose [[Extensible]] internal property has the value false. In
these cases a TypeError exception is thrown.

11.13.2 Compound Assignment ( op=)

The production AssignmentExpression : LeftHandSideExpression AssignmentOperator AssignmentExpression| where
AssignmentOperator is @= and @ represents one of the operators indicated above, is evaluated as folloys:

Let Iref be the result of evaluating LeftHandSideExpression.
Let Ival be GetValue(lref).
Let rref be the result of evaluating AssignmentExpression.
Let rval be GetValue(rref).
Let r be the result of applying operator @ to-lval and rval.
Throw a SyntaxError exception if the following conditions are all true:
. Type(lref) is Reference is true
. IsStrictReference(lref) is:true
. Type(GetBase(lref)) issEhvironment Record
. GetReferencedName(lref) is either "eval® or ""arguments"
7. Call PutValue(lref, r).
8. Returnr.

ok wnNE

NOTE See NOTEAN43.1.
11.14 CommaOperator( , )

Syntax

Expression :
AssignmentExpression
Expression , AssignmentExpression

ExpressionNoln :
AssignmentExpressionNoln
ExpressionNoln , AssignmentExpressionNoln

Semantics

The production Expression : Expression , AssignmentExpression is evaluated as follows:

1. Let Iref be the result of evaluating Expression.
2. Call GetValue(Iref).
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3. Let rref be the result of evaluating AssignmentExpression.
4. Return GetValue(rref).

The Ex

pressionNoln production is evaluated in the same manner as the Expression production except that the

contained ExpressionNoln and AssignmentExpressionNoln are evaluated instead of the contained Expression and
AssignmentExpression, respectively.

NOTE

GetValue must be called even though its value is not used because it may have observable side-effects.

12 S{atements

Synta

Statemgnt :

Semar

A State
labels

of indiV
a labe
empty

The re

NOTE
Stateme
to such
results

lock
ariableStatement
mptyStatement
xpressionStatement
fStatement
terationStatement
ontinueStatement
reakStatement
ReturnStatement
VithStatement
| abelledStatement
witchStatement

ThrowStatement
TryStatement

DebuggerStatement

tics

ment can be part of a LabelledStatement, which itself can be part of a LabelledStatement, and so on. The

ntroduced this way are collectively referred to as the “current label set” when describing the semantics
idual statements. A LabelledStatement.has no semantic meaning other than the introduction of a label to
set. The label set of an lterationStatement or a SwitchStatement initially contains the single element
The label set of any other statement is initially empty.

ult of evaluating a Statement-is always a Completion value.

Several widely used-implementations of ECMAScript are known to support the use of FunctionDeclaration as a
t. However there arg significant and irreconcilable variations among the implementations in the semantics applied
FunctionDeclarations. Because of these irreconcilable differences, the use of a FunctionDeclaration as a Statement
n code that is~not reliably portable among implementations. It is recommended that ECMAScript implementations

either d
ECMAS

121 E

sallow this/Usage of FunctionDeclaration or issue a warning when such a usage is encountered. Future editions of
cript may.define alternative portable means for declaring functions in a Statement context.

Block

Syntax

Block :

{ StatementListop }

StatementList :
Statement
StatementList Statement

86
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Semantics

The production Block : { } is evaluated as follows:

1.

Return (normal, empty, empty).

The production Block : { StatementList }is evaluated as follows:

1.

Return the result of evaluating StatementList.

The production StatementList : Statement is evaluated as follows:

1.
2.

3.

Let s be the result of evaluating Statement.

If an exception was thrown, return (throw, V, empty) where V is the exception. (Executiof)new prog
if no exception were thrown.)

Return s.

The production StatementList : StatementList Statement is evaluated as follows:

1. Let sl be the result of evaluating StatementList.

2. If sl is an abrupt completion, return sl.

3. Let s be the result of evaluating Statement.

4. If an exception was thrown, return (throw, V, empty) where V is the-exception. (Execution now prog
if no exception were thrown.)

5. If s.value is empty, let V = sl.value, otherwise let V = s.value’

6. Return (s.type, V, s.target).

NOTE Steps 5 and 6 of the above algoritm ensure that-the value of a StatementList is the value of the la

producing Statement in the StatementList. For example, the fallewing calls to the eval function all return the value {:

eval ("1;{3")

eval("1l;var a;")

12.2 Variable Statement

Syntax

VariableStatement :

var VariableDeclarationList ;

VariableDeclarationList-:

VariableDeclaration
VariableD€clarationList , VariableDeclaration

VariableDeclarationListNoln :

VariableDeclarationNoln
VfariableDeclarationListNoln , VariableDeclarationNoln

VAariableDeclaration :

eeds as

eeds as

5t value

Identifier Initialiserqy

VariableDeclarationNoln :

Identifier InitialiserNolngp

Initialiser :

= AssignmentExpression

InitialiserNoln :

= AssignmentExpressionNoln
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A variable statement declares variables that are created as defined in 10 .5. Variables are initialised to
undefined when created. A variable with an Initialiser is assigned the value of its AssignmentExpression when
the VariableStatement is executed, not when the variable is created.

Semantics

The production VariableStatement : var VariableDeclarationList ; is evaluated as follows:

1. Evaluate VariableDeclarationList.

2. Returmtrormatemptyempty -

The production VariableDeclarationList :VariableDeclaration is evaluated as follows:

1. Evgluate VariableDeclaration.

The prpduction VariableDeclarationList : VariableDeclarationList , VariableDeclaration is evaluated_as follows:

1. Evaluate VariableDeclarationList.
2. Evaluate VariableDeclaration.

The production VariableDeclaration : Identifier is evaluated as follows:
1. Refurn a String value containing the same sequence of characters as in the Identifier.

The production VariableDeclaration : Identifier Initialiser is evaluated as follows:

1. Lef Ihs be the result of evaluating Identifier as described in 11.1%2:

2. Letrhs be the result of evaluating Initialiser.

3. Le{value be GetValue(rhs).

4. Call PutValue(lhs, value).

5. Refurn a String value containing the same sequence of<haracters as in the Identifier.

NOTE The String value of a VariableDeclaration is used in the evaluation of for-in statements (12.6.4).

If a VariableDeclaration is nested within a with:statement and the Identifier in the VariableDeclaration is the
same gs a property name of the binding object of the with statement’s object environment record, then step 4
will asgign value to the property insteadtof to the VariableEnvironment binding of the Identifier.

The preduction Initialiser : = AssignmentExpression is evaluated as follows:

1. Return the result of evaluating AssignmentExpression.

The VdriableDeclarationListNoln, VariableDeclarationNoln and InitialiserNoln productions are e valuated in the
same manner as thé VariableDeclarationList, VariableDeclaration and Initialiser productions except that the
contairled VariableDeclarationListNoln, VariableDeclarationNoln, InitialiserNoln and AssignmentExpressionNoln
are eyaluated«lipstead of the contained VariableDeclarationList, VariableDeclaration, Initialiser and
AssignnmentExpression, respectively.

12.2.1 LStrict Mode-Restrictions

It is a SyntaxError if a VariableDeclaration or VariableDeclarationNoln occurs within strict code and its Identifier
is either ""eval™ or "arguments"'.

12.3 Empty Statement

Syntax
EmptyStatement :
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Semantics

The production EmptyStatement : ; is evaluated as follows:

1. Return (normal, empty, empty).
12.4 Expression Statement

Syntax

ExpressionStatement :
[lookahead ¢ {{, function}] Expression ;

NOTE An ExpressionStatement cannot start with an opening curly brace because that might make iitjJambiguou
Block. Also, an ExpressionStatement cannot start with the function keyword because that might make_it ambiguoy
FunctionDeclaration.

Semantics
The production ExpressionStatement : [lookahead ¢ {{, function}] Expression; is evaluated as follows:

1. Let exprRef be the result of evaluating Expression.
2. Return (normal, GetValue(exprRef), empty).

12.5 The 1T Statement

Syntax

IfStatement :
i T ( Expression ) Statement else Statement
i T ( Expression ) Statement

Each el se for which the choice of associated i f is ambiguous shall be associated with the nearest p
if that would otherwise have no corresponding else.

Semantics

The production IfStatement : EfSCExpression ) Statement e I se Statement is evaluated as follows:

1. Let exprRef be the result’of evaluating Expression.
2. If ToBoolean(GetValue(exprRef)) is true, then
a. Returp.theresult of evaluating the first Statement.
3. Else,
a. Return the result of evaluating the second Statement.

The production IfStatement : i ¥ ( Expression ) Statement is evaluated as follows:

1. ALE&t exprRef be the result of evaluating Expression.
21T ToBoolean(GetValue(exprRef)) is false, return (normal, empty, empty).

5 with a
s with a

ossible

oS. ReEurm the resuit or evaluating oldlelmerit.
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12.6 Iteration Statements

Syntax

IterationStatement :
do Statement while ( Expression) ;
while ( Expression ) Statement
Tor (ExpressionNolngg; EXpressiong ; Expressiong, ) Statement
Tor (var VariableDeclarationListNoln ; Expressiong: ; Expressiong, ) Statement

Ffor (LefiHandSideExpression 1n Expression ) Statement
For (var VariableDeclarationNoln in Expression ) Statement

12.6.1 | The do-whi le Statement
The production do Statement whi le ( Expression ) ; is evaluated as follows:

1. Lef{V =empty.

2. Lel{iterating be true.

3. Repeat, while iterating is true

a. Let stmt be the result of evaluating Statement.

b. If stmt.value is not empty, let V = stmt.value.

c. If stmt.type is not continue || stmt.target is not in the current label,set, then
i If stmt.type is break and stmt.target is in the current lgbgl*set, return (normal, V, empty).
ii. If stmt is an abrupt completion, return stmt.

d. Let exprRef be the result of evaluating Expression.

e. If ToBoolean(GetValue(exprRef)) is false, set iterating to-false.

4. Refurn (normal, V, empty);

12.6.2 | The while Statement
The production IterationStatement : whi le ( Expressian)) Statement is evaluated as follows:

1. Le{V =empty.

2. Repeat
a. Let exprRef be the result of evaluating Expression.
b. If ToBoolean(GetValue(exprRef)) is false, return (normal, V, empty).
c. Let stmt be the result of evaluating Statement.
d. If stmt.value is not empty, let V = stmt.value.
e. If stmt.type is not.continue || stmt.target is not in the current label set, then

i If stmt.type is break and stmt.target is in the current label set, then
1-DReturn (normal, V, empty).
il If-stot is an abrupt completion, return stmt.

12.6.3 | The for 'Statement

The production
IterafioniStatement : For (ExpressionNolngg ; Expressiongy: ; Expressiongs) Statement

is evaluated as follows:

1. If ExpressionNoln is present, then.
a. Let exprRef be the result of evaluating ExpressionNoln.
b. Call GetValue(exprRef). (This value is not used but the call may have side-effects.)
2. LetV =empty.
3. Repeat
a. |If the first Expression is present, then
i Let testExprRef be the result of evaluating the first Expression.
ii. If ToBoolean(GetValue(testExprRef)) is false, return (normal, V, empty).
b. Let stmt be the result of evaluating Statement.
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If stmt.value is not empty, let V = stmt.value
If stmt.type is break and stmt.target is in the current label set, return (normal, V, empty).
e. If stmt.type is not continue || stmt.target is not in the current label set, then
i If stmt is an abrupt completion, return stmt.
f. If the second Expression is present, then
i. Let incExprRef be the result of evaluating the second Expression.
ii. Call GetValue(incExprRef). (This value is not used.)

oo

The production

tterationStatement—For ( var-VariabteDectarationtistiNotm EXPIESSIU opt » EXPIESSIU Topt ) Statermert

is evaluated as follows:
1.

2.
3.

12.6.4 The for-in Statement

Evaluate VariableDeclarationListNoln.
Let V = empty.
Repeat
a. If the first Expression is present, then
i. Let testExprRef be the result of evaluating the first Expression.
ii. If ToBoolean(GetValue(testExprRef)) is false, then return (nofmalt, V, empty).
Let stmt be the result of evaluating Statement.
If stmt.value is not empty, let V = stmt.value.
If stmt.type is break and stmt.target is in the current label set, return (normal, V, empty).
If stmt.type is not continue || stmt.target is not in the current-label set, then
i If stmt is an abrupt completion, return stmt.
f. If the second Expression is present, then.
i. Let incExprRef be the result of evaluating the’second Expression.
ii. Call GetValue(incExprRef). (This value isvot used.)

® 00 o

The production IterationStatement : for ( LeftHandSideExpression in Expression ) Statement is evaluated as

follows:

1. Let exprRef be the result of evaluating/the Expression.

2. Let experValue be GetValue(exprRef)-

3. If experValue is null or undefined) return (normal, empty, empty).
4. Let obj be ToObject(experValue).

5. LetV =empty.

6. Repeat

a. Let P be the_name of the next property of obj whose [[Enumerable]] attribute is true. If there
such property, return (normal, V, empty).
Let IhsRefbe the result of evaluating the LeftHandSideExpression ( it may be evaluated reped
Call-PdtValue(lhsRef, P).
Let stmt be the result of evaluating Statement.
istmt.value is not empty, let V = stmt.value.
If stmt.type is break and stmt.target is in the current label set, return (normal, V, empty).
If stmt.type is not continue || stmt.target is not in the current label set, then

i. If stmt is an abrupt completion, return stmt.

Q@/h D 00 o

is no

tedly).

Tha-nraduetion
LILRASN ~4a~

SrOrCTroTT

IterationStatement : For ( var VariableDeclarationNoln in Expression ) Statement

is evaluated as follows:

ouk~whE

Let varName be the result of evaluating VariableDeclarationNoln.
Let exprRef be the result of evaluating the Expression.

Let experValue be GetValue(exprRef).

If experValue is null or undefined, return (normal, empty, empty).
Let obj be ToObject(experValue).

Let V = empty.
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7. Repeat
a. Let P be the name of the next property of obj whose [[Enumerable]] attribute is true. If there is no
such property, return (normal, V, empty).
Let varRef be the result of evaluating varName as if it were an Identifier Reference (11.1.2); it may
be evaluated repeatedly.
Call PutValue(varRef, P).
Let stmt be the result of evaluating Statement.
If stmt.value is not empty, let V = stmt.value.
If stmt.type is break and stmt.target is in the current label set, return (normal, V, empty).

=

c.
d.
e.
f.

i If stmt is an abrupt completion, return stmt.

chanics and order of enumerating the properties (step 6.a in the first algorithm, step 7.a in the second)
pecified. Properties of the object being enumerated may be deleted during enumeration. If-a |property
not yet been visited during enumeration is deleted, then it will not be visited. If new _properties are
o the object being enumerated during enumeration, the newly added properties are not{guaranteed to
d in the active enumeration. A property name must not be visited more than once ip-any enumeration.

totype, and so on, recursively; but a property of a p rototype is not enumerated if it is “shadowed”
becaude some previous object in the prototype chain has a property with the'same name. The values of
[[Enumerable]] attributes are not considered when determining if a property of &'prototype object is shadowed
by a previous object on the prototype chain.

NOTE See NOTE 11.13.1.
12.7 The continue Statement

Syntax

ContinyeStatement :
continue ;

continue [no LineTerminator here] ldentifier;

Semarjtics

A program is considered syntactically ingorrect if either of the following is true:

e The program contains,d continue statement without the optional Identifier, which is not
nested, directly/~or indirectly (but not crossing function boundaries), within an
IterationStatement.

e The program-contains a continue statement with the optional ldentifier, where ldentifier
does not.appear in the label setof an enclosing (but not crossing function boundaries)
IterationStatement.

A ContinueStatement without an Identifier is evaluated as follows:

1. Return (eontinue, empty, empty).

A ContinueStatement with the optional Identifier is evaluated as follows:

1. Return (continue, empty, Identifier).
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12.8 The break Statement

Syntax

BreakStatement :
break ;

break [no LineTerminator here] Identifier ;

Semantics

A program is considered syntactically incorrect if either of the following is true:

e The program contains a break statement without the optional ldentifier,' which |is not
nested, directly or indirectly (but not crossing function boundaries), within an
IterationStatement or a SwitchStatement.

e The program contains a break statement with the optional Identifien, where Identifigr does
not appear in the label set of an enclosing (but not crossing function boundaries) Stat¢ment.

A BreakStatement without an Identifier is evaluated as follows:
1. Return (break, empty, empty).
A BreakStatement with an Identifier is evaluated as follows:

1. Return (break, empty, Identifier).
12.9 The return Statement

Syntax

ReturnStatement :
return ;

return [no LineTerminator here] Expression ;

Semantics

An ECMAScript program is considered syntactically incorrect if it contains a return statement thafis not
within a FunctionBody. A return statement causes a function to cease execution and return a valug to the
caller. If Expression is omitted, the return value is undefined. Otherwise, the return value is the vplue of
Expression.

A ReturnStatement {s-evaluated as follows:
1. If the Expression is not present, return (return, undefined, empty).

2. Let exprRef be the result of evaluating Expression.
3. ReturnAreturn, GetValue(exprRef), empty).

12.10 The with Statement

Syntax
WithStatement :
with ( Expression ) Statement

The with statement adds an object environment record for a computed object to the le xical environment of
the current execution context. It then executes a statement using this augmented lexical environment. Finally,
it restores the original lexical environment.
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Semantics

The production WithStatement : with ( Expression ) Statement is evaluated as follows:

Let val be the result of evaluating Expression.

Let obj be ToObject(GetValue(val)).

Let oldEnv be the running execution context’s LexicalEnvironment.

Let newEnv be the result of calling NewObjectEnvironment passing obj and oldEnv as the arguments.
Set the provideThis flag of newEnv to true.

Set the r||nning execution context’s | exicalEnvironment to newEnv

Le{ C be the result of evaluating Statement but if an exception is thrown during the evaluation, let C be
(thfow, V, empty), where V is the exception. (Execution now proceeds as if no exception were thrown.)

8. Sefthe running execution context’s Lexical Environment to oldEnv.

9. Refurn C.

NogabkrwhpE

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

12.10.1 Strict Mode Restrictions

Strict mode code may not include a WithStatement. The oc currence of a WithStatement in such a context is
treatedlas a SyntaxError.

12.11| The switch Statement

Syntax
SwitchStatement :
Ewitch ((Expression ) CaseBlock

CaseBlgck :
{ CaseClausesqp: ¥
{ CaseClauses,, DefaultClause CaseClausesqg: ¥

CaseClauses :
CaseClause
CaseClauses CaseClause

CaseClause :
Case Expression : StatenfentListyp

DefaultClause :
glefaul t - StatementListy

Semairjtics

The prpduction SwitchStatement : switch ( Expression ) CaseBlock is evaluated as follows:

Lel exprRef be the result of evaluating Expression.

Let R be the result of evaluating CaseBlock, passing it GetValue(exprRef) as a parameter.
If R.type is break and R.target is in the current label set, return (normal, R.value, empty).
Return R.

PN pE

The production CaseBlock : { CaseClausesqp: } is given an input parameter, input, and is evaluated as follows:

LetV = empty.
Let A be the list of CaseClause items in source text order.
Let searching be true.
Repeat, while searching is true
a. Let C be the next CaseClause in A. If there is no such CaseClause, return (normal, V, empty).

AN E
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b. Let clauseSelector be the result of evaluating C.
c. Ifinputis equal to clauseSelector as defined by the === operator, then
i Set searching to false.
ii. If C has a StatementList, then
1. Evaluate C’s StatementList and let R be the result.
2. If Ris an abrupt completion, then return R.
3. LetV=R.value.
5. Repeat
a. Let C be the next CaseClause in A. If there is no such CaseClause, return (normal, V, empty).
D. ITCTNdSd Dldl(:‘llll:‘lllLiS[, e

i Evaluate C’s StatementList and let R be the result.
ii. If R.value is not empty, then let V = R.value.
iii. If R is an abrupt completion, then return (R.type, V, R.target).

The production CaseBlock : { CaseClauses,: DefaultClause CaseClausesq } is given an jriput”parametef, input,

and is evaluated as follows:

1. LetV=

2.

3.

4.

5. Repeat
a.
b.

6.

a.

8. If foundInB is false and the DefaultClause has a StatementList, then

a.
b.
Cs

9. Repeat
a.
b.

Let A be the list of CaseClause items in the first CaseClauses, in source text order.
Let B be the list of CaseClause items in the second CaseClauses, in source text-order.
Let found be false.

Let foundInB be false.
7. If found is false, then

empty.

letting C be in order each CaseClause in A
If found is false, then
i Let clauseSelector be the result of evaluating C.
ii. If input is equal to clauseSelector as defined by'the === operator, then set found to true.
If found is true, then
i. If C has a StatementList, then
1. Evaluate C’s StatementList and<ét R be the result.
2. If R.value is not empty, thenet V = R.value.
3. Risan abrupt completian;then return (R.type, V, R.target).

Repeat, while foundInB is false and-all elements of B have not been processed
i Let C be the next CaseClause in B.
ii. Let clauseSelector be'the result of evaluating C.
iii. If input is equal toClauseSelector as defined by the === operator, then
1. SetfoundInB to true.
2. (If C has a StatementList, then
a Evaluate C’s StatementList and let R be the result.
b If R.value is not empty, then let V = R.value.
¢ Risanabrupt completion, then return (R.type, V, R.target).

Evaluate the DefaultClause’s StatementList and let R be the result.
IfR:value is not empty, then let V = R.value.
If R is an abrupt completion, then return (R.type, V, R.target).
(Note that if step 7.a.i has been performed this loop does not start at the beginning of B)
Let C be the next CaseClause in B. If there is no such CaseClause, return (normal, V, empty).
If C has a StatementList, then
i. Evaluate C’s StatementList and let R be the result.

ii. If R.value is not empty, then let V = R.value.
iii. If R is an abrupt completion, then return (R.type, V, R.target).

The production CaseClause : case Expression - StatementListyy is evaluated as follows:

1. Let exprRef be the result of evaluating Expression.

2. Return

NOTE

GetValue(exprRef).

Evaluating CaseClause does not execute the associated StatementList. It simply evaluates the Expression and

returns the value, which the CaseBlock algorithm uses to determine which StatementList to start executing.
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12.12 Labelled Statements

Syntax

LabelledStatement :
Identifier - Statement

Semantics

A Statepent-may-be-prefixed-by-alabe abelled-statements-are-o
and cogntinue statements. ECMAScript has no goto statement.

An ECMAScript program is considered syntactically incorrect if it contains a LabelledStatement that is enclosed
by a LgbelledStatement with the same Identifier as label. This does not apply to labels appearing within the body
of a FuhctionDeclaration that is nested, directly or indirectly, within a labelled statement.

The prpduction Identifier - Statement is evaluated by adding Identifier to the label set of Statement and then
evaluafing Statement. If the LabelledStatement itself has a non-empty label set, these labéls-are also added to
the labgl set of Statement before evaluating it. If the result of evaluating Statement is_(break, V, L) where L is
equal tp Identifier, the production results in (normal, V, empty).

Prior t¢ the evaluation of a LabelledStatement, the contained Statement is regafded as possessing an empty
label sgt, unless it is an IterationStatement or a SwitchStatement, in which cdse it is regarded as possessing a
label s¢t consisting of the single element, empty.

12.13| The throw Statement

Syntax

ThrowStatement :
Throw [no LineTerminator here] EXpression ;

Semarjtics
The production ThrowStatement : throw [no LineTerminator here] Expression ; is evaluated as follows:

1. Le{exprRef be the result of evaluating. Expression.
2. Refurn (throw, GetValue(exprRef),yempty).

12.14| The try Statement

Syntax

TryStatement :

try Block €atch

Try Block:Fihally

try Block Catch Finally

Catch :

catch ( Identifier ) Block

Finally :
finally Block

The try statement encloses a block of code in which an exceptional condition can occur, such as a runtime
error or a throw statement. The catch clause provides the exception-handling code. When a catch clause
catches an exception, its Identifier is bound to that exception.
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Semantics

The production TryStatement : try Block Catch is evaluated as follows:

1.
2.
3.

Let B be the result of evaluating Block.
If B.type is not throw, return B.
Return the result of evaluating Catch with parameter B.value.

The production TryStatement : try Block Finally is evaluated as follows:

PONE

Let B be the result of evaluating Block.
Let F be the result of evaluating Finally.
If F.type is normal, return B.

Return F.

The production TryStatement : try Block Catch Finally is evaluated as follows:

=

o

Let B be the result of evaluating Block.
If B.type is throw, then
a. Let C be the result of evaluating Catch with parameter B.value.
Else, B.type is not throw,
a. LetCbeB.
Let F be the result of evaluating Finally.
If F.type is normal, return C.
Return F.

The production Catch : catch ( Identifier ) Block is evaluated as follows:

o bR

©o~o

Let C be the parameter that has been passed to thissproduction.

Let oldEnv be the running execution context’s LexicalEnvironment.

Let catchEnv be the result of calling NewDeclatativeEnvironment passing oldEnv as the argument.
Call the CreateMutableBinding concrete_method of catchEnv passing the Identifier String value
argument.

as the

Call the SetMutableBinding concrete™method of catchEnv passing the Identifier, C, and false as argiiments.

Note that the last argument is immaterial in this situation.

Set the running execution context’s LexicalEnvironment to catchEnv.
Let B be the result of evaluating-Block.

Set the running execution-context’s LexicalEnvironment to oldEnv.
Return B.

NOTE No matter how_control leaves the Block the LexicalEnvironment is always restored to its former state.

The production Finally - Ffinally Block is evaluated as follows:

1.

Return the-result of evaluating Block.

12.14:4-Strict Mode Restrictions

production

alemen . N _d d
or "'arguments'.

is either ""eval™"

12.15 The debugger statement

Syntax

DebuggerStatement :

debugger ;
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Se

mantics

Evaluating the DebuggerStatement production may allow an implementation to cause a breakpoint when run
under a debugger. If a debugger is not present or active this statement has no observable effect.

The production DebuggerStatement : debugger ; is evaluated as follows:

1.

2.

3.

13 Fuinction Definition

Sy

FunctionDeclaration :

FunctionExpression :

FormalParameterList :

FunctionBody :

Se

The production

isi

The production

is evallilated as follows:

Th

If an implementation defined debugging facility is available and enabled, then

a. Perform an implementation defined debugging action.
b Let result he an imr\lnmnnmfinn defined (‘nmr\lpfinn value

Else
a. Letresult be (normal, empty, empty).
Return result.

ntax

Tunction ldentifier ( FormalParameterList,y ) { FunctionBody }

Tunction ldentifiery, ( FormalParameterList,, ) { FunctionBody }

dentifier
FormalParameterList , ldentifier

ourceElementsgp

marntics

FungtionDeclaration : function Identifier ((FormalParameterList,,: ) { FunctionBody }
nstantiated as follows during Declaration Binding instantiation (10.5):

Refurn the result of creating,a\.new Function object as specified in 13.2 with parameters specified by
FormalParameterList,,, and._body specified by FunctionBody. Pass in the VariableEnvironment of the running
exdcution context as the Scope./Pass in true as the Strict flag if the FunctionDeclaration is contained in strict code
or if its FunctionBody is strict code.

FungtionExpression--*function ( FormalParameterList,, ) { FunctionBody }

RefurnAthe result of creating a new Function object as specified in 13.2 with parameters specified by
FormatParameterListo,; and body specified by FunctionBody. Pass in the LexicalEnvironment of the running
executio OlNEXL a € OpPE. Fd UE d c d( c u 0) XPre 0 ortalried ode O
if its FunctionBody is strict code.

e production
FunctionExpression : function ldentifier ( FormalParameterList,, ) { FunctionBody }

is evaluated as follows:

1

2.
3.

98

Let funcEnv be the result of calling NewDeclarativeEnvironment passing the running execution context’s Lexical
Environment as the argument

Let envRec be funcEnv’s environment record.

Call the CreatelmmutableBinding concrete method of envRec passing the String value of Identifier as the argument.
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4. Let closure be the result of creating a new Function object as specified in 13.2 with parameters specified by
FormalParameterList,,: and body specified by FunctionBody. Pass in funcEnv as the Scope. Pass in true as the
Strict flag if the FunctionExpression is contained in strict code or if its FunctionBody is strict code.

5. Call the InitializelmmutableBinding concrete method of envRec passing the String value of Identifier and closure as
the arguments.

6. Return closure.

NOTE The Identifier in a FunctionExpression can be referenced from inside the FunctionExpression's FunctionBody to
allow the function to call itself recursively. However, unlike in a FunctionDeclaration, the Identifier in a FunctionExpression

..... aa f a abe-anclacsina-tha Q a6
1O

The production FunctionBody : SourceElementsyy is evaluated as follows:

1. The code of this FunctionBody is strict mode code if it is part of a FunctionDeclaration or FunctionExpresdion that
is contained in strict mode code or if the Directive Prologue (14.1) of its SourceElements contains a Uge Strict
Directive or if any of the conditions in 10.1.1 apply. If the code of this FunctionBody "is strict mode code,
SourceElements is evaluated in the following steps as strict mode code. Otherwise, SourceElements is evalliated in
the following steps as non-strict mode code.

If SourceElements is present return the result of evaluating SourceElements.
3. Else return (normal, undefined, empty).

n

13.1 Strict Mode Restrictions

It is a SyntaxError if any ldentifier value occurs more than once within a FormalParameterList of a strigt mode
FunctionDeclaration or FunctionExpression.

It is a SyntaxError if the Identifier "*eval' or the Identifier “arguments' occurs within a FormalParamjeterList
of a strict mode FunctionDeclaration or FunctionExpression,

It is a SyntaxError if the Identifier ""eval" or the ldentifier ""arguments™ occurs as the ldentifier ofja strict
mode FunctionDeclaration or FunctionExpression.

13.2 Creating Function Objects

Given an optional parameter list specified by FormalParameterList, a body specified by FunctionBody, a [Lexical
Environment specified by Scopetand a Boolean flag Strict, a Function object is constructed as follows:

Create a new native ECIMASCript object and let F be that object.

Set all the internal methaods, except for [[Get]], of F as described in 8.12.

Set the [[Class]] internal property of F to ""Function'.

Set the [[Prototype]] internal property of F to the standard built-in Function prototype object as specified in 1p.3.3.1.

Set the [[Get]]\internal property of F as described in 15.3.5.4.

Set the [[€aHl]] internal property of F as described in 13.2.1.

Set the [[Construct]] internal property of F as described in 13.2.2.

Set the [[HasInstance]] internal property of F as described in 15.3.5.3.

Set the [[Scope]] internal property of F to the value of Scope.

0sLet names be a List containing, in left to right textual order, the Strings corresponding to the identifiers of

FormalParameterList. If no parameters are specified, let names be the empty list. r

1T Set the [[FormalParameters]] internal property of F to names.

12. Set the [[Code]] internal property of F to FunctionBody.

13. Set the [[Extensible]] internal property of F to true.

14. Let len be the number of formal parameters specified in FormalParameterList. If no parameters are specified, let len
be 0.

15. Call the [[DefineOwnProperty]] internal method of F with arguments "*length", Property Descriptor {[[Value]]:
len, [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false}, and false.

16. Let proto be the result of creating a new object as would be constructed by the expression new Object(Qwhere
Object is the standard built-in constructor with that name.

17. Call the [[DefineOwnProperty]] internal method of proto with arguments "‘constructor", Property Descriptor

{[[Value]]: F, { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: true}, and false.

BOONO O~ wWNE
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18. Call the [[DefineOwnProperty]] internal method of F with arguments ""prototype', Property Descriptor
{[[Value]]: proto, { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: false}, and false.
19. If Strict is true, then
a. Let thrower be the [[ThrowTypeError]] function Object (13.2.3).
b. Call the [[DefineOwnProperty]] internal method of F with arguments ""‘cal ler™, PropertyDescriptor
{[[Get]]: thrower, [[Set]]: thrower, [[Enumerable]]: false, [[Configurable]]: false}, and false.
c. Call the [[DefineOwnProperty]] internal method of F with arguments ""arguments"’, PropertyDescriptor
{[[Get]]: thrower, [[Set]]: thrower, [[Enumerable]]: false, [[Configurable]]: false}, and false.
20. Return F.

NOTE A prototype property is automatically created for every function, to allow for the possibility that the function
will be ysed as a constructor.

13.2.1 | [[Call]]

When the [[Call]] internal method for a Function object F is called with a this value and a list of ‘arguments, the
following steps are taken:

1. LeffuncCtx be the result of establishing a new execution context for function code(using the value of F's
[[FormalParameters]] internal property, the passed arguments List args, and the this value as described in
1044.3.

2. Le{result be the result of evaluating the FunctionBody that is the value of F's-{[Code]] internal property. If

F does not have a [[Code]] internal property or if its value is an empty FunctionBody, then result is (normal,

ungdefined, empty).

Ex|t the execution context funcCtx, restoring the previous executioh.context.

If nesult.type is throw then throw result.value.

If nesult.type is return then return result.value.

Otherwise result.type must be normal. Return undefined.

o0 AwW

13.2.2 | [[Construct]]

When the [[Construct]] internal method for a Functien-object F is called with a possibly empty list of arguments,
the follpwing steps are taken:

Lef obj be a newly created native ECMAScript object.

Set]all the internal methods of obj as specified in 8.12.

Setthe [[Class]] internal property of-abj‘'to ""Object"".

Set|the [[Extensible]] internal property of obj to true.

Lef proto be the value of calling the [[Get]] internal property of F with argument ""‘prototype"".

If Type(proto) is Object, set.the'[[Prototype]] internal property of obj to proto.

If Type(proto) is not Objéct; set the [[Prototype]] internal property of obj to the standard built-in Object prototype
objgct as described in15:2.4.

Lef result be the resultof calling the [[Call]] internal property of F, providing obj as the this value and providing the
argument list passed into [[Construct]] as args.

9. If Type(resulf)is Object then return result.

10. Refurn obj.

No ok whE

©

13.2.3

The [[ThrowTypeError]] object is a unique function object that is defined once as follows:

Create a new native ECMAScript object and let F be that object.

Set all the internal methods of F as described in 8.12.

Set the [[Class]] internal property of F to ""Function"".

Set the [[Prototype]] internal property of F to the standard built-in Function prototype object as specified in 15.3.3.1.
Set the [[Call]] internal property of F as described in 13.2.1.

Set the [[Scope]] internal property of F to the Global Environment.

Set the [[FormalParameters]] internal property of F to an empty List.

Nook~kownE
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8. Setthe [[Code]] internal property of F to be a FunctionBody that unconditionally throws a TypeError exception and
performs no other action.

9. Call the [[DefineOwnProperty]] internal method of F with arguments "*length™, Property Descriptor {[[Value]]: 0,
[[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false}, and false.

10. Set the [[Extensible]] internal property of F to false.

11. Let[[ThrowTypeError]] be F.

14 Program

Syntax

Program :
SourceElementsqp

SourceElements :
SourceElement
SourceElements SourceElement

SourceElement :
Statement
FunctionDeclaration

Semantics

The production Program : SourceElements,,; is evaluated as follews:

1. The code of this Program is strict mode code if the Directive Prologue (14.1) of its SourceElements cpntains
a Use Strict Directive or if any of the conditions 0f<10.1.1 apply. If the code of this Program is strict node
code, SourceElements is evaluated in the following steps as strict mode code. Otherwise SourceElemgnts is
evaluated in the following steps as non-strictmode code.

If SourceElements is not present, return (normal, empty, empty).

Let progCxt be a new execution context*for global code as described in 10.4.1.
Let result be the result of evaluating SqurceElements.

EXit the execution context progCxt:

Return result.

EEGENTREN

NOTE The processes for jnitiating the evaluation of a Program and for dealing with the result of such an evpluation
are defined by an ECMAScript implementation and not by this specification.

The production SourceElements : SourceElements SourceElement is evaluated as follows:

Let headResult-be the result of evaluating SourceElements.

If headResultvis an abrupt completion, return headResult.

Let tailResult be result of evaluating SourceElement.

If tailResult.value is empty, let V = headResult.value, otherwise let V = tailResult.value.
Returh (tailResult.type, V, tailResult.target)

g wNE

The production SourceElement : Statement is evaluated as follows:

1. Return the result of evaluating Statement.

The production SourceElement : FunctionDeclaration is evaluated as follows:

1. Return (normal, empty, empty).

14.1 Directive Prologues and the Use Strict Directive

A Directive Prologue is the longest sequence of ExpressionStatement productions occurring as the initial
SourceElement productions of a Program or FunctionBody and where each ExpressionStatement in the sequence
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consists entirely of a StringLiteral token followed a semicolon. The semicolon may appear explicitly or may be
inserted by automatic semicolon insertion. A Directive Prologue may be an empty sequence.

A Use Strict Directive is an ExpressionStatement in a Directive Prologue whose StringLiteral is either the exact
character sequences "use strict' or "use strict®". AUs e Strict Directive maynot contain an
EscapeSequence or LineContinuation.

A Directive Prologue may contain more than one Use Strict Directive. However, an implementation may issue
a warning if this occurs.

NOTE The ExpressionStatement productions of a Directive Prologue are evaluated normally during evaluation ofithe
containing SourceElements production. Implementations may define implementation specific meanings™, for
ExpressipnStatement productions which are not a Use Strict Directive and which occur in a Directive Prologue. /If an
approprjate notification mechanism exists, an implementation should issue a warning if it encounters in-a/ Directive
Prologue an ExpressionStatement that is not a Use Strict Directive or which does not have a meaning defined by the
implemegntation.

15 Standard Built-in ECMAScript Objects

There pre certain built-in ob jects available whenever an ECMAScript program“begins execution. One, the
global pbject, is part of the lexical environment of the executing program. Others are accessible as initial
properfies of the global object.

Unless| specified otherwise, the [[Class]] internal property of a built-in{object is ""Function’ if that built-in
object |has a [[Call]] internal property, or ""Object" if that built-in,0bject does not have a [[Call]] inte rnal
properfy. Unless specified otherwise, the [[Extensible]] internal _property of a built-in object initially has the
value tfue.

Many built-in objects are functions: they can be invokedswith arguments. Some of them furthermore are
constryctors: they are functions intended f or use with-'the new operator. For each built-in function, this
specifi¢ation describes the arguments required by that function and properties of the Function object. For each
built-in| constructor, this specification furthermore” describes properties of the p rototype object of t hat
constryctor and properties of specific object(instances returned by a new expression that invokes that
constryctor.

Unless| otherwise specified in the deseription of a particular function, if a function or constructor described in
this clause is given fewer arguments than the function is specified to require, the function or constructor shall
behavg exactly asifit had been/given sufficient additional arguments, each such argument be ing the
undefihed value.

Unless| otherwise specified’in the description of a particular function, if a function or constructor described in
this clause is given maere arguments than the function is specified to allow, the extra arguments are evaluated
by the kall and then.ignored by the function. However, an implementation may define implementation specific
behavipur relating™to such arguments as long as the behaviour is not the throwing of a TypeError exception
that is predicated.Simply on the presence of an extra argument.

NOTE Implementations that add additional capabilities to the set of built-in functions are encouraged to do so by
adding newfunctions rather than adding new parameters to existing fiinctions

Every built-in function and every built-in constructor has the Function prototype object, which is the initial value
of the expression Function.prototype (15.3.4), as the value of its [[Prototype]] internal property.

Unless otherwise specified every built-in prototype object has the Object prototype object, which is the initial
value of the expression Object._prototype (15.2.4), as the value of its [[Prototype]] internal property,
except the Object prototype object itself.

None of the built-in functions described in this clause that are not constructors shall implement the
[[Construct]] internal method unless otherwise specified in the description of a particular function. None of the
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built-in functions described in this clause shall have a prototype property unless otherwise specified in the

description of a particular function.

This clause generally describes distinct behaviours for when a constructor is “called as a function” and for

when itis “called as part of a new expression”. The “called as a function” behaviour corresponds

to the

invocation of the constructor’s [[Call]] internal method and the “called as part of a new expression” behaviour

corresponds to the invocation of the constructor’s [[Construct]] internal method.

Every built-in Function object described in this clause—whether as a constructor, an ordinary function, or

both—has a Tength property whose value IS an integer. Unless otherwise specified, this value 1S equd
largest number of named arguments shown in the subclause headings for the function description, in
optional parameters.

NOTE For example, the Function object that is the initial value of the slice property of the Strifig, pfototype
described under the subclause heading “String.prototype.slice (start, end)” which shows the two.named argume
and end; therefore the value of the Iength property of that Function object is 2.

In every case, the length property of a built-in Function object described in_thisclause has the at
{ [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }. Every jother property described

| to the
cluding

bbject is
hts start

ributes
in this

clause has the attributes { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: true } unless otherwise

specified.

15.1 The Global Object
The unique global object is created before control enters any.execution context.

Unless otherwise specified, the standard built-in properties of the global object have attributes {[[Wr
true, [[Enumerable]]: false, [[Configurable]]: true}.

The global object does not have a [[Construct]] intérnal property; it is not possible to use the global obje
constructor with the new operator.

The global object does not have a [[CallJ}<internal property; it is not possible to invoke the global obje
function.

The values of the [[Prototype]l.and [[Class]] internal properties of the global object are impleme
dependent.

In addition to the properties defined in this specification the global object may have additional host
properties. This may-inelude a property whose value is the global object itself; for example, in the
document object model the window property of the global object is the global object itself.

15.1.1 Value‘Properties of the Global Object

15.1.4.2 NaN

table]]:

ctas a

ct as a

htation-

Hefined
HTML

The value of NaN is NaN (see 8.5). This property has the attributes { [[Writable]]: false, [[Enumerable]

. false,

[[Configurable]]: false }.

15.1.1.2 Infinity

The value of Infinity is +w (see 8.5). This property has the attributes { [[Writable]]: false, [[Enumerable]l:

false, [[Configurable]]: false }.
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15.1.1.3 undefined

The value of undefined is undefined (see 8.1). This property has the attributes {[[Writable]]: false,
[[Enumerable]]: false, [[Configurable]]: false }.

15.1.2 Function Properties of the Global Object

15.1.2.1 eval (x)

When the eval function is called with one argument x, the following steps are taken:

1. If Type(x) is not String, return x.

2. Lef prog be the ECMAScript code that is the result of parsing x as a Program. If the parse fails,”throw a
SymtaxError exception (but see also clause 16).

3. LefevalCtx be the result of establishing a new execution context (10.4.2) for the eval code prog.

4. Lefresult be the result of evaluating the program prog.

5. Exit the running execution context evalCtx, restoring the previous execution context.

6. If result.type is normal and its completion value is a value V, then return the value V.

7. If result.type is normal and its completion value is empty, then return the value undefined.

8. Otherwise, result.type must be throw. Throw result.value as an exception.

15.1.21.1  Direct Call to Eval

A diregt call to the eval function is one that is expressed as a CallExpression that meets the following two

conditipns:

The Régference that is the result of evaluating the MemberExpression in the CallExpression has an environment

record ps its base value and its reference name is "eval ‘!

The regult of calling the abstract operation GetValue with that Reference as the argument is the standard built-

in function defined in 15.1.2.1.

15.1.2.2 parseint (string , radix)

The parselnt function produces anvinteger value dictated by interpretation of the contents of the string

argumegnt according to the specified-radix. Leading white space in string is ignored. If radix is undefined or 0,

it is assumed to be 10 except when-the number begins with the character pairs Ox or 0X, in which case a radix

of 16 i assumed. If radix is 16,'the number may also optionally begin with the character pairs Ox or OX.
When the parselInt function is called, the following steps are taken:
1. Le{inputString b& ToString(string).
2. Let S be_arnewly created substring of inputString consisting of the first character that is not a
StrWhiteSpaceChar and all characters following that character. (In other words, remove leading white
spdce.) i inputString does not contain any such characters, let S be the empty string.
3. Lef{sign be 1.
4. If Sis not empty and the first character of S is a minus sign -, let sign be —1.
5. If Sis not empty and the first character of S is a plus sign + or a minus sign -, then remove the first character
from S.
6. LetR =Tolnt32(radix).
7. Let stripPrefix be true.
8. IfR =0, then
a. IfR<2orR > 36, then return NaN.
b. If R = 16, let stripPrefix be false.

9. Else,R=0
a. LetR=10.

10. If stripPrefix is true, then
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a. If the length of S is at least 2 and the first two characters of S are either “0x” or “0X”, then
the first two characters from S and let R = 16.

remove

11. If S contains any character that is not a radix-R digit, then let Z be the substring of S consisting of all

characters before the first such character; otherwise, let Z be S.
12. If Z is empty, return NaN.

13. Let mathInt be the mathematical integer value that is represented by Z in radix-R notation, using the letters
A-Z and a-z for digits with values 10 through 35. (However, if R is 10 and Z contains more than 20
significant digits, every significant digit after the 20th may be replaced by a 0 digit, at the option of the
implementation; and if R is not 2, 4, 8, 10, 16, or 32, then mathint may be an implementation-dependent

= IIULdliUII.)

14. Let number be the Number value for mathint.

15. Return sign x number.

NOTE parselnt may interpret only a leading portion of string as an integer value; it ignores a@ny.Characters that

cannot be interpreted as part of the notation of an integer, and no indication is given that any,.such characters were

ignored.

15.1.2.3 parseFloat (string)

The parseFloat function produces a Number value dictated by interpretation of the contents of the string

argument as a decimal literal.

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

1. LetinputString be ToString(string).

2. Let trimmedString be a substring of inputString consisting of the leftmost character that is| not a
StrWhiteSpaceChar and all characters to the right of that“character. (In other words, remove leading white
space.) If inputString does not contain any such charactéers, let trimmedString be the empty string.

3. If neither trimmedString nor any prefix of trimmedString satisfies the syntax of a StrDecimalLitefal (see
9.3.1), return NaN.

4. Let numberString be the longest prefix of trimimedString, which might be trimmedString itself, that datisfies
the syntax of a StrDecimalLiteral.

5. Return the Number value for the MV of humberString.

NOTE parseFloat may interpret otly-a leading portion of string as a Number value; it ignores any characfers that

cannot be interpreted as part of the notation of an decimal literal, and no indication is given that any such charactgrs were

ignored.

15.1.2.4 isNaN (number)

Returns true if the argument coerces to NaN, and otherwise returns false.

1. If ToNumber(number) is NaN, return true.

2. Otherwise/return false.

NOTE A'reliable way for ECMAScript code to test if a value X is a NaN is an expression of the form X 1==| X. The

result wit-be true if and only if X is a NaN.

15.1.2.5 isFinite (humber)

Returns false if the argument coerces to NaN, +w©, or —o, and otherwise returns true.

1. If ToNumber(number) is NaN, +o0, or —oo, return false.
2. Otherwise, return true.

15.1.3 URI Handling Function Properties

Uniform Resource Identifiers, or URIs, are Strings that identify resources (e.g. web pages or files) and transport protocols
by which to access them (e.g. HTTP or FTP) on the Internet. The ECMAScript language itself does not provide any
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support for using URIs except for functions that encode and decode URIs as described in 15.1.3.1, 15.1.3.2, 15.1.3.3 and
15.1.3.4.

NOTE Many implementations of ECMAScript provide additional functions and methods that manipulate web pages;
these functions are beyond the scope of this standard.

A URI is composed of a sequence of components separated by component separators. The general form is:

Scheme : First / Second ; Third ? Fourth

where the italicised names represent components and “:”, “/”, “;” and “?” are reserved characters used. as
separafors. The encodeURI and decodeURI functions are intended to work with complete URIs they
assume that any reserved characters in the URI are intended to have special meaning and sp -are not
encodgd. The encodeURIComponent and decodeURIComponent functions are intended to workiwith the
individyial component parts of a URI; they assume that any reserved characters represent text and,so must be
encoddd so that they are not interpreted as reserved characters when the component is part ‘of a c omplete
URI.

The following lexical grammar specifies the form of encoded URIs.

Syntax

uri :::

riCharactersqp

uriChanacters :::
riCharacter uriCharactersyp

uriChanacter :::
riReserved
riUnescaped
riEscaped

uriResefved ::: one of
/ ? : 0 &

uriUnegcaped :::
riAlpha
ecimalDigit
riMark

uriEscaped :::
» HexDigit HexDigit

uriAlphp ::: one of
b d f
B D F

®Q
>
(&=
X
~ ==
=3
=235
oo
pehe]
loNe]
0=
nn
=+
cc
<<
==
x X
<<
N N

C e
€ E

uriMark <+one of
I — -

NOTE The above syntax is based upon RFC 2396 and does not reflect changes introduced by the more recent RFC
3986.

When a character to be included in a URI is not listed above or is not intended to have the special meaning
sometimes given to the reserved characters, that character must be encoded. The character is transformed
into its UTF-8 encoding, with surrogate pairs first converted from UTF-16 to the corresponding code point
value. (Note that for code units in the range [0,127] this results in a single octet with the same value.) The
resulting sequence of octets is then transformed into a String with each octet represented by an escape
sequence of the form “%xx”.
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The encoding and es caping process is described by the abstract operation Encode taking two String
arguments string and unescapedSet.

PwdE

Repeat
a.

Let strLen be the number of characters in string.
Let R be the empty String.
Let k be 0.

If k equals strLen, return R.

b. Let C be the character at position k within string.
C. HCasTm uriescapedset, tiern
i. Let S be a String containing only the character C.
ii. Let R be a new String value computed by concatenating the previous value of R'and §.
d. Else, Cis notin unescapedSet
i If the code unit value of C is not less than 0xDCO00 and not greater than.OxDFFF, throw a
URIError exception.
ii. If the code unit value of C is less than 0xD800 or greater than OXDBFE) then
1. LetV be the code unit value of C.
iii. Else,
1. Increase k by 1.
2. If k equals strLen, throw a URIError exception.
3. Let kChar be the code unit value of the character.at position k within string.
4. If kChar is less than OxDCOO or greater than OxDFFF, throw a URIError
exception.
5. Let V be (((the code unit value of C) = 0xD800) x 0x400 + (kChar — 0xDIC00) +
0x10000).
iv. Let Octets be the array of octets resulting.by applying the UTF-8 transformation to| V, and
let L be the array size.
V. Let j be 0.
Vi. Repeat, while j <L
1. Let jOctet be the value-at position j within Octets.
2. Let S be a String contéining three characters “%XY” where XY are two uppercase
hexadecimal digits eéncoding the value of jOctet.
3. Let R be a new"String value computed by concatenating the previous value of R and
S.
4. Increasg-\y 1.
e. Increase k by 1.

The unescaping and decoding. process is described by the abstract operation Decode taking two| String

arguments string and resenvedSet.

rwdE

Repeat
a,
o}
C.

d.

Let strLen be thesnumber of characters in string.
Let R be the empty String.
Let k be 0.

Ifk equals strLen, return R.
Let C be the character at position k within string.
If C is not “‘%’, then
i Let S be the String containing only the character C.
Else, Cis ‘%’

R Let start be k.
il If k + 2 is greater than or equal to strLen, throw a URIError exception.
iii. If the characters at position (k+1) and (k + 2) within string do not represent hexadecimal
digits, throw a URIError exception.
iv. Let B be the 8-bit value represented by the two hexadecimal digits at position (k + 1) and (k

+2).
V. Increment k by 2.
Vi. If the most significant bit in B is 0, then

1. Let C be the character with code unit value B.
2. If Cis not in reservedSet, then
a Let S be the String containing only the character C.
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3. Else, Cis in reservedSet
a Let S be the substring of string from position start to position k included.

Vii. Else, the most significant bitin Bis 1
Let n be the smallest non-negative number such that (B << n) & 0x80 is equal to 0.
If n equals 1 or n is greater than 4, throw a URIError exception.
Let Octets be an array of 8-bit integers of size n.
Put B into Octets at position 0.
If k + (3 x (n— 1)) is greater than or equal to strLen, throw a URIError exception.
Letj be 1.

NOTE
RFC 39

In UTF-
order bi
octet hg
value o
0, leavi
charact

JogagrwpnrE

Repeat, witite j=<n

a Increment k by 1.

b If the character at position k is not ‘%’, throw a URIError exception.

c If the characters at position (k +1) and (k + 2) within string. de not
represent hexadecimal digits, throw a URIError exception.

d Let B be the 8-bit value represented by the two hexadecimal’ digits at
position (k + 1) and (k + 2).

e If the two most significant bits in B are not 10, throw a URIError
exception.

f Increment k by 2.

g Put B into Octets at position j.

h  Increment j by 1.

8. Let V be the value obtained by applying the UTF-8 tfansformation to Octets, that is,
from an array of octets into a 21-bit value. If Oe¢tetsdoes not contain a valid UTF-8
encoding of a Unicode code point throw an URTError exception.

9. If Vis less than 0x10000, then

a Let C be the character with codeunit value V.
b If Cis not in reservedSet, then
i. Let S be the String.¢ontaining only the character C.
c Else, Cisin reservedSet
i Let S be the substring of string from position start to position k
included.
10. Else, V is > 0x10000
a LetL be (((V-=0x10000) & 0x3FF) + 0xDCO00).
b Let H be ((((\V— 0x10000) >> 10) & 0x3FF) + 0xD800).
c Let S be'the String containing the two characters with code unit values H
and L.
e. LetR be a new String value ‘computed by concatenating the previous value of R and S.
f. Increase k by 1.

This syntax of Uniform Resource Identifiers is based upon RFC 2396 and does not reflect the more recent
86 which replaces RFC 2396, ‘A formal description and implementation of UTF-8 is given in RFC 3629.

B, characters are encoded using sequences of 1 to 6 octets. The only octet of a "sequence" of one has the higher-
set to 0, the remaining 7 bits being used to encode the character value. In a sequence of n octets, n>1, the initial
s the n higher-otder bits set to 1, followed by a bit set to 0. The remaining bits of that octet contain bits from the
the charagter'to be encoded. The following octets all have the higher-order bit set to 1 and the following bit set to
g 6 bitsdinveach to contain bits from the character to be encoded. The possible UTF-8 encodings of ECMAScript
brs are\Specified in Table 21.
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Table 21 — UTF-8 Encodings

Code Unit Value Representation 1% Octet 2" Octet 3" Octet 4" Octet

0x0000 - OxO007F 00000000 0zzzzzzz 0zzzzzzz

0x0080 - OxO7FF 00000yyy yyzzzzzz 110yyyyy 10zzzzzz

0x0800 - OxD7FF XXXXYYYY YYZ2277Z7 1110XXXX 10yyyyyy 10zzzzzz

0xD800 - OxDBFF 110110vV VVWWWWXX

followed by followed by 11110uuu 10uuwwww 10xxyyyy | 10zzzzzz
OxDCOO — OXDFFF 110111yy yyzzzzzz
0xD800 - OxDBFF
not followed by causes URIError

0xDCOO — OXDFFF

0xDCOO — OxDFFF causes URIError

OxEO00 - OXFFFF XXXXYYYY YYyZzzz77 1110XXXX 10yyyyyy 10zzzzzz
Where

uuuuu =vvvv +1
to account for the addition of 0x10000 as in Surrogates, section 3.7, of the Unicode Standard.
The range of code unit values 0xD800-0xDFFF is used to encode surrogate pairs; the above transformation conjbines a
UTF-16 surrogate pair into a UTF-32 representation and encodes the resulting 21-bit value in UTF-8. Decoding
reconstructs the surrogate pair.
RFC 3629 prohibits the decoding of invalid UTF-8 octet sequences: For example, the invalid sequence CO 80 must not
decode into the character U+0000. Implementations of the Decode algorithm are required to throw a URIErrgr when
encountering such invalid sequences.
15.1.3.1 decodeURI (encodedURI)
The decodeURI function computes a new version of a URIlin which each escape sequence and|UTF-8
encoding of the sort that might be introduced by the encodeURI1 function is replaced with the character that it
represents. Escape sequences that could not have been introduced by encodeURI are not replaced.
When the decodeURI function is talled with one argument encodedURI, the following steps are taken:
1. LeturiString be ToString(ehcodedURI).
2. Let reservedURISet be'a-String containing one instance of each character valid in uriReserved plus “#".
3. Return the result ef\calling Decode(uriString, reservedURISet)
NOTE The character “#” is not decoded from escape sequences even though it is not a reserved URI character.
15.1.3.2 ,~decodeURIComponent (encodedURIComponent)
The decodeURIComponent function computes a new version of a URI in which each escape sequerfce and
UTF-8 encoding of the sort that might be introduced by the encodeURIComponent function is replaced with
the’character that it represents

When the decodeURIComponent function is called with one argument encodedURIComponent, the following

steps are taken:
1. Let componentString be ToString(encodedURIComponent).

2. Let reservedURIComponentSet be the empty String.
3. Return the result of calling Decode(componentString, reservedURIComponentSet)
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15.1.3.3 encodeURI (uri)

The encodeURI function computes a new version of a URI in which each instance of certain characters is
replaced by one, two, three, or four escape sequences representing the UTF-8 encoding of the character.

When the encodeURI function is called with one argument uri, the following steps are taken:

1. LeturiString be ToString(uri).
2. Let unescapedURISet be a String containing one instance of each character valid in uriReserved and

urinescaped plus “#”.
3. Return the result of calling Encode(uriString, unescapedURISet)

NOTE The character “#” is not encoded to an escape sequence even though it is not a reserved or uneseaped URI
charactér.

15.1.3.4 encodeURIComponent (uriComponent)

The encodeURIComponent function computes a new version of a URI in which each/instance of certain
characiers is replaced by one, two, three, or four escape sequences representing the)UTF-8 encoding of the
character.

When the encodeURIComponent function is called with one argument uriComponent, the following steps are
taken:

1. Le{componentString be ToString(uriComponent).
2. Le{unescapedURIComponentSet be a String containing one instance of each character valid in

urilJnescaped.
3. Refurn the result of calling Encode(componentString, uneséapedURIComponentSet)

15.1.4 | Constructor Properties of the Global Object

15.1.41 Object(...)

See 1§2.1 and 15.2.2.

15.1.4.2 Function(...)

See 15.3.1 and 15.3.2.

151.48 Array(...)

See 15.4.1 and 16.42.

15.1.44 .String(...)

See 155 tamd 1552

15.1.4.5 Boolean(...)

See 15.6.1 and 15.6.2.

15.1.4.6 Number(...)

See 15.7.1 and 15.7.2.
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151.4.7 Date(...)

See 15.9.2.

15.1.4.8 RegExp(...)

See 15.10.3 and 15.10.4.

T5.1.49 Error (...)

See 15.11.1 and 15.11.2.

15.1.4.10 EvalError (...)

See 15.11.6.1.

15.1.4.11 RangeError(...)

See 15.11.6.2.

15.1.4.12 ReferenceError (...)

See 15.11.6.3.

15.1.4.13 SyntaxError (...)

See 15.11.6.4.

15.1.4.14 TypeError(...)

See 15.11.6.5.

15.1.4.15 URIError (...)

See 15.11.6.6.

15.1.5 Other Préperties of the Global Object

15.1.5.1 _Math

See 15.8.

1514152 JISON

See 15.12.

15.2 Object Objects

15.2.1 The Object Constructor Called as a Function

When Object is called as a function rather than as a constructor, it performs a type conversion.
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15.2.1.1 Object ([ value ])

When the Object function is called with no arguments or with one argument value, the following steps are
taken:

1. If value is null, undefined or not supplied, create and return a new Object object exactly as if the standard
built-in Object constructor had been called with the same arguments (15.2.2.1).
2. Return ToObject(value).

15.2.2 | The Object Constructor

When Pbject is called as part of a new expression, it is a constructor that may create an object.

15.2.21 new Object ([ value ])

When the Object constructor is called with no arguments or with one argument value, the/following steps are
taken:

1. If Jalue is supplied, then
a. |If Type(value) is Object, then
i. If the value is a native ECMAScript object, do not create a new object but simply return
value.
il If the value is a host object, then actions are taken and atesult is returned in an
implementation-dependent manner that may depend on the host object.
b. If Type(value) is String, return ToObject(value).
c. If Type(value) is Boolean, return ToObject(value).
d. If Type(value) is Number, return ToObject(value),
Assert: The argument value was not supplied or its type was’Null or Undefined.
Lef obj be a newly created native ECMAScript object.
Sefl the [[Prototype]] internal property of obj to the standard built-in Object prototype object (15.2.4).
Sef the [[Class]] internal property of obj to ""Object™.
Sef the [[Extensible]] internal property of obj.to tfue.
Sef all the internal methods of obj as specifiédin 8.12.
Return obj.

N GOR~WN

15.2.3 | Properties of the Object Constructor

The vdlue of the [[Prototype]}-internal property of the Object constructor is the standard built-in Function
prototype object.

Besidep the internal properties and the length property (whose value is 1), the Object constructor has the
following properties:

15.2.3.1 Object.prototype

The inifidlvalue of Object.prototype is the standard built-in Object prototype object (15.2.4).

This property has the attributes {[[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.2.3.2 Object.getPrototypeOf ( O )
When the getPrototypeOT function is called with argument O, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.
2. Return the value of the [[Prototype]] internal property of O.
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15.2.3.3 Object.getOwnPropertyDescriptor ( O, P )
When the getOwnPropertyDescriptor function is called, the following steps are taken:

If Type(O) is not Object throw a TypeError exception.

Let name be ToString(P).

Let desc be the result of calling the [[GetOwnProperty]] internal method of O with argument name.
Return the result of calling FromPropertyDescriptor(desc) (8.10.4).

PONE

[15.2.3.4 Object.getOwnPropertyNames ( O )
When the getOwnPropertyNames function is called, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.
2. Letarray be the result of creating a new object as if by the expression new Array () where Array is the
standard built-in constructor with that name.
3. LetnbeO.
4. For each named own property P of O
a. Let name be the String value that is the name of P.
b. Call the [[DefineOwnProperty]] internal method of array with arguments ToString(n), the

PropertyDescriptor {[[Value]]: name, [[Writable]]: true, [[Enumerable]]: true, [[Configurablg]]:
true}, and false.
c. Incrementn by 1.
5. Return array.
NOTE If O is a String instance, the set of own properties processed in step 4 includes the implicit properties|defined

in 15.5.5.2 that correspond to character positions within the object’s [[PrimitiveValue]] String.

15.2.3.5 Object.create ( O [, Properties] )

The create function creates a new object with a.specified prototype. When the create function is called, the
following steps are taken:

1. If Type(O) is not Object or Null throw;a TypeError exception.

2. Let obj be the result of creating angw object as if by the expression new Object() where Object is the
standard built-in constructor with*that name

3. Set the [[Prototype]] internal\property of obj to O.

4. If the argument Properti€s'is present and not undefined, add own properties to obj as if by calling thqg
standard built-in function Object.defineProperties with arguments obj and Properties.

5. Return obj.

15.2.3.6 Object{defineProperty ( O, P, Attributes )

The defineProperty function is used to add an own property and/or update the attributes of an existing own
property of\an object. When the defineProperty function is called, the following steps are taken:

IfFype(O) is not Object throw a TypeError exception.

ket name be ToString(P).

L et desc be the result of calling ToPropertyDescriptor with Atfributes as the argument

Call the [[DefineOwnProperty]] internal method of O with arguments name, desc, and true.
Return O.

OB e

15.2.3.7 Object.defineProperties ( O, Properties )

The defineProperties function is used to add own properties and/or update the attributes of existing own
properties of an object. When the defineProperties function is called, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.
2. Let props be ToObject(Properties).
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Let names be an internal list containing the names of each enumerable own property of props.
Let descriptors be an empty internal List.
5. For each element P of names in list order,

pw

a. Let descObj be the result of calling the [[Get]] internal method of props with P as the argument.

b. Let desc be the result of calling ToPropertyDescriptor with descObj as the argument.

c. Append the pair (a two element List) consisting of P and desc to the end of descriptors.
6. For each pair from descriptors in list order,

a. Let P be the first element of pair.

b. Let desc be the second element of pair.

T Cattthe f{DefmeOwnPropertytHmtermat method-of O withrargumments P desc;,andtrue:
7. Return O.

If an in:plementation defines a specific order of enumeration for the for-in statement, that same enumeration

order must be used to order the list elements in step 3 of this algorithm.

15.2.3.8 Object.seal (O)
When the seal function is called, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.

2. Fof each named own property name P of O,

a. Let desc be the result of calling the [[GetOwnProperty]] internal method of O with P.

b. If desc.[[Configurable]] is true, set desc.[[Configurable]] to fals€,

c. Call the [[DefineOwnProperty]] internal method of O with P, desc, and true as arguments.
3. Sef the [[Extensible]] internal property of O to false.

4. Return O.

15.2.3.p Object.freeze (O)
When the freeze function is called, the following steps are’taken:

1. If Type(O) is not Object throw a TypeError exegption.
2. For each named own property name P of O,
a. Let desc be the result of calling thé\[[GetOwnProperty]] internal method of O with P.
b. If IsDataDescriptor(desc) is true, then
i. If desc.[[Writable]]4s true, set desc.[[Writable]] to false.
c. If desc.[[Configurable]] isitrue, set desc.[[Configurable]] to false.
d. Call the [[DefineOwnProperty]] internal method of O with P, desc, and true as arguments.
3. Sef the [[Extensible]] internal property of O to false.
4. Refurn O.

15.2.3.10 Object.preventExtensions (O )
When the preventExtensions function is called, the following steps are taken:
1. If Type(Q)tis™not Object throw a TypeError exception.

2. Seftheq[Extensible]] internal property of O to false.
3. RefurnO.

15.2.3.11 Object.isSealed (O)
When the isSealed function is called with argument O, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.

2. For each named own property name P of O,
a. Let desc be the result of calling the [[GetOwnProperty]] internal method of O with P.
b. If desc.[[Configurable]] is true, then return false.

3. If the [[Extensible]] internal property of O is false, then return true.

4. Otherwise, return false.
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15.2.3.12 Object.isFrozen (O)
When the isFrozen function is called with argument O, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.
2. For each named own property name P of O,
a. Let desc be the result of calling the [[GetOwnProperty]] internal method of O with P.
b. If IsDataDescriptor(desc) is true then
i. If desc.[[Writable]] is true, return false.

T Ifdesc.[[Configurabte]] 15 true, then retarn fafse.
3. If the [[Extensible]] internal property of O is false, then return true.
4. Otherwise, return false.

15.2.3.13 Object.isExtensible (O)
When the isExtensible function is called with argument O, the following steps are taken:

1. If Type(O) is not Object throw a TypeError exception.
2. Return the Boolean value of the [[Extensible]] internal property of O.

15.2.3.14 Object.keys (O)
When the keys function is called with argument O, the following steps are taken:

1. If the Type(O) is not Object, throw a TypeError exception,
2. Let n be the number of own enumerable properties of O
3. Let array be the result of creating a new Object as if by the expression new Array(n) where Array is
the standard built-in constructor with that name.
4. Letindex be 0.
5. For each own enumerable property of O whose-name String is P
a. Call the [[DefineOwnProperty]] intethal method of array with arguments ToString(index), th
PropertyDescriptor {[[Value]]: Pcf[Writable]]: true, [[Enumerable]]: true, [[Configurable]]:|true},
and false.
b. Increment index by 1.
6. Return array.

If an implementation defines a specific order of enumeration for the for-in statement, that same enunieration
order must be used in step 5-ofthis algorithm.

15.2.4 Properties of the Object Prototype Object

The value of the_[[Prototype]] internal property of the Object prototype object is null, the value of the [|Class]]
internal property.is ""Object", and the initial value of the [[Extensible]] internal property is true.

15.2.4.1\\Object.prototype.constructor

Theinitial value of Object.prototype.constructor is the standard built-in Ob ject constructor.

15.2.4.2 Object.prototype.toString ()
When the toString method is called, the following steps are taken:

If the this value is undefined, return "[object Undefined]".

If the this value is null, return "[object Null]".

Let O be the result of calling ToObject passing the this value as the argument.

Let class be the value of the [[Class]] internal property of O.

Return the String value that is the result of concatenating the three Strings ""[object

aOrwdE

, class, and ""]"".
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15.2.4.3 Obiject.prototype.toLocaleString ()
When the toLocaleString method is called, the following steps are taken:

Let O be the result of calling ToObject passing the this value as the argument.

Let toString be the result of calling the [[Get]] internal method of O passing "toString' as the argument.
If IsCallable(toString) is false, throw a TypeError exception.

Return the result of calling the [[Call]] internal method of toString passing O as the this value and no
arguments.

el e

NOTE 1 This function is provided to give all Objects a generic toLocaleString interface, even though not all may
use it. Gurrently, Array, Number, and Date provide their own locale-sensitive toLocaleString methods.

NOTE 4 The first parameter to this function is likely to be used in a future version of this standard; it is recommended
that imglementations do not use this parameter position for anything else.

15.2.4.4 Object.prototype.valueOf ()
When the valueOf method is called, the following steps are taken:

1. Le{ O be the result of calling ToObject passing the this value as the argument,

2. If @ is the result of calling the Object constructor with a host object (15.2.2.1),\then

a. Return either O or another value such as the host object originally passed to the constructor. The
specific result that is returned is implementation-defined.

3. Return O.

15.2.4.p Object.prototype.hasOwnProperty (V)
When the hasOwnProperty method is called with argument V, the following steps are taken:

Le{ P be ToString(V).

Lef O be the result of calling ToObject passing the’this value as the argument.

Lef desc be the result of calling the [[GetOwnRroperty]] internal method of O passing P as the argument.
If desc is undefined, return false.

Return true.

grwdE

NOTE 1 Unlike [[HasProperty]] (8.12.6);:this method does not consider objects in the prototype chain.

NOTE 4 The ordering of steps 1 and 2 is chosen to ensure that any exception that would have been thrown by step 1
in previgus editions of this specificatioh will continue to be thrown even if the this value is undefined or null.

15.2.4.p Object.prototype.isPrototypeOf (V)
When the isPrototypeOf method is called with argument V, the following steps are taken:
1. If Y is notan object, return false.

2. Le{ O.be the result of calling ToObject passing the this value as the argument.
3. Repedt

a. LetV be the value of the [[Prototype]] internal property of V.
b. if Vis null, return false
c. If O andV refer to the same object, return true.

NOTE The ordering of steps 1 and 2 is chosen to preserve the behaviour specified by previous editions of this
specification for the case where V is not an object and the this value is undefined or null.

15.2.4.7 Object.prototype.propertylsEnumerable (V)

When the propertylsEnumerable method is called with argument V, the following steps are taken:
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Let P be ToString(V).

Let O be the result of calling ToObject passing the this value as the argument.

Let desc be the result of calling the [[GetOwnProperty]] internal method of O passing P as the argument.
If desc is undefined, return false.

Return the value of desc.[[Enumerable]].

1.
2.
3.
4.
5.

NOTE 1 This method does not consider objects in the prototype chain.

15.2.5 Properties of Object Instances

Object instances have no special properties beyond those inherited from the Object prototype ‘object.

15.3 Function Objects

15.3.1 The Function Constructor Called as a Function

When Function is called as a function rather than as a constructor, itcreates and initialises a new Function
object. Thus the function call Function(.) isequ ivalent to the object creation expression new
Function(..) with the same arguments.

15.3.1.1 Function (p1, p2, ..., pn, body)

When the Function function is called with some arguménts pl, p2, ..., pn, body (where n might be 0,|that is,

there are no “p” arguments, and where body might also-not be provided), the following steps are taken:

1. Create and return a new Function object as ifithe standard built-in constructor Function was used in a pew
expression with the same arguments (15.3:2.1).

15.3.2 The Function Constructor

When Function is called as part of a new expression, it is a constructor: it initialises the newly created object.

15.3.2.1 new Function (p1, p2, ..., pn, body)

The last argument spegifies the body (executable code) of a function; any preceding arguments specify| formal
parameters.

When the Funiction constructor is called with some arguments p1, p2, ..., pn, body (where n might bqg 0, that

“an

is, there are 'no “p” arguments, and where body might also not be provided), the following steps are takep:

LetargCount be the total number of arguments passed to this function invocation.
Let P be the empty String.
H argCount =0 Jtet hody be the-empty- String-
Else if argCount = 1, let body be that argument.
Else, argCount > 1
a. Let firstArg be the first argument.
b. Let P be ToString(firstArg).
c. Letkbe?2.
d. Repeat, while k < argCount
i. Let nextArg be the k’th argument.
ii. Let P be the result of concatenating the previous value of P, the String **,"" (a comma), and
ToString(nextArg).
iii. Increase k by 1.

A o e
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e. Let body be the k’th argument.

Let body be ToString(body).

If P is not parsable as a FormalParameterListop: then throw a SyntaxError exception.

If body is not parsable as FunctionBody then throw a SyntaxError exception.

If body is strict mode code (see 10.1.1) then let strict be true, else let strict be false.

If strict is true, throw any exceptions specified in 13.1 that apply.

Return a new Function object created as specified in 13.2 passing P as the FormalParameterList,, and body

as the FunctionBody. Pass in the Global Environment as the Scope parameter and strict as the Strict flag.

A pro
functio

NOTE
exampl

15.3.3
[[Proto
(15.3.

The va

The Fu

15.3.3.
The ini

This prj

15.3.3.
This is
false, |

15.3.4

The Fu
accept

n will be used as a constructor.

It is permissible but not necessary to have one argument for each formal parameter to be specified. For
b, all three of the following expressions produce the same result:

new Function('a"™, "b", '"'c", "return a+b+c')
new Function(a, b, c'", "return atb+c")

new Function('a,b"™, "c'", "return atb+c')

Properties of the Function Constructor

ype]] internal property of the Function constructor is the standard’ built-in Function prototype object

The Ijl;nction constructor is itself a F unction object and its [[Class]] is('Function™. The value of the

ue of the [[Extensible]] internal property of the Function constructor is true.

nction constructor has the following properties:

1 Function.prototype
ial value of Function._prototype is.the'standard built-in Function prototype object (15.3.4).

bperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

P Function.length

a data property with @ V-alue of 1. This property has the attributes { [[Writable]]: false, [[Enumerable]]:
[Configurable]]: false\}:

Properties.of.the Function Prototype Object

nction prototype object is itself a Function object (its [[Class]] is ""Function') that, when invoked,
5 any arguments and returns undefined.

The v

M £ Ll Dottt aall tntaoraal e et of L1 Enaoticon EP-N TN bi o th tondard by ot o ML +
O OT e TOTOUTy P e o TiTar PTUPCTTYy O o T arnotioTT PTrotoUly pC-UDjC o TS aic Starndaara— oaie T oottt

prototype object (15.2.4). The initial value of the [[Extensible]] internal property of the Function prototype

object i

The Fu

s true.

nction prototype object does not have a valueOT property of its own; however, it inherits the valueOf

property from the Object prototype Object.

The Iength property of the Function prototype object is 0.
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15.3.4.1 Function.prototype.constructor

The initial value of Function.prototype.constructor is the built-in Function constructor.

15.3.4.2 Function.prototype.toString ()

An implementation-dependent representation of the function is returned. This representation has the syntax of
a FunctionDeclaration. Note in particular that the use and placement of white space, line terminators, and

semicolonswithin the reanresentation Strina-is-implementation-denendent
g T g g

The toString function is not generic; it throws a TypeError exception if its this value is net, aF unction
object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

15.3.4.3 Function.prototype.apply (thisArg, argArray)

When the apply method is called on an object func with arguments thisArg and argArray, the following steps
are taken:

1. If IsCallable(func) is false, then throw a TypeError exception.
2. IfargArray is null or undefined, then
a. Return the result of calling the [[Call]] internal method of funt, providing thisArg as the this palue
and an empty list of arguments.
If Type(argArray) is not Object, then throw a TypeError exeeption.
Let len be the result of calling the [[Get]] internal method of argArray with argument ""length™.
Let n be ToUint32(len).
Let argList be an empty List.
Let index be 0.
Repeat while index < n
a. LetindexName be ToString(index).
b. Let nextArg be the result of calling-the [[Get]] internal method of argArray with indexName gs the
argument.
c. Append nextArg as the last element of argList.
d. Setindex toindex + 1.
9. Return the result of calling the [[Call]] internal method of func, providing thisArg as the this value anfl
argList as the list of arguments.

© N>~ w

The Iength property of the@pply method is 2.

NOTE The thisArg value is passed without modification as the this value. This is a change from Edition 2, where a
undefined or null thisArg-is replaced with the global object and ToObject is applied to all other values and that fesult is
passed as the this yaluée:

15.3.4.4 FRunction.prototype.call (thisArg [, arg1[,arg2,...]1])

When the cal l method is called on an object func with argument thisArg and optional arguments ard1, arg2
etcythefollowing steps are taken:

L lcCall

nalrrorx
|==3 v

il bloaffiuao) 1o £l than theaia, T\. ~ Baiian.

+—HsCaHabletfunreisfalsethenthrowaTypeErrerexeepton:

2. LetargList be an empty List.

3. If this method was called with more than one argument then in left to right order starting with argl append
each argument as the last element of argList

4. Return the result of calling the [[Call]] internal method of func, providing thisArg as the this value and
argList as the list of arguments.

The Iength property of the cal I method is 1.

NOTE The thisArg value is passed without modification as the this value. This is a change from Edition 2, where a
undefined or null thisArg is replaced with the global object and ToObject is applied to all other values and that result is
passed as the this value.
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15.3.4.5 Function.prototype.bind (thisArg [, arg1 [, arg2, ...1])

The bind method takes one or more arguments, thisArg and (optionally) argl, arg2, etc, and returns a new
function object by performing the following steps:

Let Target be the this value.

If IsCallable(Target) is false, throw a TypeError exception.

Let A be a new (possibly empty) internal list of all of the argument values provided after thisArg (argl, arg2
etc), in order.

wh e

Le{Fbe a new native ECMASCIIPT object -
Sef all the internal methods, except for [[Get]], of F as specified in 8.12.
Sef the [[Get]] internal property of F as specified in 15.3.5.4.
Sef the [[TargetFunction]] internal property of F to Target.
Sef the [[BoundThis]] internal property of F to the value of thisArg.
Sef the [[BoundArgs]] internal property of F to A.
. Sef the [[Class]] internal property of F to ""Function™.
. Sef the [[Prototype]] internal property of F to the standard built-in Function prototype object as specified in
158.3.1.
. Sef the [[Call]] internal property of F as described in 15.3.4.5.1.
. Sef the [[Construct]] internal property of F as described in 15.3.4.5.2.
. Sef the [[HaslInstance]] internal property of F as described in 15.3.4.5.3.
. If the [[Class]] internal property of Target is ""Function™, then
a. LetL be the length property of Target minus the length of A.
b. Set the length own property of F to either 0 or L, whichever isdlarger.
16. Elge set the length own property of F to 0.
17. Sefthe attributes of the length own property of F to the values spegified in 15.3.5.1.
18. Sefthe [[Extensible]] internal property of F to true.
19. Le{ thrower be the [[ThrowTypeError]] function Object (13.213).
20. Call the [[DefineOwnProperty]] internal method of F with‘arguments *"cal ler", PropertyDescriptor
{[[Get]]: thrower, [[Set]]: thrower, [[Enumerable]]: fals&;*[[Configurable]]: false}, and false.
21. Call the [[DefineOwnProperty]] internal method of Rwith arguments ""arguments™, PropertyDescriptor
{[[[Get]]: thrower, [[Set]]: thrower, [[Enumerable}]; false, [[Configurable]]: false}, and false.
22. Refurn F.

The Igngth property of the bind method is 4:

RBOo~Ne O~

= O

el el e
a s wiN

NOTE Function objects created usingsFunction._prototype.bind do not have a prototype property or the
[[Code]}, [[FormalParameters]], and [[Scopg]linternal properties.

15.3.45.1 [[Call]]

When the [[Call]] internal(method of a function object, F, which was created using the bind function is called
with a this value and aflist of arguments ExtraArgs, the following steps are taken:

Le{ boundArgs-be the value of F’s [[BoundArgs]] internal property.

Le{ boundThisvbe the value of F’s [[BoundThis]] internal property.

Lef targetbe the value of F’s [[TargetFunction]] internal property.

Lef args\be a new list containing the same values as the list boundArgs in the same order followed by the
sare values as the list ExtraArgs in the same order.

el N

5. Return the result of calling the [[Call]] internal method of target providing boundThis as the this value and
providing args as the arguments.

15.3.4.5.2 [[Construct]]

When the [[Construct]] internal method of a function object, F that was created using the bind function is called
with a list of arguments ExtraArgs, the following steps are taken:

1. Let target be the value of F’s [[TargetFunction]] internal property.
2. If target has no [[Construct]] internal method, a TypeError exception is thrown.
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3. Let boundArgs be the value of F’s [[BoundArgs]] internal property.

4. Let args be a new list containing the same values as the list boundArgs in the same order followed by the
same values as the list ExtraArgs in the same order.

5. Return the result of calling the [[Construct]] internal method of target providing args as the arguments.

15.3.4.5.3 [[HaslInstance]] (V)

When the [[HaslInstance]] internal method of a func tion object F, that was created using the bind function is
called with argument V, the following steps are taken:

1. Lettarget be the value of F’s [[TargetFunction]] internal property.
2. If target has no [[HaslInstance]] internal method, a TypeError exception is thrown.
3. Return the result of calling the [[HasInstance]] internal method of target providing V as the.argument

15.3.5 Properties of Function Instances

In addition to the required internal properties, every function instance has a [[Call]] internal property|and in
most cases uses a different version of the [[Get]] internal property. Depending . én how they are creatg¢d (see
8.6.2, 13.2, 15, and 15.3.4.5), function instances may have a [[H asInstancel]} internal property, a [[$cope]]
internal property, a [[Construct]] internal property, a [[FormalParameters]] internal property, a [[Code]] [nternal
property, a [[TargetFunction]] internal property, a [[BoundThis]] internal property, and a [[BoundArgs]] [nternal
property.

The value of the [[Class]] internal property is "Function".

Function instances that correspond to strict mode functions\(13.2) and function instances created uging the
Function.prototype.bind method (15.3.4.5) have properties named “caller” and “arguments” that throw a
TypeError exception. An ECMAScript implementatiot” must not associate any implementation $pecific
behaviour with accesses of these properties from strictmode function code.

15.3.5.1 length

The value of the length property is an-integer that indicates the “typical” number of arguments expegted by
the function. However, the language-pérmits the function to be invoked with some other number of argyments.
The behaviour of a function when invoked on a number of arguments other than the number specifieql by its
length property depends on the function. This property has the attributes { [[Writable]]: false, [[Enumdrable]]:
false, [[Configurable]]: falses}:

15.3.5.2 prototype
The value of the-prototype property is used to initialise the [[Prototype]] internal property of a newly ¢reated
object before theFunction object is invoked as a constructor for that newly created object. This propgrty has
the attribute-{.[[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: false }.

NOTE Function objects created using Function.prototype.bind do not have a prototype property.

15.3.5.3 [[HaslInstancel]] (V)

Assume F is a Function object.
When the [[HaslInstance]] internal method of F is called with value V, the following steps are taken:

If V is not an object, return false.
Let O be the result of calling the [[Get]] internal method of F with property name "prototype"'.
If Type(O) is not Object, throw a TypeError exception.
Repeat
a. LetV be the value of the [[Prototype]] internal property of V.

PN E
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NOTE

b. IfVisnull, return false.
c. If O andV refer to the same object, return true.

Function objects created using Function.prototype.bind have a different implementation of

[[HasInstance]] defined in 15.3.4.5.3.

15.3.5.4 [[Get]] (P)

Assum
followir

1. Le
arg

2. IfRis"caller™ andv isastrict mode Function object, throw a TypeError exception!

3. Re

NOTE

15.4 /4

Array g
String
2%-1. 4
lengt
propert
propert
invaria
changg
propert
length
unaffeq

An objg

1. Le
2. Fo

3. Re
15.4.1

When

e F is a Func tion object. When the [[Get]] internal method of F is called with property name Py’the
g steps are taken:

v be the result of calling the default [[Get]] internal method (8.12.3) on F passing P as the property name
ument.

urnv.

Function objects created using Function.prototype.bind use the default [[Get]] internal method.

A\rray Objects

bjects give special treatment to a certain class of property names. A property name P (in the form of a
alue) is an array index if and only if ToString(ToUint32(P)) is equal to P and ToUint32(P) is not equal to
\ property whose property name is an array index is also calted an element. Every Array object has a
h property whose value is always a nonnegative intedér less than 2*. The value of the length
y is numerically greater than the name of every property whose name is an array index; whenever a
y of an Array object is created or changed, other praperties are adjusted as necessary to maintain this
nt. Specifically, whenever a property is added whose name is an array index, the length property is
d, if necessary, to be one more than the numeric value of that array index; and whenever the Iength
y is changed, every property whose name is an array index whose value is not smaller than the new
is automatically deleted. This constraint,applies only to ow n properties of an Array object and is
ted by length or array index properties'that may be inherited from its prototypes.

ect, O, is said to be sparse if the.following algorithm returns true:
len be the result of calling'the [[Get]] internal method of O with argument "'length™.

each integer i in the range 0<i<ToUint32(len)
a. Let elem be the-tesult of calling the [[GetOwnProperty]] internal method of O with argument

ToString(i).
b. If elem isaindefined, return true.
urn false.

The Array Constructor Called as a Function

\rray is called as a function rather than as a constructor, it creates and initialises a new Array object.

Thus t

hafuncticn-—call ArravC N ic aouuvalant 0 tha ohiact craation awvnraccinn naw Axeraons¢ N aanth thao
e dH-EHOR—Gar— ety GareRt—o— B}86t—6FE8aHOR—8XPre SO R—EeW— Y- —WitA—h

same arguments.

15.41.1 Array ([item1[,item2[,...]1]11)

When the Array function is called the following steps are taken:

1. Create and return a new Array object exactly as if the standard built-in constructor Array was used in a
new expression with the same arguments (15.4.2).

122
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15.4.2 The Array Constructor

When Array is called as part of a new expression, it is a constructor: it initialises the newly created object.

15.4.21 new Array ([itemO[,item1[,...]111])

This description applies if and only if the Array constructor is given no arguments or at least two arguments.

theone ht i he intiavlue of Array. ptotype (15.4.. )

The [[Class]] internal property of the newly constructed object is set to ""Array".

The [[Extensible]] internal property of the newly constructed object is set to true.

The Iength property of the newly constructed object is set to the number of arguments.

The O property of the n ewly constructed object is set to item0 (if supplied); ‘the 1 property of the

constructed object is set to iteml (if supplied); and, in general, for as many“arguments as there arg
property of the newly constructed object is set to argument k, where the. fifst argument is considere

argument number 0. These properties all have the attributes {[[Writable]]: true, [[Enumerable]]:

[[Configurable]]: true}.

15.4.2.2 new Array (len)

The [[Prototype]] internal property of the newly constructed object is set to the original Array prototype
the one that is the initial value of Array.prototype(15.4.3.1). The [[Class]] internal property of thq
constructed object is set to ""Array"'. The [[Extensible]] internal property of the newly constructed obje
to true.

If the argument len is a Number and ToUint32(len) is equal to len, then the length property of thg
constructed object is set to ToUint32(len)..If the argument len is a Number and ToUint32(len) is not equa
a RangeError exception is thrown.

object,

newly
, the k
1 to be
true,

object,
newly
tis set

newly
to len,

If the argument len is not a Number, then the length property of the newly constructed object is set t¢ 1 and

the O property of the newly(constructed object is set to len with attributes {[[Writable]]: true, [[Enumg
true, [[Configurable]]: true}.

15.4.3 Properties ofthe Array Constructor

The value of the [[Prototype]] internal property of the Array constructor is the Function prototype)
(15.3.4).

rable]]:

object

Besides. the internal properties and the length property (whose value is 1), the Array constructor has the

following properties:

15.4.3.1 Array.prototype
The initial value of Array.prototype is the Array prototype object (15.4.4).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
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15.4.3.2 Array.isArray (arg)

The isArray function takes one argument arg, and returns the Boolean value true if the argument is an object
whose class internal property is ""Array'’; otherwise it returns false. The following steps are taken:

1. If Type(arg) is not Object, return false.
2. If the value of the [[Class]] internal property of arg is ""Array"’, then return true.
3. Return false.

15.4.4 | Properties of the Array Prototype Object

The vdlue of the [[Prototype]] internal property of the Array prototype object is the standard built-in-Object
prototype object (15.2.4).

The Arfay prototype object is itself an array; its [[Class]] is ""Array’’, and it has a length property (whose
initial vplue is +0) and the special [[DefineOwnProperty]] internal method described in 15.4.5.1:

In following descriptions of functions that are properties of the Array prototype object, th€ phrase “this object”
refers fo the object that is the this value for the invocation of the function. It is permitted for the this to be an
object for which the value of the [[Class]] internal property is not ""Array"'.

NOTE The Array prototype object does not have a valueOT property of its own;_however, it inherits the valueOf
property from the standard built-in Object prototype Object.

15.4.41 Array.prototype.constructor

The inifial value of Array.prototype.constructor is the standard built-in Array constructor.

15.4.4.2 Array.prototype.toString ()
When the toString method is called, the following'steps are taken:

Lef array be the result of calling ToObjectob-the this value.

Le{ func be the result of calling the [[Get]}internal method of array with argument " join".

If IisCallable(func) is false, then let func-be the standard built-in method Object.prototype.toString (15.2.4.2).
Refurn the result of calling the [[€all]] internal method of func providing array as the this value and an
empty arguments list.

PR

NOTE The toString funetion is intentionally generic; it does not require that its this value be an Array object.
Therefore it can be transferred to other kinds of objects for use as a method. Whether the toString function can be
applied jsuccessfully to a hest.object is implementation-dependent.

15.4.4.83 Array,prototype.toLocaleString ()

The elgments;ef the array are converted to Strings using their toLocaIeString methods, and these Strings

the result of toStrlng except that the result of this functlon is intended to be locale- -specific.

The result is calculated as follows:

Let array be the result of calling ToObject passing the this value as the argument.

Let arrayLen be the result of calling the [[Get]] internal method of array with argument "*length™.

Let len be ToUint32(arrayLen).

Let separator be the String value for the list-separator String appropriate for the host environment’s current
locale (this is derived in an implementation-defined way).

5. If len is zero, return the empty String.

PoONE
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6. Let firstElement be the result of calling the [[Get]] internal method of array with argument "*0"".
7. If firstElement is undefined or null, then
a. LetR be the empty String.
8. Else
a. LetelementObj be ToObject(firstElement).
b. Let func be the result of calling the [[Get]] internal method of elementObj with argument
"toLocaleString".
c. If IsCallable(func) is false, throw a TypeError exception.
d. LetR be the result of calling the [[Call]] internal method of func providing elementObj as the

this

value and an empty arguments 1St
9. Letkbel.
10. Repeat, while k < len
a. Let S be a String value produced by concatenating R and separator.
b. Let nextElement be the result of calling the [[Get]] internal method of array withiatgtment
ToString(k).
c. If nextElement is undefined or null, then
i. Let R be the empty String.
d. Else
i. Let elementObj be ToObject(nextElement).
ii. Let func be the result of calling the [[Get]] internal methed-ef elementObj with argun
""toLocaleString".
iii. If IsCallable(func) is false, throw a TypeError exception.
iv. Let R be the result of calling the [[Call]] internakmethod of func providing elementO
the this value and an empty arguments list.
e. LetR be a String value produced by concatenating.S'and R.
f.  Increase k by 1.
11. Return R.

NOTE 1 The first parameter to this function is likely to be-used in a future version of this standard; it is recom
that implementations do not use this parameter position foranything else.

NOTE 2 The toLocaleString function is intentionally generic; it does not require that its this value be an Arra

Therefore it can be transferred to other kinds of‘ebjects for use as a method. Whether the toLocaleString fung
be applied successfully to a host object is implementation-dependent.

15.4.4.4 Array.prototype.concat ([ item1[,item2[,...1]11)

ent

hj as

mended

object.
fion can

When the concat method\is called with zero or more arguments iteml, item2, etc., it returns ap array

containing the array elements of the object followed by the array elements of each argument in order.
The following steps‘are taken:

1. Let O be the'vesult of calling ToObject passing the this value as the argument.

2. Let A b&anew array created as if by the expression new Array() where Array is the standard buiflt-in

constructor with that name.
3. Let\irhbeO.
4. ALEt items be an internal List whose first element is O and whose subsequent elements are, in left to rig
order, the arguments that were passed to this function invocation.

ht

5 Repeat, White Ttems 15 ot empty
a. Remove the first element from items and let E be the value of the element.
b. If the value of the [[Class]] internal property of E is ""Array", then
i. Let k be 0.

ii. Let len be the result of calling the [[Get]] internal method of E with argument *"length™.

iii. Repeat, while k < len
1. Let P be ToString(k).

2. Let exists be the result of calling the [[HasProperty]] internal method of E with P.

3. If exists is true, then

a Let subElement be the result of calling the [[Get]] internal method of E

with argument P.
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b Call the [[DefineOwnProperty]] internal method of A with arguments
ToString(n), Property Descriptor {[[Value]]: subElement, [[Writable]]:
true, [[Enumerable]]: true, [[Configurable]]: true}, and false.
4. Increase n by 1.
5. Increase k by 1.
c. Else, Eisnotan Array
i Call the [[DefineOwnProperty]] internal method of A with arguments ToString(n), Property
Descriptor {[[Value]]: E, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true},
and false.

6. Re
The le
NOTE

Therefo)
succesy

15.4.4.

T tcrease by
urn A,

ngth property of the concat method is 1.
The concat function is intentionally generic; it does not require that its this value be an JArray object.

re it can be transferred to other kinds of objects for use as a method. Whether the concat function_can be applied
fully to a host object is implementation-dependent.

5 Array.prototype.join (separator)

The elg¢gments of the array are converted to Strings, and these Strings are then concatenated, separated by

nces of the separator. If no separator is provided, a single comma is uséd as the separator.
in method takes one argument, separator, and performs the following steps:

O be the result of calling ToObject passing the this value as.the'argument.

lenVal be the result of calling the [[Get]] internal method of O with argument **length™.

len be ToUint32(lenVal).

eparator is undefined, let separator be the single-chatacter String **,"".

sep be ToString(separator).
En is zero, return the empty String.

element0 be the result of calling the [[Get]] internal method of O with argument "'0"".

lementO is undefined or null, let R be theempty String; otherwise, Let R be ToString(element0).
k be 1.
peat, while k < len

a. Let S be the String value produced by concatenating R and sep.

b. Let element be the result-of\calling the [[Get]] internal method of O with argument ToString(k).
c. If element is undefined ornull, Let next be the empty String; otherwise, let next be

ToString(element).

d. LetR be a String-value produced by concatenating S and next.

e. Increase k by 4.

urn R.

ngth propefty-of the join method is 1.

The 3.01n function is intentionally generic; it does not require that its this value be an Array object. Therefore,
e trafnsferred to other kinds of objects for use as a method. Whether the join function can be applied successfully

oCCurrg
The jd
1. Le
2. Le
3. Le
4, If s
5. Le
6. Ifl
7. Let
8. Ifq
9. Lef
10. Re
11. Re
The le
NOTE

itcanb
to a hod

t ©bject is implementation-dependent.

15.4.4.6 Array.prototype.pop ()

The last element of the array is removed from the array and returned.

el N

If

126

Let O be the result of calling ToObject passing the this value as the argument.
Let lenVal be the result of calling the [[Get]] internal method of O with argument ""length™.
Let len be ToUint32(lenVal).

en is zero,
a. Call the [[Put]] internal method of O with arguments " length™, 0, and true.
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b. Return undefined.
5. Else,len>0
a. Letindx be ToString(len-1).
b. Let element be the result of calling the [[Get]] internal method of O with argument indx.
c. Call the [[Delete]] internal method of O with arguments indx and true.
d. Call the [[Put]] internal method of O with arguments " length", indx, and true.
e. Return element.

NOTE The pop function is intentionally generic; it does not require that its this value be an Array object. The

refore it

odil IUU tlallbeIIUuI tU Ut;IUI :’\;IIUID Uf ubjcpta fUI usS do d IIIUt:IUU‘. ‘VAV';IUHIUI t:IU MUM funutiun odll IUU appilcu' SUCLLC3
a host object is implementation-dependent.

15.4.4.7 Array.prototype.push ([item1[,item2[,...1]11)

sfully to

The arguments are appended to the end of the array, in the order in which they appearIhe new length of the

array is returned as the result of the call.

When the push method is called with zero or more arguments item1, item2, etc.,.tle‘following steps are [taken:
1. Let O be the result of calling ToObject passing the this value as the argument.
2. Let lenVal be the result of calling the [[Get]] internal method of O with argument ""length".
3. Letnbe ToUint32(lenVal).
4. Let items be an internal List whose elements are, in left to right-erder, the arguments that were passed|to this
function invocation.
5. Repeat, while items is not empty
a. Remove the first element from items and let E be.the value of the element.
b. Call the [[Put]] internal method of O with arguments ToString(n), E, and true.
c. Increase n by 1.
6. Call the [[Put]] internal method of O with arguments "length™, n, and true.
7. Returnn.
The Iength property of the push method is'd.
NOTE The push function is intentionally’generic; it does not require that its this value be an Array object. Therefore
it can be transferred to other kinds of objetts for use as a method. Whether the push function can be applied sucgessfully
to a host object is implementation-dependent.
15.4.4.8 Array.prototype.reverse ()
The elements of the(array are rearranged so as to reverse their order. The object is returned as the result of

the call.

Let O be theresult of calling ToObject passing the this value as the argument.

Let lenVal be the result of calling the [[Get]] internal method of O with argument ""length™.
Letleivbe ToUint32(lenVal).

Let-middle be floor(len/2).

ket lower be 0.

g wn e

_ﬁ_R_e,p_e_aJ_JAmJ_Le_l_mNpr = middle

Let upper be len— lower 1.

Let upperP be ToString(upper).
Let lowerP be ToString(lower).

~O o0 o

Let lowerExists be the result of calling the [[HasProperty]] internal method of O with argume

lowerP.

g. Let upperExists be the result of calling the [[HasProperty]] internal method of O with argume
upperP.

h. If lowerExists is true and upperExists is true, then
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Let lowerValue be the result of calling the [[Get]] internal method of O with argument lowerP.
Let upperValue be the result of calling the [[Get]] internal method of O with argument upperP .

nt

nt
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i Call the [[Put]] internal method of O with arguments lowerP, upperValue, and true .

ii. Call the [[Put]] internal method of O with arguments upperP, lowerValue, and true .
i. Else if lowerExists is false and upperExists is true, then

i Call the [[Put]] internal method of O with arguments lowerP, upperValue, and true .

ii. Call the [[Delete]] internal method of O, with arguments upperP and true.
j. Else if lowerExists is true and upperExists is false, then

i Call the [[Delete]] internal method of O, with arguments lowerP and true .

ii. Call the [[Put]] internal method of O with arguments upperP, lowerValue, and true .
k. Else, both lowerExists and upperExists are false

7. Re

NOTE
Therefo)
applied

15.4.4.
The firg

Le
Le
Le
If

PoODNE

o

Le
Le
7. Re

1524

8. Ca
9. Ca
10. Re

NOTE
it can
succesy

T Noactiom s TequiTed:
I.  Increase lower by 1.
urn O .

The reverse function is i ntentionally generic; it does not require that its this value be an Array’object.
re, it can be transferred to other kinds of objects for use as a method. Whether the reverse function can be
successfully to a host object is implementation-dependent.

D Array.prototype.shift ()
t element of the array is removed from the array and returned.

O be the result of calling ToObject passing the this value as the argument:
lenVal be the result of calling the [[Get]] internal method of O with argument " length.
len be ToUint32(lenVal).
EN is zero, then
a. Call the [[Put]] internal method of O with arguments " kehgth™, 0, and true.
b. Return undefined.
first be the result of calling the [[Get]] internal method @f\O with argument ""0"".
k be 1.
peat, while k < len
a. Let from be ToString(k).
b. Letto be ToString(k-1).
c. Let fromPresent be the result of calling.the [[HasProperty]] internal method of O with argument
from.
d. If fromPresent is true, then
i Let fromVal be the result of calling the [[Get]] internal method of O with argument from.
ii. Call the [[Put]] intermal method of O with arguments to, fromVal, and true.
e. Else, fromPresent is false
i Call the [[Delete]] internal method of O with arguments to and true.
f.  Increase k by 1.
| the [[Delete]] internalmethod of O with arguments ToString(len-1) and true.
| the [[Put]] internal’method of O with arguments "length™, (len-1) , and true.
urn first.

The sl Tt function is intentionally generic; it does not require that its this value be an Array object. Therefore
e transferred to other kinds of objects for use as a method. Whether the shift function can be applied
fullyto\ahost object is implementation-dependent.

15.4.4.

The sl

10 Array.prototype.slice (start, end)

ice method takes two arguments, start and end, and returns an array containing the elements of the

array from element start up to, but not including, element end (or through the end of the array if end is
undefined). If start is negative, it is treated as length+start where length is the length of the array. If end is
negative, it is treated as length+end where length is the length of the array. The following steps are taken:

1. Let O be the result of calling ToObject passing the this value as the argument.

2. Let A be anew array created as if by the expression new Array() where Array is the standard built-in
constructor with that name.

3. Let lenVal be the result of calling the [[Get]] internal method of O with argument " length".

128
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4. Let len be ToUint32(lenVal).
5. Let relativeStart be Tolnteger(start).
6. If relativeStart is negative, let k be max((len + relativeStart),0); else let k be min(relativeStart, len).
7. If end is undefined, let relativeEnd be len; else let relativeEnd be Tolnteger(end).
8. If relativeEnd is negative, let final be max((len + relativeEnd),0); else let final be min(relativeEnd, len).
9. LetnbeO.
10. Repeat, while k < final
a. Let Pk be ToString(k).
b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.

c—HkPresentistruethen
i Let kValue be the result of calling the [[Get]] internal method of O with argument Pk
ii. Call the [[DefineOwnProperty]] internal method of A with arguments ToString(n), Prpperty
Descriptor {[[\Value]]: kValue, [[Writable]]: true, [[Enumerable]]: true, [[Configurafle]]:
true}, and false.
d. Increase k by 1.
e. Increase n by 1.
11. Return A.

The Iength property of the slice method is 2.
NOTE The slice function is intentionally generic; it does not require that its\this value be an Array object. Therefore

it can be transferred to ot her kinds of objects for use as a method. Whether the slice function can be|applied
successfully to a host object is implementation-dependent.

15.4.4.11 Array.prototype.sort (comparefn)

The elements of this array are sorted. The sort is not necessarily stable (that is, elements that comparg equal
do not necessarily remain in their original order). If camparefn is not undefined, it should be a functipn that
accepts two arguments x and y and returns a negative Value if x <y, zero if x =y, or a positive value if Xp y.

Let obj be the result of calling ToObject passing.the this value as the argument.

Let len be the result of applying Uint32 to.the result of calling the [[Get]] internal method of obj with argument
"length".

If comparefn is not undefined and is not a consistent comparison function for the elements of this array (see
below), the behaviour of sortiisiimplementation-defined.

Let proto be the value of.the’[[Prototype]] internal property of obj. If proto is not null and there exists an|integer
j such that all of the cenditions below are satisfied then the behaviour of sort is implementation-definegl:

e 0bjis sparse (15.4)
e 0<j&len
e Theesult of calling the [[HasProperty]] internal method of proto with argument ToString(j) is tru[.

ns are

The behaviour of sort is also implementation defined if obj is sparse and any of the following conditi
true:

e The [[Extensible]] internal property of obj is false.
e Any array index property of obj whose name is a nonnegative integer less than len is a data property
whose [[Configurable]] attribute is false.

The behaviour of sort is also implementation defined if any array index property of obj whose name is a
nonnegative integer less than len is an accessor property or is a d ata property whose [[Writable]] attribute is
false.

Otherwise, the following steps are taken.
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1. Perform an implementation-dependent sequence of calls to the [[Get]] , [[Put]], and [[Delete]] internal
methods of obj and to SortCompare (described below), where the first argument for each call to [[Get]],
[[Put]], or [[Delete]] is a nonnegative integer less than len and where the arguments for calls to SortCompare
are results of previous calls to the [[Get]] internal method. The throw argument to the [[Put]] and [[Delete]]
internal methods will be the value true. If obj is not sparse then [[Delete]] must not be called.

2. Return obj.

The returned object must have the following two properties.

here m be some mathematical permutation o of the nonneqgative intege = han len h tha
for every nonnegative integer j less than len, if property old[j] existed, then new[xn(j)] is exactly the
same value as old[j],. But if property old[j] did not exist, then new[r(j)] does not exist.
¢ | Then for all nonnegative integers j and k, each less than len, if SortCompare(j,k) <0 (see SortCompare
below), then n(j) < n(k).

Here the notation old[j] is used to refer to the hypothetical result of calling the [[Get]] internaNmethod of obj
with argument j before this function is executed, and the notation new]j] to refer to the hypothetical result of
calling the [[Get]] internal method of obj with argument j after this function has been executed.

A funcfion comparefn is a consistent comparison function for a set of values S if all.of the requirements below
are m¢t forall values a, b, and c (possibly the same value) in the set S; The notation a<ceb means
compargfn(a,b) < 0; a =c¢ b means comparefn(a,b) = 0 (of either sign); and a > b mieans comparefn(a,b) > 0.

e | Calling comparefn(a,b) always returns the same value v when given a<$pecific pair of values a and b as its two
arguments. Furthermore, Type(v) is Number, and v is not NaN. Note that this implies that exactly one of a <c¢ b,
a =ce b, and a >¢r b will be true for a given pair of a and b.

Calling comparefn(a,b) does not modify the this object.

a=cra (reflexivity)

Ifa=crb,thenb=cca (symmetry)

Ifa=ceband b =cec,thena=cec (transitivity of =cg)

Ifa<ceband b <cec, thena<cec (transitivity of <cg)

Ifa>ceband b >cc, thena>c:c (transitivity of >cf)

NOTE The above conditions are necessary and_sufficient to ensure that comparefn divides the set S into equivalence
classes|and that these equivalence classes are totally ordered.

When the SortCompare abstract operation is called with two arguments j and k, the following steps are taken:

Lef jString be ToString(j).
Le{ kString be ToString(k).
Lef hasj be the result of.€aljing the [[HasProperty]] internal method of obj with argument jString.
Le{ hask be the result ©ficalling the [[HasProperty]] internal method of obj with argument kString.
If hasj and hask are‘both false, then return +0.
If hasj is false, thenreturn 1.
If hask is falseythen return —1.
Lel x be theresult of calling the [[Get]] internal method of obj with argument jString.
Lely be the-result of calling the [[Get]] internal method of obj with argument kString.
10. If ¥ and'y are both undefined, return +0.
11. If is-undefined, return 1.
12. If y is undefined, return —1.
13. If the argument comparefn is not undefined, then
a. If IsCallable(comparefn) is false, throw a TypeError exception.
b. Return the result of calling the [[Call]] internal method of comparefn passing undefined as the this
value and with arguments x and y.
14. Let xString be ToString(x).
15. Let yString be ToString(y).
16. If xString < yString, return —1.
17. If xString > yString, return 1.
18. Return +0.

CoOoNORWNE
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Because non-existent property values always compare greater than undefined property values, and

undefined always compares greater than any other value, undefined property values always sort to the end of the result,
followed by non-existent property values.

NOTE 2

The sort function is intentionally generic; it does not require that its this value be an Array object. Therefore,

it can be transferred to other kinds of objects for use as a method. Whether the sort function can be applied successfully
to a host object is implementation-dependent.

15.4.4.12 Array.prototype.splice (start, deleteCount [, item1 [, item2[,...]11])

When the splice method is called with two or more arguments start, deleteCount and (optionally) item]
etc., the deleteCount elements of the array starting at array index start are replaced by the argument
item2, etc. An Array object containing the deleted elements (if any) is returned. The following steps are t

, item2,
item1,
aken:

1. Let O be the result of calling ToObject passing the this value as the argument.
2. Let A be anew array created as if by the expression new Array()where Array is\the standard built-in
constructor with that name.
3. Let lenVal be the result of calling the [[Get]] internal method of O with argumert"*length™.
4. Letlen be ToUint32(lenVal).
5. Let relativeStart be Tolnteger(start).
6. If relativeStart is negative, let actualStart be max((len + relativeStart),0); else let actualStart be
min(relativeStart, len).
7. Let actualDeleteCount be min(max(Tolnteger(deleteCount),0), len’— actualStart).
8. LetkbeO.
9. Repeat, while k < actualDeleteCount
a. Let from be ToString(actualStart+Kk).
b. Let fromPresent be the result of calling the [[HasProperty]] internal method of O with argumgnt
from.
c. If fromPresent is true, then
i Let fromValue be the result of-calling the [[Get]] internal method of O with argumen{ from.
ii. Call the [[DefineOwnProperty]] internal method of A with arguments ToString(k), Prpperty
Descriptor {[[Value]]: fromValue, [[Writable]]: true, [[Enumerable]]: true,
[[Configurable]]: true}, and false.
d. Incrementk by 1.
10. Let items be an internal List whasejelements are, in left to right order, the portion of the actual argument list
starting with item1. The list will be empty if no such items are present.
11. Let itemCount be the number\of elements in items.
12. If itemCount < actualDeleteCount, then
a. Letk be actualStart.
b. Repeat, while k < (len — actualDeleteCount)
i L6t from be ToString(k+actualDeleteCount).
ii. Let to be ToString(k+itemCount).
i Let fromPresent be the result of calling the [[HasProperty]] internal method of O with
argument from.
iv. If fromPresent is true, then
1. Let fromValue be the result of calling the [[Get]] internal method of O with
argument from.
2. Call the [[Put]] internal method of O with arguments to, fromValue, and trug.
\ Flse fromPresent is false
1. Call the [[Delete]] internal method of O with arguments to and true.
Vi. Increase k by 1.
c. Letkbelen.
d. Repeat, while k > (len — actualDeleteCount + itemCount)
i Call the [[Delete]] internal method of O with arguments ToString(k-1) and true.
ii. Decrease k by 1.
13. Else if itemCount > actualDeleteCount, then
a. Letkbe (len — actualDeleteCount).
b. Repeat, while k > actualStart
i. Let from be ToString(k + actualDeleteCount — 1).
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ii. Let to be ToString(k + itemCount — 1)
iii. Let fromPresent be the result of calling the [[HasProperty]] internal method of O with
argument from.
iv. If fromPresent is true, then
1. Let fromValue be the result of calling the [[Get]] internal method of O with
argument from.
2. Call the [[Put]] internal method of O with arguments to, fromValue, and true.
V. Else, fromPresent is false
1. Call the [[Delete]] internal method of O with argument to and true.

VT Detrease kby 1=
k be actualStart.
peat, while items is not empty
a. Remove the first element from items and let E be the value of that element.
b. Call the [[Put]] internal method of O with arguments ToString(k), E, and true.
c. Increase k by 1.
| the [[Put]] internal method of O with arguments " length, (len — actualDeleteCount & ‘itemCount),

ang true.

17. Re

urn A.

The Igngth property of the splice method is 2.

NOTE

The splice function is intentionally generic; it does not require that itsc this value be an Array object.

Therefofe it can be transferred to other kinds of objects for use as a method. Whether the splice function can be applied
succesgfully to a host object is implementation-dependent.

15.4.4.

3 Array.prototype.unshift ([ item1 [, item2[,...]111)

The arguments are prepended to the start of the array, such that{heir order within the array is the same as the
order im which they appear in the argument list.

When the unshift method is called with zero or moré‘arguments iteml, item2, etc., the following steps are
taken:
1. Le{ O be the result of calling ToObject passing-the this value as the argument.
2. Le{lenVal be the result of calling the [[Get]] internal method of O with argument " length™.
3. Le{len be ToUint32(lenVal).
4. LefargCount be the number of actual arguments.
5. Lefk be len.
6. Repeat, while k>0,
a. Let from be ToString(k-1).
b. Let to be ToString(k+argCount —1).
c. Let fromPresént,be the result of calling the [[HasProperty]] internal method of O with argument
from.
d. If fromPresent is true, then
i Let fromValue be the result of calling the [[Get]] internal method of O with argument from.
id. Call the [[Put]] internal method of O with arguments to, fromValue, and true.
e.  Else, fromPresent is false
i Call the [[Delete]] internal method of O with arguments to, and true.
f.—~ Decrease k by 1.
7. LetjbeO.

8. Let items be an internal List whose elements are, in left to right order, the arguments that were passed to this
function invocation.
9. Repeat, while items is not empty

a. Remove the first element from items and let E be the value of that element.
b. Call the [[Put]] internal method of O with arguments ToString(j), E, and true.
c. Increase j by 1.

10. Call the [[Put]] internal method of O with arguments ""length", len+argCount, and true.
11. Return len+argCount.
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The length property of the unshift method is 1.

NOTE The unshift function is intentionally generic; it does not require that its this value be an Array object.
Therefore it can be transferred to other kinds of objects for use as a method. Whether the unshift function can be
applied successfully to a host object is implementation-dependent.

15.4.4.14 Array.prototype.indexOf ( searchElement [, fromindex ] )

indexQf compares searchFlement to the elements of the array, in ascending order, using the internal Strict
Equality Comparison Algorithm (11.9.6), and if found at one or more positions, returns the index of the first
such position; otherwise, -1 is returned.

The optional second argument fromIndex defaults to O (i.e. the whole array is searched). If it(i$ greater than or
equal to the length of the array, -1 is returned, i.e. the array will not be searched. If it is negative, it is ysed as
the offset from the end of the array to compute fromindex. If the computed index is less thar 0, the whole array
will be searched.

When the indexOT method is called with one or two arguments, the following steps are taken:

1. Let O be the result of calling ToObject passing the this value as the argument.
2. LetlenValue be the result of calling the [[Get]] internal method of O-with the argument **length™.
3. Let len be ToUint32(lenValue).
4. If lenis 0, return -1.
5. If argument fromindex was passed let n be Tolnteger(fromindeX); else let n be 0.
6. Ifn>len, return -1.
7. 1fn>0,then
a. Letkben.
8. Else, n<0

a. Letkbelen-abs(n).
b. [Ifkis less than 0, then let k be 0.
9. Repeat, while k<len
a. Let kPresent be the result of caMing the [[HasProperty]] internal method of O with argument
ToString(k).
b. If kPresent is true, then
i. Let elementK be.the result of calling the [[Get]] internal method of O with the argumgnt
ToString(k)s
ii. Let samg-hethe result of applying the Strict Equality Comparison Algorithm to
searchElement and elementK.
iii. If same-is true, return k.
c. Increasekby/1.
10. Return -1.

The length preperty of the indexOf method is 1.
NOTE The indexOf function is intentionally generic; it does not require that its this value be an Array object.

Therefarenit’can be transferred to other kinds of objects for use as a method. Whether the indexOF function|can be
applied’successfully to a host object is implementation-dependent.

1544715 ATray.prototype.lastindexOf ( SearchElement [, fromindex )

lastIndexOf compares searchElement to the elements of the array in descending order using the internal
Strict Equality Comparison Algorithm (11.9.6), and if found at one or more positions, returns the index of the
last such position; otherwise, -1 is returned.

The optional second argument fromindex defaults to the array's length minus one (i.e. the whole array is
searched). If it is greater than or equal to the length of the array, the whole array will be searched. If it is
negative, it is used as the offset from the end of the array to compute fromindex. If the computed index is less
than 0, -1 is returned.
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When the lastIndexOf method is called with one or two arguments, the following steps are taken:

9.
The I¢ngth property of the lastlndexOf method is 1.

NOTE The lastIndexOf function is intentionally generic; it does not require)that its this value be an Array object.
Therefofe it can be transferred to other kinds of objects for use as a method. Whether the lastIndexOf function can be
applied jsuccessfully to a host object is implementation-dependent.

15.4.4.16 Array.prototype.every ( callbackfn [, thisArg ])

callbackfn should be a function that accepts three arguments and returns a value that is coercible to the
Boolean value true or false. every calls callbackin onee for each element present in the array, in ascending
order, Wntil it finds one where callbackfn returns false.If such an element is found, every immediately returns
false. Otherwise, if callbackfn returned true for all:elements, every will return true. callbackfn is called only for
elemerjts of the array which actually exist; it.is\not called for missing elements of the array.

If a thigArg parameter is provided, it wilkbe' used as the this value for each invocation of callbackfn. If it is not
providgd, undefined is used instead:

callbackfn is called with three arguments: the value of the element, the index of the element, and the object
being traversed.

every|does not directly mutate the object on which it is called but the object may be mutated by the calls to
callbackfn.

The rahge of gle'ments processed by every is set before the first call to callbackfn. Elements which are
appended tothe array after the call to every begins will not be visited by callbackfn. If existing elements of the
array gre-changed, their value as passed to callbackfn will be the vaIue at the time every visits them;
elemern

NogprwbdhE

Let O be the result of calling ToObject passing the this value as the argument.
Let lenValue be the result of calling the [[Get]] internal method of O with the argument ""length™.
Let len be ToUint32(lenValue).
If lenis O, return -1.
If argument fromIndex was passed let n be Tolnteger(fromindex); else let n be len-1.
If n >0, then let k be min(n, len — 1).
Else, n<0
a.  Let K be Ten - abs(n).
Repeat, while k> 0
a. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument
ToString(k).
b. If kPresent is true, then
i Let elementK be the result of calling the [[Get]] internal method of O with the ‘argument
ToString(k).
ii. Let same be the result of applying the Strict Equality Comparison Algorithm to
searchElement and elementK.
iii. If same is true, return k.
c. Decrease k by 1.
Return -1.

like the "for all" quantifier in mathematlcs In partlcular for an empty array, it returns true.

When the every method is called with one or two arguments, the following steps are taken:

ok wnNE

134

Let O be the result of calling ToObject passing the this value as the argument.

Let lenValue be the result of calling the [[Get]] internal method of O with the argument ""length™.
Let len be ToUint32(lenValue).

If IsCallable(callbackfn) is false, throw a TypeError exception.

If thisArg was supplied, let T be thisArg; else let T be undefined.

Let k be 0.
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7. Repeat, while k < len
a. Let Pk be ToString(k).

b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.

c. IfkPresentis true, then
i. Let kValue be the result of calling the [[Get]] internal method of O with argument Pk

ii. Let testResult be the result of calling the [[Call]] internal method of callbackfn with T as the

this value and argument list containing kValue, k, and O.
iii. If ToBoolean(testResult) is false, return false.
d. Increase k by 1.

8 Returmtrue:

The length property of the every method is 1.

NOTE The every function is intentionally generic; it does not require that its this value be an Array.object. Therefore

it can be transferred to ot her kinds of objects for use as a method. Whether the every funection can be
successfully to a host object is implementation-dependent.

15.4.4.17 Array.prototype.some ( callbackfn [, thisArg])

callbackfn should be a function that accepts three arguments and returns/ayvalue that is c oercible
Boolean value true or false. some calls callbackin once for each elementpresent in the array, in asg
order, until it finds one where callbackfn returns true. If such an element is found, some immediately
true. Otherwise, some returns false. callbackfn is called only for elements of the array which actually ex
not called for missing elements of the array.

applied

tothe
ending
returns
ist; it is

If a thisArg parameter is provided, it will be used as the this\value for each invocation of callbackfn. If it is not

provided, undefined is used instead.

callbackfn is called with three arguments: the value of'the element, the index of the element, and the
being traversed.

some does not directly mutate the object on_which it is called but the object may be mutated by the
callbackfn.

The range of elements processed by-some is set before the first call to callbackfn. Elements that are ap
to the array after the call to some.begins will not be visited by callbackfn. If existing elements of the an
changed, their value as passed‘to callbackfn will be the value at the time that some visits them; eleme
are deleted after the call to Some begins and before being visited are not visited. some acts like the

quantifier in mathematics. Inyparticular, for an empty array, it returns false.

When the some method is called with one or two arguments, the following steps are taken:

Let O be thewresult of calling ToObject passing the this value as the argument.

Let lenValue be the result of calling the [[Get]] internal method of O with the argument "*length™.
Let lenpe ToUint32(lenValue).

If IsCallable(callbackfn) is false, throw a TypeError exception.

IfthisArg was supplied, let T be thisArg; else let T be undefined.

Let k be 0.

NQ W=

object

calls to

bended
ray are
hts that
exists"

ann:\f, while k < len

a. Let Pk be ToString(k).

b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.

c. If kPresent is true, then
i. Let kValue be the result of calling the [[Get]] internal method of O with argument Pk

ii. Let testResult be the result of calling the [[Call]] internal method of callbackfn with T as the

this value and argument list containing kValue, k, and O.
iii. If ToBoolean(testResult) is true, return true.
d. Increase k by 1.
8. Return false.

The length property of the some method is 1.
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NOTE The some function is intentionally generic; it does not require that its this value be an Array object. Therefore
it can be transferred to other kinds of objects for use as a method. Whether the some function can be applied successfully
to a host object is implementation-dependent.

15.4.4.18 Array.prototype.forEach ( callbackfn [, thisArg])

callbackfn should be a function that accepts three arguments. forEach calls callbackfn once for each element
present in the array, in ascending order. callbackfn is called only for elements of the array which actually exist;
it is not_called for missing elements of the array

If a thigArg parameter is provided, it will be used as the this value for each invocation of callbackfn. If it is'not
providgd, undefined is used instead.

callbackfn is called with three arguments: the value of the element, the index of the element, and(the object
being tfaversed.

forEafh does not directly mutate the object on which it is called but the object may be mutated by the calls to
callbackfn.

The raphge of elements processed by forEach is set before the first call to callbackfn. Elements which are
appended to the array after the call to forEach begins will not be visited by callbackfn. If existing elements of
the arrgy are changed, their value as passed to callback will be the value’at'the time forEach visits them;
elemerjts that are deleted after the call to forEach begins and before being Vvisited are not visited.

When fhe forEach method is called with one or two arguments, the.following steps are taken:

Let O be the result of calling ToObject passing the this value.ds the argument.

Lef lenValue be the result of calling the [[Get]] internal method of O with the argument ""length™.

Lef len be ToUint32(lenValue).

If IsCallable(callbackfn) is false, throw a TypeErrqr exception.

If thisArg was supplied, let T be thisArg; else let Fbe undefined.

Let k be 0.

Repeat, while k < len

a. Let Pk be ToString(k).

b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.

c. If kPresent is true, then
i Let kValue be the wesult of calling the [[Get]] internal method of O with argument Pk.
ii. Call the [[Call]]yinternal method of callbackfn with T as the this value and argument list

containing’kValue, k, and O.
d. Increase k by 1.
8. Refurn undefined.

NogokrwbdeE

The 1¢ngth property of the forEach method is 1.

NOTE The ferEach function is intentionally generic; it does not require that its this value be an Array object.
Therefofe it can_beviransferred to other kinds of objects for use as a method. Whether the forEach function can be
applied jsuccessfully to a host object is implementation-dependent.

15.4.4. 19 Array-prototype-map(cattbackfn{5thisArg 1)

callbackfn should be a function that accepts three arguments. map calls callbackfn once for each element in the
array, in ascending order, and constructs a new Array from the results. callbackfn is called only for elements of
the array which actually exist; it is not called for missing elements of the array.

If a thisArg parameter is provided, it will be used as the this value for each invocation of callbackfn. If it is not
provided, undefined is used instead.

callbackfn is called with three arguments: the value of the element, the index of the element, and the object
being traversed.
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map does not directly mutate the object on which itis called but the object may be mutated by th e calls to
callbackfn.

The range of elements processed by map is set before the first call to callbackfn. Elements which are
appended to the array after the call to map begins will not be visited by callbackfn. If existing elements of the
array are changed, their value as passed to callbackfn will be the value at the time map visits them; elements
that are deleted after the call to map begins and before being visited are not visited.

When the map method is called with one or two arguments. the following steps are taken:

Let O be the result of calling ToObject passing the this value as the argument.
Let lenValue be the result of calling the [[Get]] internal method of O with the argument " length"".
Let len be ToUint32(lenValue).
If IsCallable(callbackfn) is false, throw a TypeError exception.
If thisArg was supplied, let T be thisArg; else let T be undefined.
Let A be a new array created as if by the expression new Array(len) where Array-is the standard puilt-
in constructor with that name and len is the value of len.
Let k be 0.
8. Repeat, while k < len
a. Let Pk be ToString(k).
b. Let kPresent be the result of calling the [[HasProperty]] interhal'method of O with argument Pk.
c. If kPresent is true, then
i. Let kValue be the result of calling the [[Get]] int€tnal method of O with argument Pk
ii. Let mappedValue be the result of calling the/[[Call]] internal method of callbackfn wjth T as
the this value and argument list containing-kValue, k, and O.
iii. Call the [[DefineOwnProperty]] internalsmethod of A with arguments Pk, Property
Descriptor {[[Value]]: mappedValue,f[Writable]]: true, [[Enumerable]]: true,
[[Configurable]]: true}, and falses
d. Increase k by 1.
9. Return A.

ok wnNE

~

The length property of the map method is\1.

NOTE The map function is intentionally ‘generic; it does not require that its this value be an Array object. Therefore it
can be transferred to other kinds of objects\fer use as a method. Whether the map function can be applied succegsfully to
a host object is implementation-dependent!

15.4.4.20 Array.prototype.filter ( callbackfn [, thisArg])

callbackfn should be afunction that accepts three arguments and returns a value that is c oercible| to the
Boolean value true _6r-false. filter calls callbackfn once for each element in the array, in ascending order,
and constructs atnew array of all the values for which callbackfn returns true. callbackfn is called ¢nly for
elements of thetarray which actually exist; it is not called for missing elements of the array.

If a thisArg~parameter is provided, it will be used as the this value for each invocation of callbackfn. If it is not
provided; undefined is used instead.

callbackfn is called with three arguments: the value of the element, the index of the element, and thq object
being traversed

filter does not directly mutate the object on which it is called but the object may be mutated by the calls to
callbackfn.

The range of elements processed by filter is set before the first call to callbackfn. Elements which are
appended to the array after the call to filter begins will not be visited by callbackfn. If existing elements of
the array are changed their value as passed to callbackfn will be the value at the time filter visits them;
elements that are deleted after the call to Fi l'ter begins and before being visited are not visited.

When the Fi lter method is called with one or two arguments, the following steps are taken:
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If 1
Ift

ouk~rwnE

Let O be the result of calling ToObject passing the this value as the argument.
Let lenValue be the result of calling the [[Get]] internal method of O with the argument "*length™.
Let len be ToUint32(lenValue).

sCallable(callbackfn) is false, throw a TypeError exception.
hisArg was supplied, let T be thisArg; else let T be undefined.

Let A be a new array created as if by the expression new Array() where Array is the standard built-in

constructor with that name.

o~

Let k be 0.
Let to be 0.

9. Re

10. Re
The 16

NOTE
Therefo)
succesq

15.4.4.

callbac
each e

callbac
current
that ca
provids
to the f

€at, while K< Ten
a. Let Pk be ToString(k).
b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.
c. If kPresent is true, then
i Let kValue be the result of calling the [[Get]] internal method of O with argument-PKk.
ii. Let selected be the result of calling the [[Call]] internal method of callbackfnwith™T as the
this value and argument list containing kValue, k, and O.
iii. If ToBoolean(selected) is true, then
1. Call the [[DefineOwnProperty]] internal method of A with arguments ToString(to),
Property Descriptor {[[Value]]: kValue, [[Writable]]: true,.[[Enumerable]]: true,
[[Configurable]]: true}, and false.
2. Increase to by 1.
d. Increase k by 1.
urn A.

ngth property of the i lter method is 1.

The Ffilter function is intentionally generic; it does not require that its this value be an Array object.
Fe it can be transferred to other kinds of objects for use as a method”Whether the fi l'ter function can be applied
fully to a host object is implementation-dependent.

1 Array.prototype.reduce ( callbackfn [, initialValue ])

fn should be a function that takes four argufnents. reduce calls the callback, as a function, once for
ement present in the array, in ascending ‘order.

fn is called with four arguments: the_previousValue (or value from the previous call to callbackfn), the
\Value (value of the c urrent element), the currentindex, and the object being traversed. The first time
Iback is called, the previous\Malue and currentValue can be one of two values. If an initialValue was
d in the call to reduce, then-previousValue will be equal to initialValue and currentValue will be equal
rst value in the array. If-no’initialValue was provided, then previousValue will be equal to the first value

in the array and currentValue will be equal to the second. It is a TypeError if the array contains no elements

and ini

reduc
callbac

The ra
appenq

ialValue is not provided:

b does not diréctly mutate the object on which it is called but the object may be mutated by the calls to
fn.

hge of. elements processed by reduce is set before the first call to callbackin. Elements that are
ed’to the array after the call to reduce begins will not be visited by callbackfn. If existing elements of

the arr

by~are changed, their value as passed to callbackfn will be the value at the time reduce visits them;

elements that are deleted after the call to reduce begins and before being visited are not visited.

When the reduce method is called with one or two arguments, the following steps are taken:

If 1
If

ok wnE

138

Let O be the result of calling ToObject passing the this value as the argument.
Let lenValue be the result of calling the [[Get]] internal method of O with the argument "*length™.
Let len be ToUint32(lenValue).

sCallable(callbackfn) is false, throw a TypeError exception.
en is 0 and initialValue is not present, throw a TypeError exception.

Let k be 0.
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7. If initialValue is present, then
a. Set accumulator to initialValue.
8. Else, initialValue is not present
a. Let kPresent be false.
b. Repeat, while kPresent is false and k < len
i Let Pk be ToString(k).

ii. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument

Pk.
iii. If kPresent is true, then
argument Pk.
iv. Increase k by 1.
c. If kPresent is false, throw a TypeError exception.
9. Repeat, while k < len
a. Let Pk be ToString(k).

b. Let kPresent be the result of calling the [[HasProperty]] internal method of Q\With argument Pk.

c. If kPresentis true, then
i Let kValue be the result of calling the [[Get]] internal method0f '© with argument Pk

ii. Let accumulator be the result of calling the [[Call]] internal ‘method of callbackfn with
undefined as the this value and argument list containing.accumulator, kValue, k, and O.
d. Increase k by 1.
10. Return accumulator.
The length property of the reduce method is 1.
NOTE The reduce function is intentionally generic; it does rot require that its this value be an Array| object.

Therefore it can be transferred to other kinds of objects for use as a\method. Whether the reduce function can belapplied

successfully to a host object is implementation-dependent.

15.4.4.22 Array.prototype.reduceRight ( callbackfn{, initialValue ])

callbackfn should be a function that takes fourlarguments. reduceRight calls the callback, as a fynction,

once for each element present in the array;.ifi . descending order.

callbackfn is called with four arguments:-the previousValue (or value from the previous call to callbackf

n), the

currentValue (value of the current element), the currentindex, and the object being traversed. The first time the
function is called, the previousValue.and currentValue can be one of two values. If an initialValue was pfovided

in the call to reduceRight, thenpreviousValue will be equal to initialValue and currentValue will be equdl
last value in the array. If ne‘initialValue was provided, then previousValue will be equal to the last vaIuI
array and currentValue will-be equal to the second-to-last value. It is a TypeError if the array cont

elements and initialValue/is not provided.

reduceRight does not directly mutate the object on which it is called but the object may be mutated
calls to callbackin:

to the
in the
ins no

by the

The rande of elements processed by reduceRight is set before the first call to callbackfn. Elements that are

elements of the array are changed by callbackfn, their value as passed to callbackfn will be the valu
time reduceRight visits them; elements that are deleted after the call to reduceRight begins and
being visited are not visited.

appended to the array after the call to reduceRight begins will not be visited by callbackfn. If{

When the reduceRight method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing the this value as the argument.

Let lenValue be the result of calling the [[Get]] internal method of O with the argument ""length™.
Let len be ToUint32(lenValue).

If IsCallable(callbackfn) is false, throw a TypeError exception.

If len is 0 and initialValue is not present, throw a TypeError exception.

Let k be len-1.

If initialValue is present, then

NogerwbhE
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a. Setaccumulator to initialValue.

8. Else, initialValue is not present

a. Let kPresent be false.
b. Repeat, while kPresent is false and k>0
i Let Pk be ToString(k).
ii. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument
Pk.
iii. If kPresent is true, then
1. Let accumulator be the result of calling the [[Get]] internal method of O with

10. Re
The 14

NOTE
Therefo)
applied

15.4.5

Array i
“Arral

15.4.5.

Array ¢
objectq

Assum

In the f
return f

When
Boolea|

1. Le
the

argument Pk
iv. Decrease k by 1.
c. IfkPresent is false, throw a TypeError exception.
peat, while k>0
a. Let Pk be ToString(k).
b. Let kPresent be the result of calling the [[HasProperty]] internal method of O with argument Pk.
c. |IfkPresentis true, then
i. Let kValue be the result of calling the [[Get]] internal method of O with argument Pk.
il Let accumulator be the result of calling the [[Call]] internal method of calHbackfn with
undefined as the this value and argument list containing accumulator,KValue, k, and O.
d. Decrease k by 1.
urn accumulator.

ngth property of the reduceRight method is 1.

The reduceRight function is intentionally generic; it does not reqdirg that its this value be an Array object.
Fe it can be transferred to other kinds of objects for use as a method. Whether the reduceRight function can be
successfully to a host object is implementation-dependent.

Properties of Array Instances

nstances inherit properties from the Array prototype object and their [[Class]] internal property value is
y''. Array instances also have the following properties.

I [[DefineOwnProperty]] ( P, Desc,.Throw )

bjects use a variation of the [[DefineOwnProperty]] internal method used for other native ECMAScript
(8.12.9).

e A is an Array object, Desc isya Property Descriptor, and Throw is a Boolean flag.

ollowing algorithm, the-term “Reject” means “If Throw is true, then throw a TypeError exception, otherwise
hlse.”

he [[DefineQwaProperty]] internal method of A is called with property P, Property Descriptor Desc, and
h flag Throw,\the following steps are taken:

oldLénDesc be the result of calling the [[GetOwnProperty]] internal method of A passing "length™ as
argument. The result will never be undefined or an accessor descriptor because Array objects are

Creél

ted with a length data property that cannot be deleted or reconfigured

o

Let oldLen be oldLenDesc.[[Value]].

3. IfPis"length", then

140

a. |If the [[Value]] field of Desc is absent, then
i. Return the result of calling the default [[DefineOwnProperty]] internal method (8.12.9) on A
passing ""length", Desc, and Throw as arguments.
Let newLenDesc be a copy of Desc.
Let newLen be ToUint32(Desc.[[Value]]).
If newLen is not equal to ToNumber( Desc.[[Value]]), throw a RangeError exception.
Set newLenDesc.[[Value] to newLen.
If newLen >oldLen, then

0 00 oC
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i. Return the result of calling the default [[DefineOwnProperty]] internal method (8.12.9) on A
passing "length", newLenDesc, and Throw as arguments.
g. Rejectif oldLenDesc.[[Writable]] is false.
h. If newLenDesc.[[Writable]] is absent or has the value true, let newWritable be true.
i. Else,
i. Need to defer setting the [[Writable]] attribute to false in case any elements cannot be
deleted.
ii. Let newWritable be false.
iii. Set newLenDesc.[[Writable] to true.
J—LCetsucceeded be the resuttof catting the defauit {[DefimeOwnPTopernty (] imternat method (8-12.9) on
A passing "length™, newLenDesc, and Throw as arguments.
k. If succeeded is false, return false.
I.  While newLen < oldLen repeat,
i Set oldLen to oldLen — 1.
i Let deleteSucceeded be the result of calling the [[Delete]] internal method of A passimng
ToString(oldLen) and false as arguments.
iii. If deleteSucceeded is false, then
1. Set newLenDesc.[[Value] to oldLen+1.
2. If newWritable is false, set newLenDesc.[[Writable]\to Talse.
3. Call the default [[DefineOwnProperty]] internal-method (8.12.9) on A passing
"length", newLenDesc, and false as arguments:
4. Reject.
m. If newWritable is false, then
i. Call the default [[DefineOwnProperty]] internal method (8.12.9) on A passing "length™,
Property Descriptor{[[Writable]]: false}, and{false as arguments. This call will alway
return true.
n. Return true.
4. Elseif P is an array index (15.4), then
a. Letindex be ToUint32(P).

b. Reject if index > oldLen and oldLenDese:[[Writable]] is false.
c. Let succeeded be the result of calling\the default [[DefineOwnProperty]] internal method (8.1)2.9) on
A passing P, Desc, and false as arguments.

d. Reject if succeeded is false.
e. If index>oldLen
i Set oldLenDesc/[WValue]] to index + 1.
ii. Call the default [[DefineOwnProperty]] internal method (8.12.9) on A passing "length",
oldLenDesc,and false as arguments. This call will always return true.
f.  Return true.
5. Return the result of calling the default [[DefineOwnProperty]] internal method (8.12.9) on A passing ¥
Desc, and Throw as‘arguments.

7]

15.4.5.2 length

The length property of this Array object is a data property whose value is always numerically greater than
the name-of'‘every deletable property whose name is an array index.

The kength property initially has the attributes { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: [false }.

- Attempting-to-set-the-length-property-of-an-Arrav-object-to-a-value-that-is-numerics ess-than-cregudl to the
largest numeric property name of an existing array indexed non-deletable property of the array will result in the length
being set to a numeric value that is one greater than that largest numeric property name. See 15.4.5.1.

15.5 String Objects

15.5.1 The String Constructor Called as a Function

When String is called as a function rather than as a constructor, it performs a type conversion.
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15.5.1.1 String ([ value ])

Returns a String value (nota String object) computed by ToString(value). If value is not supplied, the empty
String """ is returned.

15.5.2 The String Constructor

When String is called as part of a new expression, it is a constructor: it initialises the newly created object.

15.5.2.ll new String ([ value ])

The [[Prototype]] internal property of th e newly constructed object is set to the standard built=in.'String
prototype object that is the initial value of String.prototype (15.5.3.1).

The [[¢lass]] internal property of the newly constructed object is set to "'String™.
The [[Hxtensible]] internal property of the newly constructed object is set to true.

The [[HrimitiveValue]] internal property of the newly constructed object is set to ToString(value), or to the empty
String if value is not supplied.

15.5.3 | Properties of the String Constructor

The vdlue of the [[Prototype]] internal property of the String constructor is the standard built-in Function
prototype object (15.3.4).

Besidep the internal properties and the length property (whose value is 1), the String constructor has the
following properties:

15.5.3.1 String.prototype
The inifial value of String.prototype is the'standard built-in String prototype object (15.5.4).

This prpperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.5.3.2 String.fromCharCode'({char0[,char1[,...]111)

Returng a String value containing as many characters as the number of arguments. Each argument specifies
one chpracter of the resulting String, with the first argument specifying the first character, and so on, from left
to rightt An argumentiisseonverted to a character by applying the operation ToUint16 (9.7) and regarding the
resultig 16-bit integer as the code unit value of a character. If no arguments are supplied, the result is the
empty Btring.

The Igngth property of the fFromCharCode function is 1.

15.5.4 Properties of the String Prototype Object
The String prototype object is itself a String object (its [[Class]] is ""'String') whose value is an empty String.

The value of the [[Prototype]] internal property of the String prototype object is the standard built-in Object
prototype object (15.2.4).

15.5.4.1 String.prototype.constructor

The initial value of String.prototype.constructor is the built-in String constructor.
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15.5.4.2 String.prototype.toString ()

Returns this String value. (Note that, for a String object, the toString method happens to return the same
thing as the valueOf method.)

The toString function is not generic; it throws a TypeError exception if its this value is not a String or a
String object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

45:5-4-3—String-prototype-valuef)
Returns this String value.

The valueOT function is not generic; it throws a TypeError exception if its this value is net a,String of String
object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

15.5.4.4 String.prototype.charAt (pos)

Returns a String containing the character at position pos in the String resultingfrom converting this objé¢ct to a
String. If there is no character at that position, the result is the empty String-T'he result is a String valug, not a
String object.

If pos is a value of Number type that is an integer, then the result-ef.x . charAt(pos) is equal to the rgsult of
X.substring(pos, pos+1).

When the charAt method is called with one argument posithe following steps are taken:

Call CheckObjectCoercible passing the this value asyits argument.

Let S be the result of calling ToString, giving it-.the this value as its argument.
Let position be Tolnteger(pos).

Let size be the number of characters in S.

If position < 0 or position > size, return the’empty String.

Return a String of length 1, containingtone character from S, namely the character at position positionf where
the first (leftmost) character in S is\considered to be at position 0, the next one at position 1, and so or).

oak~wnhE

NOTE The charAt function 4s intentionally generic; it does not require that its this value be a S tringl object.
Therefore, it can be transferred te 6ther kinds of objects for use as a method.

15.5.4.5 String.prototype.charCodeAt (pos)
Returns a Number-(a nonnegative integer less than 2'°) representing the code unit value of the character at
position pos inthe String resulting from converting this object to a St ring. If there is no character |at that
position, the result is NaN.

When the.¢harCodeAt method is called with one argument pos, the following steps are taken:

1~ Call CheckObjectCoercible passing the this value as its argument.

2 Lot S hotho rosult of nnlling Tr'\Qh‘ir\gY gi\ling 1itthe thisvalilo ag its nrgumnnt

3. Let position be Tolnteger(pos).

4. Let size be the number of characters in S.

5. If position < 0 or position > size, return NaN.

6. Return a value of Number type, whose value is the code unit value of the character at position position in the
String S, where the first (leftmost) character in S is considered to be at position 0, the next one at position 1,
and so on.

NOTE The charCodeAt function is intentionally generic; it does not require that its this value be a String object.

Therefore it can be transferred to other kinds of objects for use as a method.
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15.5.4.6 String.prototype.concat ( [ string1 [, string2[,...1]11)

When the concat method is called with zero or more arguments stringl, string2, etc., it returns a String
consisting of the characters of this object (converted to a String) followed by the characters of each of stringl,
string2, etc. (where each argument is converted to a String). The result is a String value, not a String object.
The following steps are taken:

Call CheckObjectCoercible passing the this value as its argument.
Let S be the result of calling ToString, giving it the this value as its argument.

Lefargs be an internal TSt that IS a Copy Of the argument TSt passed to this function.

Le{R be S.

Repeat, while args is not empty

a. Remove the first element from args and let next be the value of that element.

b. Let R be the String value consisting of the characters in the previous value of R followedcbyithe
characters of ToString(next).

6. RefurnR.

agrwNdE

The Igngth property of the concat method is 1.

NOTE The concat function is intentionally generic; it does not require that its this.value be a String object.
Therefofe it can be transferred to other kinds of objects for use as a method.

15.5.4.f String.prototype.indexOf (searchString, position)

If searcpString appears as a substring of the result of converting this ebject to a String, at one or more positions
that afe greater than or equal to position, then the index ofsthe smallest such position is returned;
otherw|se, -1 is returned. If position is undefined, 0 is assumed,so as to search all of the String.

The indexOf method takes two arguments, searchString and position, and performs the following steps:

Call CheckObjectCoercible passing the this value as-its argument.

Lef S be the result of calling ToString, giving it’the this value as its argument.

Le{ searchStr be ToString(searchString).

Lef{ pos be Tolnteger(position). (If positienisundefined, this step produces the value 0).

Lef len be the number of characters in S.

Lef start be min(max(pos, 0), len).

Le{ searchLen be the number of gharacters in searchsStr.

Refurn the smallest possible integef k not smaller than start such that k+ searchLen is not greater than len,
and for all nonnegative integersj less than searchLen, the character at position k+j of S is the same as the
chgracter at position j of searchStr; but if there is no such integer k, then return the value -1.

NGO R~WNE

The Igngth property of the' indexOT method is 1.

NOTE The indexOf function is intentionally generic; it do es not require that its this value be a String object.
Therefofe, it can bé.transferred to other kinds of objects for use as a method.

15.5.4.B . String.prototype.lastindexOf (searchString, position)

If searchString appears as a substring of the result of converting this object to a String at one or more positions
that are smaller than or equal to position, then the index of the greatest such position is returned;
otherwise, -1 is returned. If position is undefined, the length of the String value is assumed, so as to search
all of the String.

The lastIndexOf method takes two arguments, searchString and position, and performs the following steps:
1. Call CheckObjectCoercible passing the this value as its argument.

2. Let S be the result of calling ToString, giving it the this value as its argument.
3. Let searchStr be ToString(searchString).

144 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

Let numPos be ToNumber(position). (If position is undefined, this step produces the value NaN).
If numPos is NaN, let pos be +; otherwise, let pos be Tolnteger(numPos).

Let len be the number of characters in S.

Let start min(max(pos, 0), len).

Let searchLen be the number of characters in searchStr.

©ooNOA

Return the largest possible nonnegative integer k not larger than start such that k+ searchLen is not greater

than len, and for all nonnegative integers j less than searchLen, the character at position k+j of S is the same

as the character at position j of searchStr; but if there is no such integer k, then return the value -1.

I'ne Tengtn property of the rastindexur metnoais 1.

NOTE The lastIndexOTf function is intentionally generic; it does not require that its this value be.a String
Therefore, it can be transferred to other kinds of objects for use as a method.

15.5.4.9 String.prototype.localeCompare (that)

object.

When the localeCompare method is called with one argument that, it returns a/Nurnber other than NaN that

represents the result of a locale-sensitive String comparison of the this value (converted to a String) w
(converted to a String). The two Strings are S and That. The two Strings are_ compared in an impleme
defined fashion. The result is intended to order String values in the sort afder specified by the system

ith that
htation-
default

locale, and will be negative, zero, or positive, depending on whether S comes before That in the sort ordler, the

Strings are equal, or S comes after That in the sort order, respectively.
Before perform the comparisons the following steps are performed*to prepare the Strings:
1. Call CheckObjectCoercible passing the this value as itsargument.

2. Let S be the result of calling ToString, giving it the this,value as its argument.
3. Let That be ToString(that).

The localeCompare method, if considered as-a“function of two arguments this and that, is a consistent

comparison function (as defined in 15.4.4.11) on the set of all Strings.

The actual return values are implementation-defined to permit implementers to encode additional info
in the value, but the function is re quired to define a total ord ering on all Strings and to return (
comparing Strings that are considered)canonically equivalent by the Unicode standard.

If no language-sensitive comparison at all is available from the host environment, this function may pe
bitwise comparison.

NOTE 1 The localeCompare method itself is not directly suitable as an argument to Array.prototyp
because the latter requires a function of two arguments.

NOTE 2  This,function is intended to rely on whatever language-sensitive comparison functionality is availabl
ECMAScript . envifonment from the host environment, and to compare according to the rules of the host envirg
current logale( It is strongly recommended that this function treat Strings that are canonically equivalent accordin

mation
when

form a

P_sort

b to the
hment's
g to the

Unicode ‘standard as identical (in other words, compare the Strings as if they had both been converted to Noimalised

Form¢Chor Dfirs t). It is also recommended that this function not honour Unicode compatibility equivale
decompositions.

ces or

NOTE 3 The second parametier to this funcfion is Tikely o be used in af uture version of this standard; it is

recommended that implementations do not use this parameter position for anything else.

NOTE 4  The localeCompare function is intentionally generic; it does not require that its this value be a String object.

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

15.5.4.10 String.prototype.match (regexp)

When the match method is called with argument regexp, the following steps are taken:
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1. Call CheckObjectCoercible passing the this value as its argument.

Let S be the result of calling ToString, giving it the this value as its argument.

3. If Type(regexp) is Object and the value of the [[Class]] internal property of regexp is ""RegExp"*, then let rx
be regexp;

4. Else, let rx be a new RegExp object created as if by the expression new RegExp(regexp) where RegExp
is the standard built-in constructor with that name.

5. Let global be the result of calling the [[Get]] internal method of rx with argument ""global™".

6. Let exec be the standard built-in function RegExp.prototype.exec (see 15.10.6.2)

7. If global is not true, then

n

a. Return the result of calling the [[Call]] internal method of exec with rx as the this value and

argument list containing S.
se, global is true
a. Call the [[Put]] internal method of rx with arguments ""lastlndex" and 0.
b. Let A be a new array created as if by the expression new Array() where Array is the stahdard
built-in constructor with that name.
Let previousLastindex be 0.
Let n be 0.
Let lastMatch be true.
Repeat, while lastMatch is true

i. Let result be the result of calling the [[Call]] internal method of/exec with rx as the this
value and argument list containing S.
ii. If result is null, then set lastMatch to false.
iii. Else, result is not null
1. Let thisIndex be the result of calling the [[Get])internal method of rx with
argument "lastlndex".
2. If thisIndex = previousLastindex then
a Call the [[Put]] internal method“of rx with arguments ""lastlndex" and
thisindex+1.

b  Set previousLastIndex ta thisIndex+1.
Else, set previousLastindex.tg;thisIndex.

4. Let matchStr be the result of calling the [[Get]] internal method of result with
argument ""0"".

5. Call the [[DefineOwnProperty]] internal method of A with arguments ToString(n),
the Property Descriptor {[[Value]]: matchStr, [[Writable]]: true, [[Enumerable]]:
true, [[configufable]]: true}, and false.

6. Incrementn.

g. Ifn=0,thenreturn null,
h. Return A.

©
m

+® oo

w

NOTE The match function is intentionally generic; it does not require that its this value be a String object. Therefore,
it can b¢ transferred to other kindS of objects for use as a method.

15.5.4.11 String.prototype.replace (searchValue, replaceValue)
First sgt string according to the following steps:

1. Call CheckObjectCoercible passing the this value as its argument.
2. Lef{string be the result of calling ToString, giving it the this value as its argument.

If searchValue is a regular expression (an object whose [[Class]] internal property is ""‘RegExp'"), do the
following: If searchValue.global is false, then search string for the first match of the regular expression
searchValue. If searchValue.global is true, then search string for all ma tches of the regular expression
searchValue. Do the search in the same manner as in String.prototype.match, including the update of
searchValue.lastindex. Let m beth e number of left capturing parentheses in searchValue (using
NcapturingParens as specified in 15.10.2.1).

If searchValue is not a regular expression, let searchString be ToString(searchValue) and search string for the first
occurrence of searchString. Let m be 0.

146 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

If replaceValue is a fu nction, then for each matched substring, call the fu nction with the following m + 3
arguments. Argument 1 is the substring that matched. If searchValue is a regular expression, the next m
arguments are all of the captures in the MatchResult (see 15.10.2.1). Argument m + 2 is the offset within string
where the match occurred, and argument m + 3 is string. The result is a String value derived from the original
input by replacing each matched substring with the corresponding return value of the function call, converted
to a String if need be.

Otherwise, let newstring denote the result of converting replaceValue to a String. The result is a String value
derived from the original input String by replacing each matched substring with a String derived from newstring

by Tepfacing characters i Newstring by Teptacement Xt as specified i Tabte 22. These $ repracements are
done left-to-right, and, once such a replacement is p erformed, the new replacement text is not. sulject to
further replacements. For example, "$1,$2".replace(/(\$(\d))/g, "$$1-$1$2") returng "$1-
$11,$1-%$22". A $ in newstring that does not match any of the forms below is left as is.

Table 22 — Replacement Text Symbol Substitutions

Characters Replacement text (/C)

$$ $

$& The matched substring.

5 The portion of string that precedes the matched substring.

$” The portion of string that follows the matched substring.

$n The n™ capture, where n is a single digit in the range 1 to 9 and $n is not followfed

by a decimal digit. If n<m and the nth capture is undefined, use the empty String
instead. If n>m, the result is implementation-defined.
$nn The nn™ capture, where nn is a two-digit decimal number in the range 01 to 99 If
nn<m and the nn® capture is undefined, use the empty String instead. If nn>m, {he
result is implementation-defined:

NOTE The replace function is intentionally generic; it does not require that its this value be a String object.
Therefore, it can be transferred to other kinds of obje¢ts for use as a method.

15.5.4.12 String.prototype.search (regexp)
When the search method is called,with argument regexp, the following steps are taken:

1. Call CheckObjectCoercible,passing the this value as its argument.

2. Let string be the result’of calling ToString, giving it the this value as its argument.

3. If Type(regexp) is @bject and the value of the [[Class]] internal property of regexp is ""RegExp", thep let rx
be regexp;

4. Else, let rx be@new RegExp object created as if by the expression new RegExp(regexp) where RegExp
is the standdrd built-in constructor with that name.

5. Search theavalue string from its beginning for an occurrence of the regular expression pattern rx. Let fesult
be a Number indicating the offset within string where the pattern matched, or -1 if there was no matc’)l‘. The
lastindex and global properties of regexp are ignored when performing the search. The lastlnpdex
property of regexp is left unchanged.

6~ Return result.

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

15.5.4.13 String.prototype.slice (start, end)

The slice method takes two arguments, start and end, and returns a substring of the result of converting this
object to a String, starting from character position start and running to, but not including, character position end
(or through the end of the String if end is undefined). If start is negative, it is treated as sourceLength+start
where sourceLength is the length of the String. If end is negative, it is treated as sourceLength+end where
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sourceLength is the length of the String. The result is a String value, not a String object. The following steps are
taken:

CoNORA~WNE

Call CheckObjectCoercible passing the this value as its argument.

Let S be the result of calling ToString, giving it the this value as its argument.

Let len be the number of characters in S.

Let intStart be Tolnteger(start).

If end is undefined, let intEnd be len; else let intEnd be Tolnteger(end).

If intStart is negative, let from be max(len + intStart,0); else let from be min(intStart, len).

If itEmd s Tegative, tetto e max (e 1mtEnd; 0); etse tetto be (it End temn):

Le{ span be max(to — from,0).
Refurn a String containing span consecutive characters from S beginning with the character at position from.

The Igngth property of the slice method is 2.

NOTE The slice function is intentionally generic; it does not require that its this value be a String.object. Therefore
it can b¢ transferred to other kinds of objects for use as a method.

15.5.4.14 String.prototype.split (separator, limit)

Returng an Array object into which substrings of the result of converting thistobject to a String have been
stored.| The substrings are d etermined by searching from left to right for, dccurrences of separator; these
occurrgnces are not part of any substring in the returned array, but seryeto divide up the String value. The
value qf separator may be a String of any length or it may be a RegExp)object (i.e., an object whose [[Class]]
interna| property is ""RegExp""; see 15.10).

The value of separator may be an empty String, an empty regulapexpression, or a regular expression that can
match pn empty String. In this case, separator does not match\the empty substring at the beginning or end of
the ingut String, nor does it match the empty substring at the end of the previous separator match. (For
example, if separator is the empty String, the String is split’'up into individual characters; the length of the result
array dquals the length of the String, and each substring contains one character.) If separator is a regular
expresgion, only the first match at a given position«dfithe this String is considered, even if backtracking could
yield al non-empty-substring match at that position. (For example, ""ab".split(/a*?/) evaluates to the
array [['a™,""b""], while "ab™ _split(/a*/) evaluates to the array["""","'b""].)

If the this object is (or converts to) thetempty String, the result depends on whether separator can match the
empty PBtring. If it can, the result array-contains no elements. Otherwise, the result array contains one element,
which is the empty String.

If separjator is a regular expression that contains capturing parentheses, then each time separator is matched
the results (including any-undefined results) of the capturing parentheses are spliced into the output array.
For example,

""A<B>bold</B>and<CODE>coded</CODE>".split(/<(\/)?(["<>]+)>/)

evaluafes to the array

If separ

['A"s=undefined, "B', "bold", '/, "B", "and", undefined,
“CODE", 'coded™, "/*, "CODE", "1]

String). If limit is not undefined, then the output array is truncated so that it contains no more than limit
elements.

When the split method is called, the following steps are taken:

1.
2.
3.

4.

148

Call CheckObjectCoercible passing the this value as its argument.

Let S be the result of calling ToString, giving it the this value as its argument.

Let A be a new array created as if by the expression new Array()where Array is the standard built-in
constructor with that name.

Let lengthA be 0.
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5. If limit is undefined, let lim = 2%%-1; else let lim = ToUint32(limit).
6. Lets be the number of characters in S.
7. Letp=0.
8. If separator is a RegExp object (its [[Class]] is ""RegExp""), let R = separator; otherwise let R =
ToString(separator).
9. Iflim=0, return A.
10. If separator is undefined, then
a. Call the [[DefineOwnProperty]] internal method of A with arguments "'0"", Property Descriptor
{[[Value]]: S, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and false.
D, Return A.
11. If s =0, then
a. Call SplitMatch(S, 0, R) and let z be its MatchResult result.
b. If zis not failure, return A.
c. Call the [[DefineOwnProperty]] internal method of A with arguments 0", Property.Descriptpr
{[[\Value]l: S, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true¥}, and false.
d. Return A.
12. Letqg=p.
13. Repeat, while g #s
a. Call SplitMatch(S, g, R) and let z be its MatchResult result.
b. If zis failure, then let g = g+1.
c. Else, zisnot failure
i. z must be a State. Let e be z's endIndex and let cap beyz's captures array.
ii. If e=p, thenletq = q+1.
iii. Else,e#p
1. Let T be a String value equal to the sUbstring of S consisting of the characterp at
positions p (inclusive) through,q {exclusive).
2. Call the [[DefineOwnProperty]Nnternal method of A with arguments
ToString(lengthA), Property~Descriptor {[[Value]]: T, [[Writable]]: true,
[[Enumerable]]: true, [[Configurable]]: true}, and false.
3. Increment lengthA by-1:
4. If lengthA = lim, return A.
5 Letp=e.
6. Leti=0.
7. Repeat, while'i is not equal to the number of elements in cap.
a (Leti=i+l.
b. Call the [[DefineOwnProperty]] internal method of A with argumentp
ToString(lengthA), Property Descriptor {[[Value]]: capli], [[Writablg]]:
true, [[Enumerable]]: true, [[Configurable]]: true}, and false.
¢ Increment lengthA by 1.
d If lengthA = lim, return A.
8. Letqg=p.
14. Let T be a String,value equal to the substring of S consisting of the characters at positions p (inclusivg)
through s (exclusive).
15. Call the [[DefineOwnProperty]] internal method of A with arguments ToString(lengthA), Property Degcriptor
{[[Vatug]]: T, [[Writable]]: true, [[Enumerable]]: true, [[Configurable]]: true}, and false.
16. Returh/A.

The\abstract operation SplitMatch takes three parameters, a String S, an integer g, and a String or RegExp R,

and performs the following in order to return a MatchResult (see 15.10.2.1):

1.

gRwn

o

If R is a RegExp object (its [[Class]] is ""RegExp"), then
a. Call the [[Match]] internal method of R giving it the arguments S and g, and return the MatchResult
result.
Type(R) must be String. Let r be the number of characters in R.
Let s be the number of characters in S.
If g+r > s then return the MatchResult failure.
If there exists an integer i between 0 (inclusive) and r (exclusive) such that the character at position g+i of S
is different from the character at position i of R, then return failure.
Let cap be an empty array of captures (see 15.10.2.1).
Return the State (q+r, cap). (see 15.10.2.1)
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The length property of the spl it method is 2.
NOTE 1 The spl it method ignores the value of separator.global for separators that are RegExp objects.

NOTE 2  The split function is intentionally generic; it does not require that its this value be a String object. Therefore,
it can be transferred to other kinds of objects for use as a method.

15.5.4.15 String.prototype.substring (start, end)

The sdbstring method takes two arguments, start and end, and returns a substring of the result of converting
this object to a String, starting from character position start and running to, but not including, character position
end of the String (or through the end of the String is end is undefined). The result is a String value, not a)String
object.

If eithef argument is NaN or negative, it is replaced with zero; if either argument is larger than the,léngth of the
String, [it is replaced with the length of the String.

If start is larger than end, they are swapped.
The following steps are taken:

Call CheckObjectCoercible passing the this value as its argument.

Le S be the result of calling ToString, giving it the this value as its argument.
Lef len be the number of characters in S.

Lef intStart be Tolnteger(start).

If gnd is undefined, let intEnd be len; else let intEnd be Tolntedger(end).

Lef finalStart be min(max(intStart, 0), len).

Lef finalEnd be min(max(intEnd, 0), len).

Le{ from be min(finalStart, finalEnd).

Le{ to be max(finalStart, finalEnd).

0. Refurn a String whose length is to - from, containing-characters from S, namely the characters with indices
from through to —1, in ascending order.

BOoo~NoO~whE

The Igngth property of the substring methed'is 2.

NOTE The substring function is intentionally generic; it does not require that its this value be a String object.
Therefofe, it can be transferred to other kinds of objects for use as a method.

15.5.4.16 String.prototype.toLowerCase ()
The following steps are taken:

1. Call CheckObject€oercible passing the this value as its argument.

2. Lel S be the result of calling ToString, giving it the this value as its argument.

3. Le{L be aString where each character of L is either the Unicode lowercase equivalent of the corresponding
chdracter\of'S or the actual corresponding character of S if no Unicode lowercase equivalent exists.

4. Refurn I

For the purposes of this operation, the 16-bit code units of the Strings are treated as code points in the
Unicode Basic Multilingual Plane. Surrogate code points are directly transferred from S to L without any

mapping.

The result must be derived according to the case mappings in the Unicode character database (this explicitly
includes not only the UnicodeData.txt file, but also the SpecialCasings.txt file that accompanies it in Unicode
2.1.8 and later).

NOTE 1 The case mapping of some characters may produce multiple characters. In this case the result String may not
be the same length as the source String. Because both toUpperCase and toLowerCase have context-sensitive
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behaviour, the functions are not symmetrical. In other words, s.toUpperCase() .toLowerCase() is not necessarily

equal to s. toLowerCase().

NOTE 2 The toLowerCase function is intentionally generic; it does not require that its this value be a String object.

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

15.5.4.17 String.prototype.toLocaleLowerCase ()

This function works exactly the same as tolowerCase except that its result is intended to yield the correct

result for the host environment’s current locale, rather than a locale-independent result. There will jonly be a

difference in the few cases (such as Turkish) where the rules for that language conflict with 'the [regular

Unicode case mappings.

NOTE 1 The first parameter to this function is likely to be used in a future version of this standard;)it is recommended

that implementations do not use this parameter position for anything else.

NOTE2 The toLocalelLowerCase function is intentionally generic; it does not require(that its this value be p String

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

15.5.4.18 String.prototype.toUpperCase ()

This function behaves in exactly the same way as String.prototype.toLowerCase, except that

characters are mapped to their uppercase equivalents as specified(injthe Unicode Character Database.

NOTE The toUpperCase function is intentionally generic; it does not require that its this value be a String object.

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

15.5.4.19 String.prototype.toLocaleUpperCase ()

This function works exactly the same as toUpperCase except that its result is intended to yield the |correct

result for the host environment’s current lacale, rather than a locale-independent result. There will only be a

difference in the few cases (such as Turkish) where the rules for that language conflict with the [regular

Unicode case mappings.

NOTE 1 The first parameter to this function is likely to be used in a future version of this standard; it is recommended

that implementations do not use this\parameter position for anything else.

NOTE2 The toLocaleUpperCase function is intentionally generic; it does not require that its this value be p String

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

15.5.4.20 String:prototype.trim ()

The following-steps are taken:

1. GalhCheckObjectCoercible passing the this value as its argument.

2. ALet S be the result of calling ToString, giving it the this value as its argument.

3+ Let T be a String value that is a copy of S with both leading and trailing white space removed. The definition
of white space Is the unton of WRIteSpace and Line Terminator.

4. ReturnT.

NOTE The trim function is intentionally generic; it does not require that its this value be a String object. Therefore, it

can be transferred to other kinds of objects for use as a method.
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15.5.5 Properties of String Instances

String instances inherit properties from the String prototype object and their [[Class]] internal property value is
"'String". String instances also have a [[PrimitiveValue]] internal property, a length property, and a set of
enumerable properties with array index names.

The [[PrimitiveValue]] internal property is the String value represented by this String object. The array index
named properties correspond to the individual characters of the String value. A special [[GetOwnProperty]]
internal method is used to specify the number, values, and attributes of the array index named properties.

15.5.51 length
The number of characters in the String value represented by this String object.

Once @ String object is created, this property is unchanging. It has the attributes { [[Writable]]: false,
[[Enumerable]]: false, [[Configurable]]: false }.

15.5.5.2 [[GetOwnProperty]] (P)

String pbjects use a variation of the [[GetOwnProperty]] internal method used for other native ECMAScript
objectq (8.12.1). This special internal method p rovides access to named properties corresponding to the
individyial characters of String objects.

Assumg S is a String object and P is a String.

When fhe [[GetOwnProperty]] internal method of S is called with ‘property name P, the following steps are
taken:

1. Le{desc be the result of calling the default [[GetOwnRroperty]] internal method (8.12.1) on S with argument

P.

If desc is not undefined return desc.

If ToString(abs(Tolnteger(P))) is not the same(value as P, return undefined.

Lef str be the String value of the [[Primitive\alue]] internal property of S.

Lef index be Tolnteger(P).

Lef len be the number of characters in str.

If len < index, return undefined.

Lef resultStr be a String of length 1, containing one character from str, specifically the character at position

index, where the first (leftmost)_character in str is considered to be at position 0, the next one at position 1,

ang so on.

9. Refurn a Property Descriptor { [[Value]]: resultStr, [[Enumerable]]: true, [[Writable]]: false,
[[Qonfigurable]]: false-}

NGO~ wN

15.6 Boolean Objects

15.6.1 | The Boolean Constructor Called as a Function

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

15.6.1.1 Boolean (value)

Returns a Boolean value (not a Boolean object) computed by ToBoolean(value).

15.6.2 The Boolean Constructor

When Boolean is called as part of a new expression it is a constructor: it initialises the newly created object.
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15.6.2.1 new Boolean (value)

The [[Prototype]] internal property of the newly constructed object is set to the original Boolean prototype

object, the one that is the initial value of Boolean.prototype (15.6.3.1).

The [[Class]] internal property of the newly constructed Boolean object is set to ""‘Boolean™.

The [[PrimitiveValue]] internal property of the newly constructed Boolean object is set to ToBoolean(value).

The [[Extensible]] internal property of the newly constructed object is set to true.

15.6.3 Properties of the Boolean Constructor

The value of the [[Prototype]] internal property of the Boolean constructor is the Function’ prototype
(15.3.4).

Besides the internal properties and the length property (whose value is 1), the’Boolean constructor
following property:

15.6.3.1 Boolean.prototype
The initial value of Boolean.prototype is the Boolean prototype-object (15.6.4).

This property has the attributes { [[Writable]]: false, [[Enumerabl€]]: false, [[Configurable]]: false }.

15.6.4 Properties of the Boolean Prototype Object
The Boolean prototype object is itself a Boolean object (its [[Class]] is "Boolean’") whose value is fals

The value of the [[Prototype]] internal property of the Boolean prototype object is the standard built-in
prototype object (15.2.4).

15.6.4.1 Boolean.prototype.constructor

The initial value of Boolean<prototype.constructor is the built-in Boolean constructor.

15.6.4.2 Boolean.prototype.toString ()
The following steps.are taken:

1. Let B bethe this value.

2. If Type(B) is Boolean, then let b be B.

3. EISeif Type(B) is Object and the value of the [[Class]] internal property of B is ""Boolean™, then let
the value of the [[PrimitiveValue]] internal property of B.
Else throw a TypeError exception.

object

nas the

W

Object
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15.6.4.3 Boolean.prototype.valueOf ()
The following steps are taken:

1. Let B be the this value.
2. If Type(B) is Boolean, then let b be B.

3. Else if Type(B) is Object and the value of the [[Class]] internal property of B is ""Boolean™, then let b be

the value of the [[PrimitiveValue]] internal property of B.
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4. Else throw a TypeError exception.

5. Re

15.6.5

turn b.

Properties of Boolean Instances

Boolean instances inherit properties from the Boolean p rototype object and their [[Class]] internal property
value is "'‘Boolean". Boolean instances also have a [[PrimitiveValue]] internal property.

The [[Primiti\/p\/nlun]] internal pmpprfy is the Boolean value rpprpqpn’rnr‘l hy this Boolean nhjpr‘t

15.7 Number Objects

15.7.1

When

15.7.1.

Return

The Number Constructor Called as a Function

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

' Number ([ value])

5 a Number value (not a Number object) computed by ToNumber(value)\if'value was supplied, else

returns| +0.

16.7.2

When

15.7.2.

The Number Constructor

Number is called as part of a new expression it is a constructor: it initialises the newly created object.

' new Number ([ value ])

The [[Frototype]] internal property of the newly constiucted object is set to the original Number prototype

object,

the one that is the initial value of Number . prototype (15.7.3.1).

The [[(lass]] internal property of the newly constructed object is set to *'"Number™.

The [[ArimitiveValue]] internal property «f the newly constructed object is set to ToNumber(value) if value was
suppligd, else to +0.

The [[Hxtensible]] internal property-of the newly constructed object is set to true.

16.7.3

Properties of the-Number Constructor

The vdlue of the [[Prototype]] internal property of the Number constructor is the Function prototype object

(15.3.4).

Besidep the internal properties and the length property (whose value is 1), the Number constructor has the
following-properties:

15.7.3.

The ini

1 Number.prototype

tial value of Number .prototype is the Number prototype object (15.7.4).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
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15.7.3.2 Number.MAX_VALUE

The value of Number_MAX_VALUE is the largest positive finite value of the Number type, w hich is

approximately 1.7976931348623157 x 10°®,

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.7.3.3 Number.MIN_VALUE

The value of Number .MIN_VALUE is the smallest positive value of the Number type, which is approx
5 x 107,

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false'}.

15.7.3.4 Number.NaN
The value of Number .NaN is NaN.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false,[[Configurable]]: false }.

15.7.3.5 Number.NEGATIVE_INFINITY
The value of Number.NEGATIVE_INFINITY is —o.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.7.3.6 Number.POSITIVE_INFINITY
The value of Number.POSITIVE_INFINITY is-#x.

This property has the attributes { [[Writable]l: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.7.4 Properties of the Number.Prototype Object
The Number prototype object.is itself a Number object (its [[Class]] is ""Number'") whose value is +0.

The value of the [[Prototype]] internal property of the Number prototype object is the standard built-in
prototype object (15:2:4).

mately

Object

Unless explicitly stated otherwise, the methods of the Number prototype object defined below are not generic

and the thi§yvalue passed to them must be either a Number value or an Object for which the valusg
[[Class]}internal property is ""Number".

In the'following descriptions of functions that are properties of the Number prototype object, the phra

of the

be “this

Number object” refers to either the object that is the this value for the invocation of the functio

h or, if

Type(this value) Is Number, an object that IS created as It by the expression new Number (this
where Number is the standard built-in constructor with that name. Also, the phrase “this Number value

value)
” refers

to either the Number value represented by this Number object, that is, the value of the [[PrimitiveValue]]
internal property of this Number object or the this value if its type is Number. A TypeError exception is
thrown if the this value is neither an object for which the value of the [[Class]] internal property is ""Number**

or a value whose type is Number.

15.7.4.1 Number.prototype.constructor

The initial value of Number . prototype.constructor is the built-in Number constructor.
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15.7.4.2 Number.prototype.toString ( [ radix ] )

The optional radix should be an integer value in the inclusive range 2 to 36. If radix not present or is undefined
the Number 10 is used as the value of radix. If Tolnteger(radix) is the Number 10 then this Number value is
given as an argument to the ToString abstract operation; the resulting String value is returned.

If Tolnteger(radix) isn ot an integer between 2an d 36 inc lusive throw a RangeError exception. If
Tolnteger(radix) is an integer from 2 to 36, but not 10, the result is a String representation of this Number value
using the specified radix. Letters a-z are used for digits with values 10 through 35. The precise algorithm is

implenfentation-dependent It the radix IS not 10, however the algorithm should be a generalisation of that
specified in 9.8.1.

The tdString function is not generic; it throws a TypeError exception if its this value is not a Number or a
Numbdr object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

15.7.4.3 Number.prototype.toLocaleString()

Produgdes a String value that represents this Number value formatted according to the ‘conventions of the host
envirorjment’s current locale. This function is impl ementation-dependent, and _itis'p ermissible, but not
encourpged, for it to return the same thing as toString.

NOTE The first parameter to this function is likely to be used in a future version of‘this standard; it is recommended
that impglementations do not use this parameter position for anything else.

15.7.4.4 Number.prototype.valueOf ()
Returns this Number value.

The vglueOf function is not generic; it throws a TypeErtor exception if its this value is not a Number or a
Numbdr object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

15.7.4.6 Number.prototype.toFixed (fractionDigits)

Return|a String containing this Number value represented in decimal fixed-point notation with fractionDigits
digits gfter the decimal point. If fractionDigits is undefined, 0 is assumed. Specifically, perform the following
steps:

Lef f be Tolnteger(fractionDigits). (If fractionDigits is undefined, this step produces the value 0).
If f]< 0 or f > 20, throw alRangeError exception.
Lef x be this Number valte.
If § is NaN, return_the)String ""NaN"".
Lel s be the emptyString.
If § <0, then
a. Letsbe"-".
b. ,EgtXx = —x.
7. 1y >10%, then
a~ letm=ToString(x)
8. Else, x < 10%
a. Let n be an integer for which the exact mathematical value of n + 10" — x is as close to zero as
possible. If there are two such n, pick the larger n.
b. Ifn=0, let mbe the String ""0"". Otherwise, let m be the String consisting of the digits of the
decimal representation of n (in order, with no leading zeroes).
c. Iff=0,then
i. Let k be the number of characters in m.
ii. If k <f, then
1. Let z be the String consisting of f+1-k occurrences of the character ‘0’.
2. Let m be the concatenation of Strings z and m.

ok whpE
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3. Letk=f+1.
iii. Let a be the first k—f characters of m, and let b be the remaining f characters of m.
iv. Let m be the concatenation of the three Strings a, **."*, and b.
9. Return the concatenation of the Strings s and m.

The Iength property of the toFixed method is 1.

If the toFixed method is called with more than one argument, then the behaviour is undefined (see

clause 15).

An implementation is permitted to extend the behaviour of toFixed for values of fractionDigits less th
greater than 20. In this case toFixed would not necessarily throw RangeError for such values-

NOTE The output of toFixed may be more precise than toString for some values because~{oString on
enough significant digits to distinguish the number from adjacent number values. For example,
(1000000000000000128) . toString() returns **1000000000000000100",

while (1000000000000000128) . toFixed(0) returns **1000000000000000128"".

15.7.4.6 Number.prototype.toExponential (fractionDigits)

an 0 or

y prints

Return a String containing this Number value represented in decimal exponential notation with one digif before
the significand's decimal point and fractionDigits digits after the significand's decimal point. If fractionDigits is

undefined, include as many significand digits as necessary touniq uely specify the Number (just

like in

ToString except that in this case the Number is always outputin €xpo nential notation). Specifically, perform

the following steps:

Let x be this Number value.
Let f be Tolnteger(fractionDigits).
If x is NaN, return the String ""NaN"".
Let s be the empty String.
If x <0, then
a. Letshbe™-".
b. Letx=-x.
6. If x =+, then
a. Return the concatenation-of the Strings s and "Infinity".

A A o

7. If fractionDigits is not undefined and (f < 0 or f > 20), throw a RangeError exception.
8. Ifx=0,then

a. Letf=0.

b. Letm be the"String consisting of f+1 occurrences of the character ‘0’.

c. Lete=00
9. Else,x#0

a. If fractionDigits is not undefined, then
I, Let e and n be integers such that 10" < n < 10™* and for which the exact mathematica
of n x 105" = x is as close to zero as possible. If there are two such sets of e and n, pi
e and n for which n x 10° is larger.
b. Else, fractionDigits is undefined
i. Lete, n, and f be integers such that f > 0, 10" < n < 10", the number value for n x 10

value
ck the

s x,

and fisas small as pnccihln Note that the decimal rnpracant:finn of nhas f+1 Higifc,

not divisible by 10, and the least significant digit of n is not necessarily uniquely
determined by these criteria.

IS

c. Letm be the String consisting of the digits of the decimal representation of n (in order, with no

leading zeroes).
10. If f # 0, then
a. Leta be the first character of m, and let b be the remaining f characters of m.
b. Let m be the concatenation of the three Strings a, **."", and b.
11. If e =0, then
a. Letc="+"._
b. Letd="0".
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12. Else

a. Ife>0,thenletc=""+".
b. Else,e<0

i Letc=""-""

ii. Let e = —e.

c. Letd be the String consisting of the digits of the decimal representation of e (in order, with no
leading zeroes).

13. Let m be the concatenation of the four Strings m, "*e"*, c, and d.

14. Re

turn the concatenation of the Strings s and m.

The Igngth property of the toExponential method is 1.

If the oExponential method is called with more than one argument, then the behaviour is undefined (see

clause

15).

An imglementation is permitted to extend the behaviour of toExponential for values of fractionDigits less

than 0
values

NOTE

or greater than 20. In this case toExponential would not necessarily throw RangeError for such

For implementations that provide more accurate conversions than requirédyby the rules above, it is

recomnjended that the following alternative version of step 9.b.i be used as a guideline:

15.7.4.

Return
before

i Lete, n, and f be integers such that f > 0, 10" < n < 10, the numher, vatue for n x 10" is x, and f is as small
as possible. If there are multiple possibilities for n, choose the valtie of n for which n x 10° is closest in value
to x. If there are two such possible values of n, choose the onetthat'is even.

7 Number.prototype.toPrecision (precision)

a String containing this Number value represented either in decimal exponential notation with one digit
the significand's decimal point and precision-1 digits' after the significand's decimal point or in decimal

fixed notation with precision significant digits. If precision is undefined, call ToString (9.8.1) instead.

Specifi
1. Le
2.

3. Le
4, |If

5. Le
6. If

7. If
8. Ify
9. If

10. Elg
158

Cally, perform the following steps:

x be this Number value.

If grecision is undefined, return ToString(x).

p be Tolnteger(precision).

is NaN, return the String ""NaN-.

s be the empty String.

<0, then

a. Letsbe™-".

b. Letx=-x.

= +oo, then

a. Return the)concatenation of the Strings s and *"Infinity".
<1 or p > 2%-throw a RangeError exception.

=0, then

a. Letm be the String consisting of p occurrences of the character ‘0.
b.ALete=0.

e ‘x % 0,

a. Lete and n be Integers such that I0° - < n < 10° and for which the exact mathematical value of n x
10°P*1 _ x is as close to zero as possible. If there are two such sets of e and n, pick the e and n for
which n x 105" is larger.

b. Let m be the String consisting of the digits of the decimal representation of n (in order, with no
leading zeroes).

c. Ife<-6ore>p,then

i. Let a be the first character of m, and let b be the remaining p—1 characters of m.
ii. Let m be the concatenation of the three Strings a, **."", and b.
iii. If e =0, then
1. Letc="+"andd="0".
iv. Elsee =0,
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1. Ife>0, then
a Letc="+",

2. Elsee<0,
a Letc="-""
b Lete=-e.
3. Let d be the String consisting of the digits of the decimal representation of e (in
order, with no leading zeroes).
V. Let m be the concatenation of the five Strings s, m, ""e"*, c, and d.
11. If e = p-1, then return the concatenation of the Strings s and m.
12. If e > 0, then L
a. Let m be the concatenation of the first e+1 characters of m, the character “.’, and the remaining p—
(e+1) characters of m.
13. Elsee <0,
a. Let m be the concatenation of the String ""0."", —(e+1) occurrences of the character,*0’, and the
String m.

14. Return the concatenation of the Strings s and m.

The length property of the toPrecision method is 1.

If the toPrecision method is called with more than one arg ument, then\the behaviour is undefing
clause 15).

An implementation is permitted to extend the behaviour of toPrecision for values of precision less th
greater than 21. In this case toPrecision would not necessarily.throw RangeError for such values.

15.7.5 Properties of Number Instances

Number instances inherit properties from the Number prototype object and their [[Class]] internal p
value is ""Number"'. Number instances also have a {[PrimitiveValue]] internal property.

The [[PrimitiveValue]] internal property is the Number value represented by this Number object.

15.8 The Math Object
The Math object is a single object that has some named properties, some of which are functions.

The value of the [[Prototype]])internal property of the Math object is the standard built-in Object pr
object (15.2.4). The value'ofithe [[Class]] internal property of the Math object is **Math"".

The Math object does_not have a [[Construct]] internal property; it is not possible to use the Math objg
constructor with th€ new operator.

The Math object does not have a [[Call]] in ternal property; it is n ot possible to invoke the Math obje
function,

NOTE In this specification, the phrase “the Number value for x” has a technical meaning defined in 8.5.

d (see

an 1 or

roperty

ptotype

ct as a

ct as a

15.8.1 Value Properties of the Math Object

156.8.1.1 E

The Number value for e, the base of the natural logarithms, which is approximately 2.7182818284590452354.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
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15.8.1.2 LN10

The Nu

mber value for the natural logarithm of 10, which is approximately 2.302585092994046.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.8.1.3 LN2

The N

mber value for the natural Ingnrifhm of ‘7Y which is :\pprnvim:\fnly 0.6931471805599453

This prpperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.8.1.4 LOG2E

The NU
1.44269

This prf

NOTE

15.8.1.

The N
approx

This prf

NOTE

mber value for the base-2 logarithm of e, the base of the natural logarithms; this value lis approximately
50408889634.

bperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

The value of Math . LOG2E is approximately the reciprocal of the value of Math»IN2.

5 LOG10E

umber value for the base-10 logarithm of e, the base oOfithe natural logarithms; this value is
mately 0.4342944819032518.

bperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

The value of Math .LOG10E is approximately the re€iprocal of the value of Math.LN10.

15.8.1.p PI

The Ndmber value for =, the ratio of the ‘cirtcumference of a circle to its diameter, which is approximately

3.14159

This prf

15.8.1.
The NU
This prf

NOTE

26535897932.

bperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

7 SQRT1_2
mber value for.the)square root of %, which is approximately 0.7071067811865476.
bperty hagthe attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

Thevalue of Math.SQRT1_2 is approximately the reciprocal of the value of Math.SQRT2.

15.8.1.8— SQRTZ

The Number value for the square root of 2, which is approximately 1.4142135623730951.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
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15.8.2 Function Properties of the Math Object

Each of the following Math object functions applies the ToNumber abstract operator to each of its arguments
(in left-to-right order if there is more than one) and then performs a computation on the resulting Number

value(s).

In the function descriptions below, the symbols NaN, -0, +0, — and +e refer to the Number values described

in 8.5.
NOTE The behaviour of the functions acos, asin, atan, atan2, cos, exp, log, pow, sin, sqrt, and tan is not
precisely specified here except to require specific results for certain argument values that represent boundary‘gases of
interest. For other argument values, these functions are intended to compute approximations to the results of|familiar
mathematical functions, but some latitude is allowed in the choice of approximation algorithms. The general inter|t is that
an implementer should be able to use the same mathematical library for ECMAScript on a given hardware platform that is
available to C programmers on that platform.
Although the choice of algorithms is left to the implementation, it is recommended (but not specified by this standard) that
implementations use the approximation algorithms for IEEE 754 arithmetic contained in fdLibm, the freely distrjbutable
mathematical library from Sun Microsystems (http://www.netlib.org/fdlibm).
15.8.2.1 abs (x)
Returns the absolute value of x; the result has the same magnitude@s x but has positive sign.

e If xis NaN, the result is NaN.

e If xis -0, the result is +0.

e If xis —oo, the result is +oo.
15.8.2.2 acos (x)
Returns an implementation-dependent approximation to the arc cosine of x. The result is expressed in fadians
and ranges from +0 to +x.

e If xis NaN, the result is NaN.

e |f xis greater than 1, the'result is NaN.

e If xis less than —1, theiresult is NaN.

o Ifxisexactly 1,.the result is +0.
15.8.2.3 asin (x)
Returns an implementation-dependent approximation to the arc sine of x. The result is expressed in fadians

and ranges fremr —n/2 to +n/2.

If x is NaN, the result is NaN.
If x is greater than 1, the result is NaN.
If x is less than -1, the result is NaN.

Py s 4-(\’ the rosult is +0

e Ifxis -0, the result is -0.

15.8.2.4 atan (x)

Returns an implementation-dependent approximation to the arc tangent of x. The result is expressed in

radians and ranges from —m/2 to +n/2.

© ISO/IEC 2011 — Al rights reserved

161


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

If x is NaN, the result is NaN.

If x is +0, the result is +0.

If x is =0, the result is 0.

If X is +o0, the result is an implementation-dependent approximation to +m/2.
If X is —oo, the result is an implementation-dependent approximation to —/2.

15.8.2.5 atan2 (y, x)

Return arll ;III’J:CIIIUI Itdt;ul I'dUPUI IdUI It GPPIUA;IIIat;UII tU thU arv tdl IUCI It Uf thc unt;Ul It _ylll\ Uf thc GIHUIIICI ItO y
and x, where the signs of y and x are used to determine the quadrant of the result. Note that it is intentional
and traditional for the two-argument arc tangent function that the argument named y be first and the argument
named|x be second. The result is expressed in radians and ranges from —x to +r.

If either x or y is NaN, the result is NaN.

If y>0 and x is +0, the result is an implementation-dependent approximation to +n/2.

If y>0 and x is -0, the result is an implementation-dependent approximation to +m/2.

If y is +0 and x>0, the result is +0.

If y is +0 and x is +0, the result is +0.

Ify is +0 and x is -0, the result is an implementation-dependent approximatiof.to-+mn.

If y is +0 and x<0, the result is an implementation-dependent approximation te™ +.

If y is —0 and x>0, the result is 0.

If y is =0 and x is +0, the result is —0.

If y is —0 and x is -0, the result is an implementation-dependent appreximation to —x.

If y is —0 and x<0, the result is an implementation-dependent approximation to —m.

If y<0 and x is +0, the result is an implementation-dependent'approximation to —m/2.

If y<0 and x is -0, the result is an implementation-dependent approximation to —m/2.

If y>0 and y is finite and x is +oo, the result is +0.

If y>0 and y is finite and x is —o, the result if an implementation-dependent approximation to +mn.
If y<0 and y is finite and x is +o, the result is —0:

If y<0 and y is finite and x is —oo, the result is-an‘implementation-dependent approximation to —.
Ify is +o0 and x is finite, the result is an implementation-dependent approximation to +m/2.
Ify is —oo and x is finite, the result is animplementation-dependent approximation to —n/2.
If y is +o0 and X is +oo, the result is@nimplementation-dependent approximation to +n/4.
If y is +o0 and X is —oo, the result is an implementation-dependent approximation to +3n/4.
If y is —oo0 and x is +oo, the resultvis an implementation-dependent approximation to —mn/4.
If y is —oo0 and x is —oo, theresult is an implementation-dependent approximation to —3n/4.

15.8.2p ceil (x)

Returng the smallest (Closest to —) Number value that is not less than x and is equal to a mathematical
integer} If x is already.an’integer, the result is x.

If Xis*NaN, the result is NaN.

Ifxis +0, the result is +0.

If'x is -0, the result is —0.

If X is +o0 the result is +o0

If x is —oo, the result is —oo.

If x is less than 0 but greater than -1, the result is —0.

The value of Math.cei 1 (X) is the same as the value of -Math.floor(-x).

15.8.2.7 cos (x)

Returns an implementation-dependent approximation to the cosine of x. The argument is expressed in radians.
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If x is NaN, the result is NaN.
If x is +0, the result is 1.

If x is =0, the result is 1.

If x is +oo, the result is NaN.
If x is —oo, the result is NaN.

15.8.2.8 exp (x)

Rt H 1 b ol ol 4 H ' bl bl f b £ L H ol b dlo
TS art mrpIciicTiiiatUTrImuUT pTIiUucTiitec AP PTUATTIAUUTT TU LT TAPUTITTIUATL TUTTCUUTT UT A (T TaloTU U U1C Y

X, where e is the base of the natural logarithms).

If x is NaN, the result is NaN.
If x is +0, the result is 1.

If x is -0, the result is 1.

If X is +oo, the result is +oo.

If X is —oo, the result is +0.

15.8.2.9 floor (x)

Returns the greatest (closest to +00) Number value that is not greater.than x and is equal to a mathe

integer. If x is already an integer, the result is x.

If x is NaN, the result is NaN.

If x is +0, the result is +0.

If x is -0, the result is 0.

If X is +oo, the result is +oo.

If X is —oo, the result is —oo.

If x is greater than 0 but less than 1, the result is +0.

NOTE The value of Math.floor(x) is the same as the value of -Math.cei l (-x).

15.8.2.10 log (x)

Returns an implementation-dependent approximation to the natural logarithm of x.
If x is NaN, the resultis NaN.

If x is less than(0, the result is NaN.

If x is +0 or=0, the result is —co.

If x is 1, theyresult is +0.

If X is@eg, the result is +oo.

15.8.2.11_max ( [ value1 [, value2 [, ...11]1)

Given._zero or more arguments, calls ToNumber on each of the arguments and returns the largest

restlting values.

pwer of

Mmatical

of the

[T no arguments are given, the result IS —o.
e Ifany value is NaN, the result is NaN.

e The comparison of values to determine the largest value is done as in 11.8.5 except that +0 is considered to

be larger than —0.

The Iength property of the max method is 2.
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15.8.2.12 min ([ value1 [, value2[, ...111)

Given zero or more arguments, calls ToNumber on each of the arguments and returns the smallest of the
resulting values.

If no arguments are given, the result is +oo.

If any value is NaN, the result is NaN.

The comparison of values to determine the smallest value is done as in 11.8.5 except that +0 is considered
to be larger than —0.

The 1€

15.8.2.

Return

ngth property of the min method is 2.

13 pow (X, y)

5 an implementation-dependent approximation to the result of raising x to the power y.

If y is NaN, the result is NaN.

Ify is +0, the result is 1, even if x is NaN.

Ify is -0, the result is 1, even if x is NaN.

If x is NaN and y is nonzero, the result is NaN.

If abs(x)>1 and y is +oo, the result is +oo.

If abs(x)>1 and y is —oo, the result is +0.

If abs(x)==1 and y is +o, the result is NaN.

If abs(x)==1 and y is —oo, the result is NaN.

If abs(x)<1 and y is +o, the result is +0.

If abs(x)<1 and y is —oo, the result is +oo.

If X is +o0 and y>0, the result is +oo.

If X is +o0 and y<O0, the result is +0.

If x is —oo and y>0 and y is an odd integer, the result is —o.

If x is —0 and y>0 and y is not an odd integer, the result is +oo.
If x is —e0 and y<0 and y is an odd integer, the‘result is 0.

If X is —e0 and y<0 and y is not an odd integer, the result is +0.
If x is +0 and y>0, the result is +0.

If x is +0 and y<O0, the result is +0.

If x is —0 and y>0 and y is an.0dd integer, the result is —0.

If x is —0 and y>0 and y is(ot an odd integer, the result is +0.
If x is —0 and y<0 and y'is an odd integer, the result is —co.

If x is —0 and y<0 arld y is not an odd integer, the result is +co.
If x<0 and x is finite)and y is finite and y is not an integer, the result is NaN.

15.8.2.14 random (9

Return
pseudd
algorith

5 a Number/v alue with positive sign, greater than or equal to 0 but less than 1, chosen randomly or
randomly with approximately uniform distribution over that range, using an implementation-dependent
m_or.strategy. This function takes no arguments.

15.8.2.15 round (x)

Returns the Number value that is closest to x and is equal to a mathematical integer. If two integer Number
values are equally close to x, then the result is the Number value that is closer to +«. If x is already an integer,
the result is x.

164
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If x is NaN, the result is NaN.
If x is +0, the result is +0.

If x is =0, the result is -0.

If X is +o0, the result is +oo.
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e If xis —oo, the result is —oo.
e If xis greater than 0 but less than 0.5, the result is +0.
e If xis less than 0 but greater than or equal to -0.5, the result is —0.

NOTE 1 Math.round(3.5) returns 4, but Math.round(-3.5) returns -3.
NOTE 2  The value of Math.round(x) is the same as the value of Math.floor(x+0.5), except when x is -0 or is

less than 0 but greater than or equal to -0.5; for these cases Math.round(x) returns -0, but Math.floor(x+0.5)
returns +0.

15.8.2.16 sin (x)
Returns an implementation-dependent approximation to the sine of x. The argument is expressed in radians.

If x is NaN, the result is NaN.

If x is +0, the result is +0.

If x is =0, the result is —0.

If X is +o0 Or —oo, the result is NaN.

15.8.2.17 sqrt (x)
Returns an implementation-dependent approximation to the square.root of x.

If x is NaN, the result is NaN.

If x is less than 0, the result is NaN.
If x is +0, the result is +0.

If x is -0, the result is 0.

If X is +o0, the result is +oo.

15.8.2.18 tan (x)

Returns an imp lementation-dependent-approximation to the tangent of x. The argument is e xpregsed in
radians.

If x is NaN, the resultis NaN.

If X is +0, the resultis +0.

If x is -0, the-result is —0.

If X is +o0ar—00, the result is NaN.

15.9 Date Objects

15.9.1 Overview of Date Objects and Definitions of Abstract Operators

The.following functions are abstract operations that operate on time values (defined in 15.9.1.1). Note [that, in
every case, if any argument to one of these functions is NaN, the result will be NaN.

15.9.1.1 Time Values and Time Range

A Date object contains a Number indicating a particular instant in time to within a millisecond. Such a Number
is called a time value. A time value may also be NaN, indicating that the Date object does not represent a
specific instant of time.

Time is measured in ECMAScript in milliseconds since 01 January, 1970 UTC. In time values leap seconds

are ignored. It is assumed that there are exactly 86,400,000 milliseconds per day. ECMAScript Number values
can represent all inte gers from —-9,007,199,254,740,992 to 9,007,199,254,740,992; this range suffices to
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measure times to millisecond precision for any instant that is within approximately 285,616 years, either
forward or backward, from 01 January, 1970 UTC.

The actual range of times supported by E CMAScript Date objects is slightly smaller: exactly —100,000,000
days to 100,000,000 days measured relative to midnight at the beginning of 01 January, 1970 UTC. This gives
a range of 8,640,000,000,000,000 milliseconds to either side of 01 January, 1970 UTC.

The exact moment of midnight at the beginning of 01 January, 1970 UTC is represented by the value +0.

15.9.1.2 Day Number and Time within Day

A given time value t belongs to day number

Day(t) = floor(t / msPerDay)

where the number of milliseconds per day is
msPerDay = 86400000

The remainder is called the time within the day:
TimeWithinDay(t) = t modulo msPerDay

15.9.1.8 Year Number

ECMAScript uses an extrapolated Gregorian system to map a day number to a year number and to determine
the month and date within that year. In this system, leap years are précisely those which are (divisible by 4)
and ((not divisible by 100) or (divisible by 400)). The number of days, inyear number y is therefore defined by

DaysinYear(y) =365 if (y modulo4) =0
=366 if (y modulo 4) = 0 and*(y»modulo 100) = 0
=365 if (y modulo 100) =-0tand (y modulo 400) = 0
=366 if (y modulo 400)=-0

All nontleap years have 365 days with the usual number of days per month and leap years have an extra day
in February. The day number of the first day of year y is given by:

DayFromYear(y) =365 x (y<1970) + floor((y—1969)/4) — floor((y—1901)/100) + floor((y—1601)/400)
The timpe value of the start of a year is;

TimeFromYear(y) =msPerDay x DayFromYear(y)

A time value determines a year by:

YearFromTime(t) = the largest integer y (closest to positive infinity) such that TimeFromYear(y) <t
The legp-year function s 1 for a time within a leap year and otherwise is zero:

InL'eapYear(t) =0 if DaysInYear(YearFromTime(t)) = 365
=1 if DaysInYear(YearFromTime(t)) = 366

15.9.1 |4 Month Number

Months are identified by an integer in the range 0 to 11, inclusive. The mapping MonthFromTime(t) from a time
value t to a month number is defined by:

MonthFromTime(t) =0 if 0 < DayWithinYear(t) < 31
=1 if 31 < DayWithinYear (t) < 59+InLeapYear(t)
=2 if  59+InLeapYear(t) < DayWithinYear (t) < 90+InLeapYear(t)
=3 if  90+InLeapYear(t) < DayWithinYear (t) < 120+InLeapYear(t)
=4 if  120+InLeapYear(t) < DayWithinYear (t) < 151+InLeapYear(t)
=5 if  151+InLeapYear(t) < DayWithinYear (t) < 181+InLeapYear(t)
=6 if  181+InLeapYear(t) < DayWithinYear (t) <212+InLeapYear(t)
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=7 if  212+InLeapYear(t) < DayWithinYear (t) < 243+InLeapYear(t)
=8 if  243+InLeapYear(t) < DayWithinYear (t) < 273+InLeapYear(t)
=9 if  273+InLeapYear(t) < DayWithinYear (t) < 304+InLeapYear(t)
=10 if 304+InLeapYear(t) < DayWithinYear (t) < 334+InLeapYear(t)
=11 if 334+InLeapYear(t) < DayWithinYear (t) < 365+InLeapYear(t)

where
DayWithinYear(t) = Day(t)-DayFromYear(YearFromTime(t))

A month value of 0 specifies January; 1 specifies February; 2 specifies March; 3 specifies April; 4 s

ecifies

May; 5 specifies June; 6 specifies July; 7 specifies August; 8 specifies September; 9 specifies Ogto
specifies November; and 11 specifies December. Note that MonthFromTime(0) = 0, corresponding to\Th
01 January, 1970.

15.9.1.5 Date Number

A date number is identified by an integer in the range 1 through 31, inclusive. Thermapping DateFrom|
from a time value t to a month number is defined by:

DateFromTime(t) = DayWithinYear(t)+1 if MonthFromTime(t)=0
= DayWithinYear(t)-30 if MonthFromTime(t)=1
= DayWithinYear(t)-58—InLeapYear(t) if MonthFromTime(t)=2
= DayWithinYear(t)-89—InLeap Year(t) if MonthFromTime(t)=3
= DayWithinYear(t)-119—-InL€apY ear(t) if MonthFromTime(t)=4
= DayWithinYear(t)-150—InLeapYear(t) if MonthFromTime(t)=5
= DayWithinYear(t)-180-InLeapYear(t) if MonthFromTime(t)=6
= DayWithinYear(t)-211>InLeapYear(t) if MonthFromTime(t)=7
= DayWithinYear(t)—242—InLeapYear(t) if MonthFromTime(t)=8
= DayWithinYear(t)-272—InLeapYear(t) if MonthFromTime(t)=9
= DayWithin¥ear(t)-303—InLeapYear(t) if MonthFromTime(t)=1(
= DayWithinYear(t)-333—InLeapYear(t) if MonthFromTime(t)=11

15.9.1.6 Week Day

The weekday for a particular time value t is defined as
WeekDay(t) ="(Day(t) + 4) modulo 7

A weekday value of 0 specifies Sunday; 1 specifies Monday; 2 specifies Tuesday; 3 specifies Wedr
4 specifies Thursday; 5 specifies Friday; and 6 specifies Saturday. Note that WeekDay/(0) = 4, correspory
Thursday, 01 January,1970.

15.9.1.7 Local Time Zone Adjustment

An implementation of ECMAScript is expected to determine the local time zone adjustment. The lod
zone adjustment is a value LocalTZA measured in milliseconds which when added to UTC represe

ber; 10
irsday,

Time(t)

esday;
ding to

al time
his the

local'standard time. Daylight saving time is not reflected by LocalTZA. The value LocalTZA does not vary with

time\but depends only on the geographic location.

15.9.1.8 Daylight Saving Time Adjustment

An implementation of ECMAScript is expected to determine the daylight saving time algorithm. The algorithm
to determine the daylight saving time adjustment DaylightSavingTA(t), measured in milliseconds, must depend

only on four things:

(1) the time since the beginning of the year
t — TimeFromYear(YearFromTime(t))

(2) whether tis in a leap year
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(3) the

InLeapYear(t)
week day of the beginning of the year
WeekDay(TimeFromYear(YearFromTime(t)))

and (4) the geographic location.

The im
saving

plementation of ECMAScript should not try to determine whether the exact time was subject to daylight
time, but just whether daylight saving time would have been in effect if the current daylight saving time

algorithm_had been used at the time This avoids complications such as taking into account the years that the

locale

If the
ECMA

bbserved daylight saving time year round.

nost environment provides functionality for determining daylight saving time, the implementation of
Bcript is free to map the year in question to an equivalent year (same leap-year-ness and same starting

week day for the year) for which the host environment provides daylight saving time informatied)The only

restrict

15.9.1.

Conve

on is that all equivalent years should produce the same result.

D Local Time

sion from UTC to local time is defined by
LocalTime(t) =t + LocalTZA + DaylightSaving TA(t)

Convefsion from local time to UTC is defined by

UTC(t) =t — Local TZA - DaylightSavingTA(t — Local TZA)

Note thHat UTC(LocalTime(t)) is not necessarily always equal to t.

15.9.1.

The fol

M0 Hours, Minutes, Second, and Milliseconds

owing functions are useful in decomposing time values:
HourFromTime(t) = floor(t / msPerHour) modulo HoursPerDay
MinFromTime(t) = floor(t / msPefNtinute) modulo MinutesPerHour
SecFromTime(t) = floor(t / msPerSecond) modulo SecondsPerMinute

msFromTime(t) =t modulo msPerSecond

where

HoursPerDay =24

MinutesPerdour = 60

SecondsPerMinute= 60

msRerSecond =1000

msPerMinute =60000 = msPerSecond x SecondsPerMinute

msPerHour = 3600000 = msPerMinute x MinutesPerHour
15.9.1. ; i, Sec; ms)

The operator MakeTime calculates a nu mber of milliseconds from its f our arguments, which must be
ECMAScript Number values. This operator functions as follows:

agrwnE

168

If hour is not finite or min is not finite or sec is not finite or ms is not finite, return NaN.
Let h be Tolnteger(hour).

Let m be Tolnteger(min).

Let s be Tolnteger(sec).

Let milli be Tolnteger(ms).

© ISO/IEC 2011 — Al rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

ISO/IEC 16262:2011(E)

6. Lettbeh* msPerHour + m * msPerMinute + s * msPerSecond + milli, performing the arithmetic according

to IEEE 754 rules (that is, as if using the ECMAScript operators * and +).
7. Returnt.

15.9.1.12 MakeDay (year, month, date)

The operator MakeDay calculates a number of days from its three arguments, which must be ECMAScript

Number values. This operator functions as follows:

If year is not finite or month is not finite or date is not finite, return NaN.
Let y be Tolnteger(year).

Let m be Tolnteger(month).

Let dt be Tolnteger(date).

Let ym be y + floor(m /12).

Let mn be m modulo 12.

NooapwdbE

but if this is not possible (because some argument is out of range), return NaN,
8. Return Day(t) + dt — 1.

15.9.1.13 MakeDate (day, time)

The operator Make Date calculates a n umber of milliseconds _from its two arguments, which m
ECMAScript Number values. This operator functions as follows:

1. If day is not finite or time is not finite, return NaN.
2. Return day x msPerDay + time.

15.9.1.14 TimeClip (time)

Find a value t such that YearFromTime(t) == ym and MonthFromTime(t) == mn and DateFromTime() == 1;

ust be

The operator TimeClip calculates a number of milliseconds from its argument, which must be an ECMAScript

Number value. This operator functions as follows:

1. If time is not finite, return NaN.

2. If abs(time) > 8.64 x 10%°, return*‘NaN.

3. Return an implementation-dépendent choice of either Tolnteger(time) or Tolnteger(time) + (+0). (Add
positive zero converts —0-tg+0.)

NOTE The point of step,3is that an implementation is permitted a choice of internal representations of time

for example as a 64-bit-signed integer or as a 64-bit floating-point value. Depending on the implementation, this
representation may or'may not distinguish —0 and +0.

15.9.1.15 Daté Time String Format

ECMASCcript defines a string interchange format for date-times based upon a simplification of the IS
Extended Format. The format is as follows: YYYY-MM-DDTHH:mm:sSs.sSSSZ

ing a

values,
internal

D 8601

\Where the fields are as follows:

YYYY is the decimal digits of the year 0000 to 9999 in the Gregorian calendar.

- “~” (hyphen) appears literally twice in the string.

MM is the month of the year from 01 (January) to 12 (December).

DD is the day of the month from 01 to 31.

T “T” appears literally in the string, to indicate the beginning of the time element.

HH is the number of complete hours that have passed since midnight as two decimal digits from

00 to 24.

=" (colon) appears literally twice in the string.

© ISO/IEC 2011 — Al rights reserved
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mm

SS

is the number of complete minutes since the start of the hour as two decimal digits from 00 to
59.

is the number of complete seconds since the start of the minute as two decimal digits from 00
to 59.

“« n

.” (dot) appears literally in the string.

sss is the number of complete milliseconds since the start of the second as three decimal digits.

This fo
YYYY

YYYY-
YYYY-

It also
of the f

THH:@m

THH:@m
THH:mE:ss

is the time zone offset specified as “Z” (for UTC) or either “+” or “-” followed by a time
expression HH:zmm

rmat includes date-only forms:

MM
MM-DD

ncludes “date-time” forms that consist of one of the above date-only forms immediately followed by one
bllowing time forms with an optional time zone offset appended:

2SS.SSS

All nunmpbers must be base 10. If the MM or DD fields are absent “01” is used as the value. If the HH, mm, or ss

fields &
absent

lllegal
valid in

NOTE 1
distingu
exactly

NOTE 4
sometin|

re absent “00” is used as the value and the value of an absent sss field is “000”. The value of an
time zone offset is “Z”.

alues (out-of-bounds as well as syntax errors) in a format string means that the format string is not a
stance of this format.

As every day both starts and ends with midnight, the two notations 00:00 and 24:00 are available to
sh the two midnights that can be associated withone date. This means that the following two notations refer to
he same point in time: 1995-02-04T24:00 and'1995-02-05T00:00

There exists no international standafd that specifies abbreviations for civil time zones like CET, EST, etc. and
es the same abbreviation is even usedfor two very different time zones. For this reason, ISO 8601 and this

format gpecifies numeric representations of date and time.

15.9.1.

ECMA

15.1 Extended years

Bcript requires the ability to specify 6 digit years (extended years); approximately 285,426 years, either

forwarq or backward, from/01 January, 1970 UTC. To represent years before 0 or after 9999, ISO 8601
permitg the expansion of'the year representation, but only by prior agreement between the sender and the
receivdr. In the simplified ECMAScript format such an expanded year representation shall have 2 extra year
digits gnd is always ‘prefixed with a + or — sign. The year 0 is considered positive and hence prefixed with a +

sign.

NOTE

Examples of extended years:

-283457-03-21T15:00:59.008Z 283458 B.C.
-000001-01-01T00:00:00Z2 2B.C.
+000000-01-01T00:00:00Z2 1B.C.
+000001-01-01T00:00:00Z2 1A.D.
+001970-01-01T00:00:00Z2 1970 A.D.
+002009-12-15T00:00:00Z2 2009 A.D.
+287396-10-12T08:59:00.992Z 287396 A.D.
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15.9.2 The Date Constructor Called as a Function

When Date is called as a function rather than as a constructor, it returns a String representing the current
time (UTC).

NOTE The function call Date(...) is not equivalent to the object creation expression new Date(..) with the same
arguments.

built-in  constructor with that name and toString is the standard _(built-in ethod
Date.prototype.toString.

15.9.3 The Date Constructor

~

When Date is called as part of a new expression, it is a constructor: it initialises'the newly created obje¢

15.9.3.1 new Date (year, month [, date [, hours [, minutes [, seconds [, ms1]1]111)

When Date is called with two to seven arguments, it computes<the date from year, month, and (opfjonally)
date, hours, minutes, seconds and ms.

The [[Prototype]] internal property of the newly constructed\object is set to the original Date prototype|object,
the one that is the initial value of Date .prototype (15.94.1).

The [[Class]] internal property of the newly constructed object is set to "'Date"".
The [[Extensible]] internal property of the newly constructed object is set to true.
The [[PrimitiveValue]] internal property.6fithe newly constructed object is set as follows:

1. Letybe ToNumber(year).

2. Let m be ToNumber(monthy:

3. If date is supplied then let dt be ToNumber(date); else let dt be 1.

4. If hours is supplied then_let h be ToNumber(hours); else let h be 0.

5. If minutes is supplied)then let min be ToNumber(minutes); else let min be 0.

6. If seconds is supplied then let s be ToNumber(seconds); else let s be 0.

7. 1f ms is supplied)then let milli be ToNumber(ms); else let milli be 0.

8. Ifyisnot.NaN and 0 < Tolnteger(y) < 99, then let yr be 1900+ Tolnteger(y); otherwise, let yr be y.
9. LetfinalDate be MakeDate(MakeDay(yr, m, dt), MakeTime(h, min, s, milli)).

10. Set the{[PrimitiveValue]] internal property of the newly constructed object to TimeClip(UTC(finalDate)).

15.9.3'2 new Date (value)

Tha lPRratatvunall intarnal neanarty of tha nowdvy caonctriictad r\lf\ nn+ c- on+ +r\ +hn r\rn nnl I'\nh\ r\rr\+r\|' mnao. ObeCt
Fhe-{[RretotypellHnrternal-property-of-the-nrewl j

] vvvvvvvvvvvv T Pr oty pPT

the one that is the initial value of Date .prototype (15.9.4. 1)

The [[Class]] internal property of the newly constructed object is set to ""Date"".

The [[Extensible]] internal property of the newly constructed object is set to true.

The [[PrimitiveValue]] internal property of the newly constructed object is set as follows:

1. Letvbe ToPrimitive(value).
2. If Type(v) is String, then
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a. Parse v as a date, in exactly the same manner as for the parse method (15.9.4.2); let V be the time
value for this date.
3. Else, let V be ToNumber(v).
4. Set the [[PrimitiveValue]] internal property of the newly constructed object to TimeClip(V) and return.

15.9.3.3 new Date ()

The [[Prototype]] internal property of the newly constructed object is set to the original Date prototype object,
the one_that is the initial value of Date prototype (1594 1)

The [[{lass]] internal property of the newly constructed object is set to ""Date"".
The [[Bxtensible]] internal property of the newly constructed object is set to true.

The [[PrimitiveValue]] internal property of the newly constructed object is s et to the timev'alue (UTC)
identifying the current time.

15.9.4 | Properties of the Date Constructor
The value of the [[Prototype]] internal property of the Date constructor is the Function prototype object (15.3.4),

Besidef the internal properties and the length property (whose value.is(7), the Date constructor has the
following properties:

15.9.4/1 Date.prototype
The inifial value of Date . prototype is the built-in Date pratotype object (15.9.5).

This prpperty has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

15.9.4.2 Date.parse (string)

The pgrse function applies the ToString operator to its argument and interprets the resulting String as a date
and tirle; it returns a Number, the UTE, time value corresponding to the date and time. The String may be
interpreted as a local time, a UTC time, or a time in some other time zone, depending on the contents of the
String. [The function first attemptsto-parse the format of the String according to the rules called out in Date
Time String Format (15.9.1.15)=If the String does not conform to that format the function may fall back to any
implemnentation-specific heuristies or implementation-specific date formats. Unrecognisable Strings or dates
contairling illegal elementvalues in the format String shall cause Date . parse to return NaN.

If x is gny Date obje€t*whose milliseconds amount is zero within a particular implementation of ECMAScript,
then al| of the following expressions should produce the same numeric value in that implementation, if all the
properiies referenced have their initial values:

x.vahueOofr()

Date'.parse(x.toString())

Date.parse(x.toUTCString())

Date.parse(x.tolS0String())
However, the expression
Date.parse(x.toLocaleString())

is not required to produce the same Number value as the preceding three expressions and, in g eneral, the
value produced by Date.parse is implementation-dependent when given any String value that does not
conform to the Date Time String Format (15.9.1.15) and that could not be produced in that implementation by
the toString or toUTCString method.
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15.9.4.3 Date.UTC (year, month [, date [, hours [, minutes [, seconds [, ms ]1]1]111)

When the UTC function is called with fewer than two arguments, the behaviour is implementation-dependent.
When the UTC function is called with two to seven arguments, it computes the date from year, month and
(optionally) date, hours, minutes, seconds and ms. The following steps are taken:

Let y be ToNumber(year).
Let m be ToNumber(month).
If date is supplied then let dt be ToNumber(date); else let dt be 1.

IT hours 1s supplied then let h be ToNumber(hours); else let h be 0.

If minutes is supplied then let min be ToNumber(minutes); else let min be 0.

If seconds is supplied then let s be ToNumber(seconds); else let s be 0.

If ms is supplied then let milli be ToNumber(ms); else let milli be 0.

If y is not NaN and 0 < Tolnteger(y) < 99, then let yr be 1900+ Tolnteger(y); otherwise, letyrbe y.
Return TimeClip(MakeDate(MakeDay(yr, m, dt), MakeTime(h, min, s, milli))).

OO NN

The Iength property of the UTC function is 7.

NOTE The UTC function differs from the Date constructor in two ways: it returps,a time value as a Numbef, rather
than creating a Date object, and it interprets the arguments in UTC rather than as lgcal-time.

15.9.4.4 Date.now ()

The now function return a Number value that is the time valGe designating the UTC date and timg of the
occurrence of the call to now.

15.9.5 Properties of the Date Prototype Object
The Date prototype object is itself a Date object.(its [[Class]] is "'Date'") whose [[PrimitiveValue]] is NaNl.

The value of the [[Prototype]] internal property of the Date prototype object is the standard built-in| Object
prototype object (15.2.4).

In following descriptions of functions_that are properties of the Date prototype object, the phrase “th|s Date
object” refers to the object that, is-the this value for the invocation of the function. Unless explicitly noted
otherwise, none of these functions are generic; a TypeError exception is thrown if the this value is|not an
object for which the value of\the [[Class]] internal property is ""Date". Also, the phrase “this time value| refers
to the Number value for, the time represented by this Date object, that is, the value of the [[PrimitivelValue]]
internal property of this\Date object.

15.9.5.1 Date'prototype.constructor

The initial'value of Date . prototype.constructor is the built-in Date constructor.

15/9.5.2 Date.prototype.toString ()

This function returns a String value. The contents of th e String are implementation-dependent, but are
intended to represent the Date in the current time zone in a convenient, human-readable form.

NOTE For any Date value d whose milliseconds amount is zero, the result of Date.parse(d.toString()) is
equal to d.valueOf(). See 15.9.4.2.
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15.9.5.3 Date.prototype.toDateString ()

This function returns a String value. The contents of the String are implementation-dependent, but are
intended to represent the “date” portion of the Date in the current time zone in a convenient, human-readable

form.

15.9.5.4 Date.prototype.toTimeString ()

This fi

nction returns a Qtring value The contents of the Qtring are implpmpn‘rnﬁnn-dpppndnnf but are

intendq
form.

15.9.5.

This fU
intendq
corresy

NOTE
that imp

d to represent the “time” portion of the Date in the current time zone in a convenient, human-readable

5 Date.prototype.toLocaleString ()

nction returns a String value. The contents of the String are implementation-dependent, but are
d to represent the Date in the current time zone in a convenient, human-réadable form that
onds to the conventions of the host environment’s current locale.

The first parameter to this function is likely to be used in a future version of this standard; it is recommended
lementations do not use this parameter position for anything else.

15.9.5.6 Date.prototype.toLocaleDateString ()

This f
intendq
form th

NOTE
that img

15.9.5.
This fy
intendq
form th

NOTE
that imp

15.9.5.

The va

15.9.5.

1. Re

nction returns a String value. The contents of the String<are implementation-dependent, but are
d to represent the “date” portion of the Date in the currentdime zone in a convenient, human-readable
At corresponds to the conventions of the host environment's current locale.

The first parameter to this function is likely to be used\in a future version of this standard; it is recommended
lementations do not use this parameter position for anything else.

7 Date.prototype.toLocaleTimeString ()

nction returns a String value. The~centents of the String are implementation-dependent, but are
d to represent the “time” portion of the Date in the current time zone in a convenient, human-readable
At corresponds to the conventions.of the host environment’s current locale.

The first parameter to thi§ function is likely to be used in a future version of this standard; it is recommended
lementations do not use this\parameter position for anything else.

B Date.prototype:valueOf ()

1ueOT function returns a Number, which is this time value.

D Date.prototype.getTime ()

urn/this time value.

15.9.5.

10 Date.prototype.getFullYear ()

1. Lett be this time value.

2. Ift

is NaN, return NaN.

3. Return YearFromTime(Local Time(t)).
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15.9.5.11 Date.prototype.getUTCFullYear ()

1. Lett be this time value.
2. Iftis NaN, return NaN.
3. Return YearFromTime(t).

15.9.5.12 Date.prototype.getMonth ()

1. lettbe thistime value

2. Iftis NaN, return NaN.
3. Return MonthFromTime(Local Time(t)).

15.9.5.13 Date.prototype.getUTCMonth ()
1. Lett be this time value.

2. Iftis NaN, return NaN.
3. Return MonthFromTime(t).

15.9.5.14 Date.prototype.getDate ()
1. Lett be this time value.

2. Iftis NaN, return NaN.
3. Return DateFromTime(LocalTime(t)).

15.9.5.15 Date.prototype.getUTCDate ()
1. Lett be this time value.

2. Iftis NaN, return NaN.
3. Return DateFromTime(t).

15.9.5.16 Date.prototype.getDay ()
1. Lett be this time value.

2. Iftis NaN, return NaN.
3. Return WeekDay(Local Time(t)).

15.9.5.17 Date.prototype.getUTCDay ()
1. Lett be this timewalue.

2. Iftis NaN,qeturn NaN.
3. Return WeekDay(t).

15.9.5:48. Date.prototype.getHours ()

et t be this time value.

X
2 —H s NaN—returr-NaN-
3. Return HourFromTime(LocalTime(t)).

15.9.5.19 Date.prototype.getUTCHours ()
1. Lett be this time value.

2. Iftis NaN, return NaN.
3. Return HourFromTime(t).

© ISO/IEC 2011 — Al rights reserved
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15.9.5.20 Date.prototype.getMinutes ()

1. Lett be this time value.
2. Iftis NaN, return NaN.
3. Return MinFromTime(Local Time(t)).

15.9.5.21 Date.prototype.getUTCMinutes ()

1. Lettbe this time value
2. If gis NaN, return NaN.
3. Refurn MinFromTime(t).

15.9.5.22 Date.prototype.getSeconds ()
1. Lett be this time value.

2. If§is NaN, return NaN.
3. Refurn SecFromTime(LocalTime(t)).

15.9.5.p3 Date.prototype.getUTCSeconds ()
1. Lett be this time value.

2. If is NaN, return NaN.
3. Refurn SecFromTime(t).

15.9.5.p4 Date.prototype.getMilliseconds ()
1. Lett be this time value.

2. If tis NaN, return NaN.
3. Refurn msFromTime(LocalTime(t)).

15.9.5.p5 Date.prototype.getUTCMilliseconds ()
1. Left be this time value.

2. If §is NaN, return NaN.
3. Refurn msFromTime(t).

15.9.5.26 Date.prototype.getTimezoneOffset ()
Returng the difference betweén local time and UTC time in minutes.
1. Left be this time<alue.

2. If gis NaN, return-NaN.
3. Refurn (t = bocalTime(t)) / msPerMinute.

15.9.5.p7 Date.prototype.setTime (time)

1. Letvbe TimeClip(ToNumber(time)).
2. Set the [[PrimitiveValue]] internal property of this Date object to v.
3. Returnv.

15.9.5.28 Date.prototype.setMilliseconds (ms)

1. Lett be the result of LocalTime(this time value).

2. Let time be MakeTime(HourFromTime(t), MinFromTime(t), SecFromTime(t), ToONumber(ms)).
3. Letu be TimeClip(UTC(MakeDate(Day(t), time))).

4. Set the [[PrimitiveValue]] internal property of this Date object to u.
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5. Return u.

15.9.5.29 Date.prototype.setUTCMilliseconds (ms)

Let t be this time value.

Let time be MakeTime(HourFromTime(t), MinFromTime(t), SecFromTime(t), ToNumber(ms)).
Let v be TimeClip(MakeDate(Day(t), time)).

Set the [[PrimitiveValue]] internal property of this Date object to v.

Return v.

SR

15.9.5.30 Date.prototype.setSeconds (sec [, ms])
If ms is not specified, this behaves as if ms were specified with the value getMi l liseconds().

Let t be the result of LocalTime(this time value).

Let s be ToNumber(sec).

If ms is not specified, then let milli be msFromTime(t); otherwise, let milli be ToNumber(ms).
Let date be MakeDate(Day(t), MakeTime(HourFromTime(t), MinFromTime(t)»s, milli)).

Let u be TimeClip(UTC(date)).

Set the [[PrimitiveValue]] internal property of this Date object to u.

Return u.

NoakwhE

The length property of the setSeconds method is 2.

15.9.5.31 Date.prototype.setUTCSeconds (sec [, ms ])
If ms is not specified, this behaves as if ms were specified with the value getUTCMi Il iseconds().

Let t be this time value.

Let s be ToNumber(sec).

If ms is not specified, then let milli be msEromTime(t); otherwise, let milli be ToNumber(ms).
Let date be MakeDate(Day(t), MakeTime(HourFromTime(t), MinFromTime(t), s, milli)).

Let v be TimeClip(date).

Set the [[PrimitiveValue]] internalproperty of this Date object to v.

Return v.

NoopwhE

The Iength property of the setUTCSeconds method is 2.

15.9.5.32 Date.prototype.setMinutes (min [, sec[,ms]])
If sec is not specified, this behaves as if sec were specified with the value getSeconds().
If ms is not specified, this behaves as if ms were specified with the value getMilliseconds().

Lett be the result of LocalTime(this time value).
Let m be ToNumber(min).

I oTUL 1o TIUL OpC\:IIICU, ICTTTCU o VU OUULT TUTNITTIITIC(L), ULHNTTVWIOT, TUL o UL T UINUTTTUTT(OTL J.

If ms is not specified, then let milli be msFromTime(t); otherwise, let milli be ToNumber(ms).
Let date be MakeDate(Day(t), MakeTime(HourFromTime(t), m, s, milli)).

Let u be TimeClip(UTC(date)).

Set the [[PrimitiveValue]] internal property of this Date object to u.

Return u.

N PNE

The Iength property of the setMinutes method is 3.
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15.9.5.33 Date.prototype.setUTCMinutes (min [, sec[, ms]])
If sec is not specified, this behaves as if sec were specified with the value getUTCSeconds().

If ms is not specified, this function behaves as if ms were specified with the value return by
getUTCMilliseconds().

Let t be this time value.
Let m be ToNumber(min).

If dec 1s not specified, then let s be SecFromTime(t); otherwise, let s be ToNumber(sec).

If ms is not specified, then let milli be msFromTime(t); otherwise, let milli be ToNumber(ms).
Le{ date be MakeDate(Day(t), MakeTime(HourFromTime(t), m, s, milli)).

Le{v be TimeClip(date).

Sef the [[PrimitiveValue]] internal property of this Date object to v.

Return v.

N~k wNE

The 1gngth property of the setUTCMinutes method is 3.

15.9.5.34 Date.prototype.setHours (hour [, min [, sec[,ms]]1])

If min ig not specified, this behaves as if min were specified with the value getMinutes().

If sec is| not specified, this behaves as if sec were specified with the value getSeconds().

If ms is|not specified, this behaves as if ms were specified with the value getMilliseconds().

Lef t be the result of LocalTime(this time value).

Let h be ToNumber(hour).

If min is not specified, then let m be MinFromTime(t); otherwise, let m be ToNumber(min).

If IIf sec is not specified, then let s be SecFromTime(t);-0therwise, let s be ToNumber(sec).

If ms is not specified, then let milli be msFromTime(t); otherwise, let milli be ToNumber(ms).
Le{ date be MakeDate(Day(t), MakeTime(h, m, symilli)).

Lef u be TimeClip(UTC(date)).

Sef the [[PrimitiveValue]] internal property~of this Date object to u.

Return u.

CoNoOR~WNE

The 1gngth property of the setHours'method is 4.

15.9.5.85 Date.prototype.setUTCHours (hour [, min [, sec[,ms]]])
If min ig not specified, this behaves as if min were specified with the value getUTCMinutes().
If sec is| not specified;this behaves as if sec were specified with the value getUTCSeconds().

If ms is|not specified, this behaves as if ms were specified with the value getUTCMi I liseconds().

Le{ t e this time value.

Let h be ToNumber(hour).

If min is not specified, then let m be MinFromTime(t); otherwise, let m be ToNumber(min).

If sec is not specified, then let s be SecFromTime(t); otherwise, let s be ToNumber(sec).

If ms is not specified, then let milli be msFromTime(t); otherwise, let milli be ToNumber(ms).
Let newDate be MakeDate(Day(t), MakeTime(h, m, s, milli)).

Let v be TimeClip(newDate).

Set the [[PrimitiveValue]] internal property of this Date object to v.

Return v.

CoOoNAR~LNE

The Iength property of the setUTCHours method is 4.
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15.9.5.36 Date.prototype.setDate (date)

Let t be the result of LocalTime(this time value).

Let dt be ToNumber(date).

Let newDate be MakeDate(MakeDay(YearFromTime(t), MonthFromTime(t), dt), TimeWithinDay(t)).
Let u be TimeClip(UTC(newDate)).

Set the [[PrimitiveValue]] internal property of this Date object to u.

Return u.

oak~whE

15.9.5.37 Date.prototype.setUTCDate (date)

Let t be this time value.

Let dt be ToNumber(date).

Let newDate be MakeDate(MakeDay(YearFromTime(t), MonthFromTime(t), dt), TimeWithinDay(t)).
Let v be TimeClip(newDate).

Set the [[PrimitiveValue]] internal property of this Date object to v.

Return v.

ok~ whE

15.9.5.38 Date.prototype.setMonth (month [, date ] )
If date is not specified, this behaves as if date were specified with the value getDate().

Let t be the result of LocalTime(this time value).

Let m be ToNumber(month).

If date is not specified, then let dt be DateFromTime(t); otherwise, let dt be ToNumber(date).
Let newDate be MakeDate(MakeDay(YearFromTime(t), 'm; dt), TimeWithinDay(t)).

Let u be TimeClip(UTC(newDate)).

Set the [[PrimitiveValue]] internal property of this'Date object to u.

Return u.

NoohkwhE

The length property of the setMonth methodis 2.

15.9.5.39 Date.prototype.setUTCMonth (month [, date ])
If date is not specified, this behaves-as if date were specified with the value getUTCDate().

Let t be this time value:

Let m be ToNumber(mornth).

If date is not specified, then let dt be DateFromTime(t); otherwise, let dt be ToNumber(date).
Let newDate he MakeDate(MakeDay(YearFromTime(t), m, dt), TimeWithinDay(t)).

Let v be TimeChlip(newDate).

Set the [[PrimitiveValue]] internal property of this Date object to v.

Return Vi

NookwhE

The Length property of the setUTCMonth method is 2.

[15:9 5 40 Date prototype setFullYear (year [ month [ date ]])

If month is not specified, this behaves as if month were specified with the value getMonth().
If date is not specified, this behaves as if date were specified with the value getDate().

Let t be the result of LocalTime(this time value); but if this time value is NaN, let t be +0.

Let y be ToNumber(year).

If month is not specified, then let m be MonthFromTime(t); otherwise, let m be ToNumber(month).
If date is not specified, then let dt be DateFromTime(t); otherwise, let dt be ToNumber(date).

Let newDate be MakeDate(MakeDay(y, m, dt), TimeWithinDay(t)).

arwDE
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6. Letu be TimeClip(UTC(newDate)).
7. Set the [[PrimitiveValue]] internal property of this Date object to u.
8. Returnu.

The Iength property of the setFul I Year method is 3.

15.9.5.41 Date.prototype.setUTCFullYear (year [, month [, date ]])

If mont

is not Qpprifipd this hehaves as if month were anpr*ifipri with the value gnfl IT(‘Mnnfh()

If date i

Le

If

N~ wN R

Re

5 not specified, this behaves as if date were specified with the value getUTCDate().

t be this time value; but if this time value is NaN, let t be +0.

Letly be ToNumber(year).

honth is not specified, then let m be MonthFromTime(t); otherwise, let m be ToNumber(month).

If date is not specified, then let dt be DateFromTime(t); otherwise, let dt be ToNumber(date).
Le{ newDate be MakeDate(MakeDay(y, m, dt), TimeWithinDay(t)).

Le{ v be TimeClip(newDate).

Sef the [[PrimitiveValue]] internal property of this Date object to v.

urnv.

The Igngth property of the setUTCFul IYear method is 3.

15.9.5.42 Date.prototype.toUTCString ()

This fynction returns a String value. The contents of the String are implementation-dependent, but are
intendqd to represent the Date in a convenient, human-readable-form in UTC.

NOTE

The intent is to produce a String representation of-a“date that is more readable than the format specified in

15.9.1.15. It is not essential that the chosen format be unambiguous or easily machine parsable. If an implementation
does nqt have a preferred human-readable format it is recommended to use the format defined in 15.9.1.15 but with a

space r

hther than a “T” used to separate the date and time elements.

15.9.5.43 Date.prototype.tolSOString ()

This fu
of the

zone i
Range

15.9.5.

This fu

hction returns a String value represent the instance in time represented by this Date object. The format
Btring is the Date Time string-format defined in 15.9.1.15. All fields are present in the String. The time
5 always UTC, denoted-by-“the suffix Z. If the time value of this object is not a finite Number a
Error exception is thrown.

B4 Date.prototype.toJSON ( key )

hction proyides a String representation of a Date object for use by JSON.stringify (15.12.3).

When the toJSON method is called with argument key, the following steps are taken:

Le

Ifl

ok wnNpE

Ohotho racult of collina ToaOhinat anbvina it tho thic valiin ac t4c aramannt
Pt eSSttt o Carg—T 8o eeH g g HREe TS Yot eaSHSaFgHHeHt:

Let tv be ToPrimitive(O, hint Number).
If tv is a Number and is not finite, return null.
Let tolSO be the result of calling the [[Get]] internal method of O with argument "to1SOString".

sCallable(tolSO) is false, throw a TypeError exception.

Return the result of calling the [[Call]] internal method of tolSO with O as the this value and an empty

argument list.

NOTE 1 The argument is ignored.
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NOTE 2 The toJSON function is intentionally generic; it does not require that its this value be a Date object. Therefore,
it can be transferred to other kinds of objects for use as a method. However, it does require that any such object have a
tol1S0String method. An object is free to use the argument key to filter its stringification.

15.9.6 Properties of Date Instances

Date instances inherit properties from the Date prototype object and their [[Class]] internal property value is
""Date". Date instances also have a [[PrimitiveValue]] internal property.

The [[PrimitiveValue]] internal property is time value represented by this Date object.

15.10 RegExp (Regular Expression) Objects
A RegExp object contains a regular expression and the associated flags.

NOTE The form and functionality of regular expressions is modelled after the regular expression facility in the Perl 5
programming language.

15.10.1 Patterns

The RegExp constructor applies the following grammar to the input_pattern String. An error occur$ if the
grammar cannot interpret the String as an expansion of Pattern.

Syntax

Pattern ::
Disjunction

Disjunction ::
Alternative
Alternative | Disjunction

Alternative ::
[empty]
Alternative Term

Term ::
Assertion
Atom
Atom Quantifier

Assertion ::
N

isjunction )
isjunction )

-]
O O

Quantifier ::
QuantifierPrefix
QuantifierPrefix ?
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QuantifierPrefix ::
+
?
{ DecimalDigits }
{ DecimalDigits , }
{ DecimalDigits , DecimalDigits }

Atom ::

PatternCharacter
\ AtomEscape
CharacterClass
[ Disjunction )
[ ? - Disjunction )

PatternCharacter ::
ourceCharacter but not one of

~% N w2 )Y LT L}

AtomEscape ::
DecimalEscape
CharacterEscape
CharacterClassEscape

CharacferEscape ::
ControlEscape

C ControlLetter
HexEscapeSequence
UnicodeEscapeSequence
dentityEscape

ControlEscape :: one of
F nr tv

Controlj;etter :: one of

b ¢c de £f gh_inj kK I mnopagrs tuwvwXxy z
A\ B C D EFGHITJI KLMNUOPI QRSTUV WX Y Z
IdentityEscape ::
ourceCharacter but not-ldentifierPart
£ZWJ>
F£ZWNJ>

DecimalEscape ::
DecimalIntegerLiteral [lookahead ¢ DecimalDigit]

CharacferGlassEscape :: one of
<|1 D s S w W

CharacterClass ::
[ Nookahead ¢ {*}] ClassRanges 1]
[ ~ ClassRanges ]

ClassRanges ::
[empty]
NonemptyClassRanges

182 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=0f51dc84243a6a605a453f2e9ed6fe36

NonemptyClassRanges ::
ClassAtom
ClassAtom NonemptyClassRangesNoDash
ClassAtom - ClassAtom ClassRanges

NonemptyClassRangesNoDash ::
ClassAtom
ClassAtomNoDash NonemptyClassRangesNoDash
ClassAtomNoDash - ClassAtom ClassRanges

ISO/IEC 16262:2011(E)

ClassAtom ::

ClassAtomNoDash

ClassAtomNoDash ::
SourceCharacter but not one of \ or ] or -
\ ClassEscape

ClassEscape ::
DecimalEscape
b

CharacterEscape
CharacterClassEscape

15.10.2 Pattern Semantics

A regular expression pattern is converted into an internal procedure using the process described below. An
implementation is encouraged to use more efficient algorithms than the ones listed below, as long|as the
results are the same. The internal procedure is used as the value of a RegExp object’s [[Match]] [nternal

property.

15.10.2.1 Notation

The descriptions below use the following variables:

e Input is the String being matched by the regular expression pattern. The notation input[n]{means
the n' character ofiinput, where n can range between 0 (inclusive) and InputLength (exclusije).

e InputLength is the-humber of characters in the Input String.

e NcapturingParens is the total number of left capturing parentheses (i.e. the total number df times
the Atom-23 ( Disjunction ) production is expanded) in the pattern. A left capturing parenthesis is
any_(“pattern character that is matched by the ( terminal of the Atom :: ( Disjunction ) production.

o IgnoreCase is the setting of the RegExp object's ignoreCase property.
o~ Multiline is the setting of the RegExp object’'s multi line property.

Furthermore, the descriptions below use the following internal data structures:

Py A _CharSet is a mathematical set of characters

e A State is an ordered pair (endindex, captures) where endindex is an integer and captures is an
internal array of NcapturingParens values. States are used to represent partial match states in the
regular expression matching algorithms. The endIndex is o ne plus the index of the last input
character matched so far by the pattern, while captures holds the results of capturing parentheses.
The n" element of captures is either a String that represents the value obtained by the n" set of
capturing parentheses or undefined if the n set of capturing parentheses hasn’t been reached
yet. Due to backtracking, many States may be in use at any time during the matching process.

e A MatchResult is either a State or the special token failure that indicates that the match failed.

© ISO/IEC 2011 — Al rights reserved
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A Continuation procedure is an internal closure (i.e. an internal procedure with some arguments
already bound to values) that takes one State argument and returns a MatchResult result. If an
internal closure references variables bound in the function that creates the closure, the closure
uses the values that these variables had at the time the closure was created. The Continuation
attempts to match the remaining portion (specified by the closure's already-bound arguments) of
the pattern against the input String, starting at the intermediate state given by its State argument. If
the match succeeds, the Continuation returns the final State that it reached; if the match fails, the
Continuation returns failure.

A Matcher procedure is an internal closure that takes two arguments -- a State and a Continuation --

15.10.2

and returns a MatchResult result. A Matcher attempts to match a middle subpattern (specified by
the closure's already-bound arguments) of the pattern against the input String, starting at'the
intermediate state given by its State argument. The Continuation argument should be a closuyre_that
matches the rest of the pattern. After matching the subpattern of a pattern to obtain a new“State,
the Matcher then calls Continuation on that new State to test if the rest of the pattern cammatch as
well. If it can, the Matcher returns the State returned by Continuation; if not, the Matcher may try
different choices at its choice points, repeatedly calling Continuation until it either'sticceeds or all
possibilities have been exhausted.

An AssertionTester procedure is an internal closure that takes a State argment and returns a
Boolean result. The assertion tester tests a specific condition (specified by‘the closure's already-
bound arguments) against the current place in the input String and. returns true if the condition
matched or false if not.

An EscapeValue is either a character or an integer. An EsCapeValue is used to d enote the
interpretation of a DecimalEscape escape sequence: a character ch means that the e scape
sequence is interpreted as the character ch, while an integer h means that the escape sequence
is interpreted as a backreference to the n" set of capturing-parentheses.

.2 Pattern

The production Pattern :: Disjunction evaluates as followst

1. Ev
2. Re
fol

NOTE

this pro
that offg
in 15.1(

hluate Disjunction to obtain a Matcher m.
urn an internal closure that takes two arguments, a String str and an integer index, and performs the
owing:

pattern

1. Let Input be the given String str. This variable will be used throughout the algorithms in
15.10.2.

2. Let InputLength be:the length of Input. This variable will be used throughout the algorithms
in 15.10.2.

3. Let c be a Continuation that always returns its State argument as a successful MatchResult.

4. Let cap be\an internal array of NcapturingParens undefined values, indexed 1 through
NcapturingParens.

5. Letx e the State (index, cap).

6. Callm(x, c) and return its result.

A Pattérn ‘evaluates ("compiles") to an internal procedure value. RegExp.prototype.exec can then apply

Cedure te-anString and an offset within the String to determine whether the pattern would match starting at exactly
et within~the String, and, if it does match, what the values of the capturing parentheses would be. The algorithms
.2~are designed so that compiling a pattern may throw a SyntaxError exception; on the other hand, once the
is successfully compiled, applying its result internal procedure to find a match in _a String cannot throw an

exception (except for any host-defined exceptions that can occur anywhere such as out-of-memory).

15.10.2.3 Disjunction

The production Disjunction :: Alternative evaluates by evaluating Alternative to obtain a Matcher and returning
that Matcher.

The production Disjunction :: Alternative | Disjunction evaluates as follows:

1. Evaluate Alternative to obtain a Matcher m1.
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2. Evaluate Disjunction to obtain a Matcher m2.
3. Return an internal Matcher closure that takes two arguments, a State x and a Continuation ¢, and performs
the following:
1. Call m1(x, c) and let r be its result.
2. Ifrisn't failure, returnr.
3. Call m2(x, ¢) and return its result.

NOTE The | regular expression operator separates two alternatives. The pattern first tries to match the left Alternative
(followed by the sequel of the regular expression); if it fails, it tries to match the right Disjunction (followed by the sequel of
i 1] i s in the

sequel are tried before moving on to the next choice in the left Alternative. If choices in the left Alternative are exhausted,
the right Disjunction is tried instead of the left Alternative. Any capturing parentheses inside a portion of the pattern [skipped
by | produce undefined values instead of Strings. Thus, for example,

/alab/ .exec(''abc™)
returns the result **a™ and not "*ab"*. Moreover,

/(@1 (ab)) ((c) [ (bc))/.exec(abc™)

returns the array
["'abc™, "a"™, "a'", undefined, "bc", undefined, ‘‘©€’]

and not
["'abc™, "ab'"™, undefined, "ab'", "c', "c", undefined]

15.10.2.4 Alternative

The production Alternative :: [empty] evaluates by returning a Matcher that takes two arguments, a State k and a
Continuation ¢, and returns the result of calling c(x).

The production Alternative :: Alternative Term evaluates as‘follows:

1. Evaluate Alternative to obtain a Matcher m1.

2. Evaluate Term to obtain a Matcher m2.

3. Return an internal Matcher closure that takestwo arguments, a State x and a Continuation ¢, and perfqrms
the following:

1. Create a Continuatigh'd that takes a State argument y and returns the result of calling|m2(y,
c).
2. Call m1(x, d) andreturn its result.

NOTE Consecutive Terms(try, to simultaneously match consecutive portions of the input String. If the left Alternative,
the right Term, and the sequel of the regular expression all have choice points, all choices in the sequel are triedl before
moving on to the next choice in the right Term, and all choices in the right Term are tried before moving on to the next
choice in the left Alternative-

15.10.2.5 Term

The proddction Term :: Assertion evaluates by returning an internal Matcher closure that takes two argyments,
a Statexxahd a Continuation ¢, and performs the following:

1. Evaluate Assertion to obtain an AssertionTester t.

ooleanvalua

3. [Ifris false, return failure.
4. Call c(x) and return its result.

The production Term :: Atom evaluates by evaluating Atom to obtain a Matcher and returning that Matcher.
The production Term :: Atom Quantifier evaluates as follows:
1. Evaluate Atom to obtain a Matcher m.

2. Evaluate Quantifier to obtain the three results: an integer min, an integer (or o) max, and Boolean greedy.
3. If max is finite and less than min, then throw a SyntaxError exception.
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parenindex be the number of left capturing parentheses in the entire regular expression that occur to the

left of this production expansion's Term. This is the total number of times the Atom :: ( Disjunction )

pro
pro

duction is expanded prior to this production's Term plus the total number of Atom :: ( Disjunction )
ductions enclosing this Term.

5. Let parenCount be the number of left capturing parentheses in the expansion of this production's Atom. This

is the total number of Atom :: ( Disjunction ) productions enclosed by this production's Atom.
6. Return an internal Matcher closure that takes two arguments, a State x and a Continuation c, and performs
the following:
1. Call RepeatMatcher(m, min, max, greedy, x, ¢, parenindex, parenCount) and return its
result.
The abstract operation RepeatMatcher takes eight parameters, a Matcher m, an integer min, an integer)(or «)

max, a

Boolean greedy, a State x, a Continuation c, an integer parenindex, and an integer parenCount, and

performs the following:

1. Ifq
2. Crg

Le
Fo
Le
Le
If
If g

NGOk W

9. Ca
10. If 4
11. Ca

NOTE 1
be non-
can be
Atom p3
input su

NOTE 4
(or as f¢
last rep
next-to-

nax is zero, then call c(x) and return its result.
ate an internal Continuation closure d that takes one State argument y and performs the following:

1. If minis zero and y's endIndex is equal to x's endIndex, then return failufe.

2. If minis zero then let min2 be zero; otherwise let min2 be min-1.

3. If max is oo, then let max2 be «; otherwise let max2 be max-1.

4. Call RepeatMatcher(m, min2, max2, greedy, y, ¢, parenlndex;parenCount) and return its
result.

cap be a fresh copy of x's captures internal array.
every integer k that satisfies parenindex < k and k < parenindex+parenCount, set cap[k] to undefined.
e be x's endIndex.

Xr be the State (e, cap).

hin is not zero, then call m(xr, d) and return its result.
reedy is false, then

a. Call c(x) and let z be its result.

b. If zis not failure, return z.

c. Call m(xr, d) and return its result.

I m(xr, d) and let z be its result.

is not failure, return z.

I ¢(x) and return its result.

An Atom followed by a Quantifier i$ repeated the number of times specified by the Quantifier. A Quantifier can
greedy, in which case the Atom pattern is repeated as few times as possible while still matching the sequel, or it
preedy, in which case the Atom pattern is repeated as many times as possible while still matching the sequel. The
ttern is repeated rather than the input String that it matches, so different repetitions of the Atom can match different
bstrings.

If the Atom and the,'sequel of the regular expression all have choice points, the Atom is first matched as many
bw, if non-greedy)dimes as possible. All choices in the sequel are tried before moving on to the next choice in the
btition of Atom. All-choices in the last (n™) repetition of Atom are tried before moving on to the next choice in the
ast (n—1)* repetition of Atom; at which point it may turn out that more or fewer repetitions of Atom are now possible;

these afe exhaustéd (again, starting with either as few or as many as possible) before moving on to the next choice in the

(n-1)*r

petition*@f-Atom and so on.

Comparle

7ata=z1{2 47/ —execCabcde g™y

which returns ""abcde"* with

/a[a-z]{2,4}7?/.exec("abcdefghi')

which returns ""abc".

Consider also

/(aa]aabaac|ba|b]c)*/.exec("aabaac™)

which, by the choice point ordering above, returns the array

and not

186

["aaba™, "ba"]
any of:
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['aabaac™, '"aabaac']
["aabaac™, "c']

The above ordering of choice points can be used to write a regular expression that calculates the greatest common divisor
of two numbers (represented in unary notation). The following example calculates the gcd of 10 and 15:

"aaaaaaaaaa,aaaaaaaaaaaaaaa’” .replace(/"(a+)\1*,\1+$/,"$1"")
which returns the gcd in unary notation ""aaaaa".

NOTE 3  Step 4 of the RepeatMatcher clears Atom's captures each time Atom is repeated. We can see its behaviour in
the regular expression

/(2)((a+)?(b+)?(c))*/.exec('zaacbbbcac™)
which returns the array

[''zaacbbbcac"™, "z'", "ac', "a", undefined, "c"]
and not

['zaacbbbcac™, 'z, "ac', "a'", "bbb"™, "c']
because each iteration of the outermost * clears all captured Strings contained in the quantified Atom, which in this case
includes capture Strings numbered 2, 3, 4, and 5.

NOTE4  Step 1 of the RepeatMatcher's d closure states that, once the minimum\ number of repetitions has been
satisfied, any more expansions of Atom that match the empty String are not censidered for further repetitiops. This
prevents the regular expression engine from falling into an infinite loop on pattern$.such as:

/(a*)*/.exec("'b"™)
or the slightly more complicated:
/(a*)b\1+/_exec(''baaaac')
which returns the array

b, "]
15.10.2.6 Assertion

The production Assertion :: © evaluates by returning an internal AssertionTester closure that takes & State
argument x and performs the following:

Let e be x's endIndex.

If e is zero, return true.

If Multiline is false, return false.

If the character Input[e—1] istone of LineTerminator, return true.
Return false.

N

The production Assertion, ::“$ evaluates by returning an internal AssertionTester closure that takes & State
argument x and performs’the following:

Let e be x's€ndindex.

If e is equalto InputLength, return true.

If multiline is false, return false.

If the\character Input[e] is one of LineTerminator, return true.
Return false.

agpwNE

The production Assertion :: \ b evaluates by returning an internal AssertionTester closure that takes p State

argument x and performs the ftollowing:

Let e be x's endIndex.

Call IsWordChar(e-1) and let a be the Boolean result.
Call IsWordChar(e) and let b be the Boolean result.

If ais true and b is false, return true.

If ais false and b is true, return true.

Return false.

eak~whE

The production Assertion :: \ B evaluates by returning an internal AssertionTester closure that takes a State
argument x and performs the following:
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oak~kwhE

Let e be x's endIndex.

Call IsWordChar(e-1) and let a be the Boolean result.
Call IsWordChar(e) and let b be the Boolean result.
If ais true and b is false, return false.

If a is false and b is true, return false.

Return true.

The production Assertion :: (' ? = Disjunction ) evaluates as follows:

1.
2.

Ev
Re
the)

TUate Disjuncton to obtaim a Matcher .
urn an internal Matcher closure that takes two arguments, a State x and a Continuation ¢, and performs
following steps:

Let d be a Continuation that always returns its State argument as a successful MatehResult.
Call m(x, d) and let r be its result.

If ris failure, return failure.

Lety be r's State.

Let cap be y's captures internal array.

Let xe be x's endIndex.

Let z be the State (xe, cap).

Call c(z) and return its result.

N~ wNE

The production Assertion :: (. ? 1 Disjunction ) evaluates as follows:

1. Ev
2. Re

the]
The ab
1. If4
2. Le
3. If
4, Re
15.10.4

bluate Disjunction to obtain a Matcher m.
urn an internal Matcher closure that takes two arguments, a State X.and a Continuation c, and performs
following steps:

1. Letd be a Continuation that always returns its>State argument as a successful MatchResult.
2. Call m(x, d) and let r be its result.

3. Ifrisn't failure, return failure.

4. Call c(x) and return its result.

Stract operation IsWordChar takes an integer parameter e and performs the following:

== -1 or e == InputLength, return false:
¢ be the character Input[e].
is one of the sixty-three characters below, return true.

abcdefghiasJ kI mnopgrstuvwx
ABCDEFGHIFIKLMNOPQRSTUVWX
012345617V 89 _

urn false.

y z
Y Z

.7 Quantifier

The prpduction Quantifier :: QuantifierPrefix evaluates as follows:

1.
2.

Ev

hluate.QuantifierPrefix to obtain the two results: an integer min and an integer (or ) max.

Re

urnthe three results min, max, and true.

The production Quantifier :: QuantifierPrefix ? evaluates as follows:

1.
2.

Evaluate QuantifierPrefix to obtain the two results: an integer min and an integer (or ) max.
Return the three results min, max, and false.

The production QuantifierPrefix :: * evaluates by returning the two results 0 and .

The production QuantifierPrefix :: + evaluates by returning the two results 1 and .

188
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The production QuantifierPrefix :: ? evaluates by returning the two results 0 and 1.
The production QuantifierPrefix :: { DecimalDigits } evaluates as follows:

1. Letibethe MV of DecimalDigits (see 7.8.3).
2. Return the two results i and i.

The production QuantifierPrefix :: { DecimalDigits , } evaluates as follows:

1 | W AW £ DO H

4 + ba tlh [ E WP
I~ e otTtTCTIvi v UT eI aroTyres:

2. Return the two results i and oo.
The production QuantifierPrefix :: { DecimalDigits , DecimalDigits } evaluates as follows:

1. Leti bethe MV of the first DecimalDigits.
2. Letj be the MV of the second DecimalDigits.
3. Return the two results i and j.

15.10.2.8 Atom
The production Atom :: PatternCharacter evaluates as follows:

1. Letch be the character represented by PatternCharacter.
2. Let A be a one-element CharSet containing the character ch.
3. Call CharacterSetMatcher(A, false) and return its Matcher.xesult.

The production Atom :: . evaluates as follows:

1. Let A be the set of all characters except LineTerminator.
2. Call CharacterSetMatcher(A, false) and returngits Matcher result.

The production Atom :: \ AtomEscape evaluates by evaluating AtomEscape to obtain a Matcher and rg
that Matcher.

The production Atom :: CharacterClass evaluates as follows:

1. Evaluate CharacterClass towebtain a CharSet A and a Boolean invert.
2. Call CharacterSetMatcher(A, invert) and return its Matcher result.

The production Atom ::\(UDisjunction ) evaluates as follows:

1. Evaluate Disjunetion to obtain a Matcher m.

2. Let parendndex be the number of left capturing parentheses in the entire regular expression that occur
left of this'production expansion's initial left parenthesis. This is the total number of times the
Atont;:)( Disjunction ) production is expanded prior to this production's Atom plus the total number
Atom™: ( Disjunction ) productions enclosing this Atom.

3. AReturn an internal Matcher closure that takes two arguments, a State x and a Continuation c, and perfg
the following steps:

turning

to the

f

rms

1. Create an internal Continuation closure d that takes one State argument y and performs the

following steps:

Let cap be a fresh copy of y's captures internal array.
Let xe be x's endIndex.

Let ye be y's endIndex.

PonNE

positions xe (inclusive) through ye (exclusive).
5. Set cap[parenindex+1] to s.
6. Let z be the State (ye, cap).
7. Call c(z) and return its result.
2. Call m(x, d) and return its result.
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The production Atom :: ( ? : Disjunction ) evaluates by evaluating Disjunction to obtain a Matcher and
returning that Matcher.

The abstract operation CharacterSetMatcher takes two arguments, a CharSet A and a Boolean flag invert, and
performs the following:

1. Return an internal Matcher closure that takes two arguments, a State x and a Continuation ¢, and performs
the following steps:

Let e be x's endIndex.

If e == InputLength, return failure.

Let ch be the character Input[e].

Let cc be the result of Canonicalize(ch).

If invert is false, then

a If there does not exist a member a of set A such that Canonicalize(a) == c€;return

failure.

6. Else invertis true,
a If there exists a member a of set A such that Canonicalize(a) == cC, return failure.

7. Let cap be x's captures internal array.

8. Lety be the State (e+1, cap).

9. Call c(y) and return its result.

SN [

The abjstract operation Canonicalize takes a character parameter ch and performs'the following steps:

1. If IgnoreCase is false, return ch.

2. Lef{u be ch converted to upper case as if by calling the standard built*in method
String.prototype.toUpperCase on the one-character String ch.

3. If 4 does not consist of a single character, return ch.

4. Lefcu be u's character.

5. If gh's code unit value is greater than or equal to decimal 428 and cu's code unit value is less than decimal
128, then return ch.

6. Refurn cu.

NOTE 1 Parentheses of the form ( Disjunction ) ‘serve both to group the components of the Disjunction pattern
togethef and to save the result of the match. The result can be used either in a backreference (\ followed by a nonzero
decimall number), referenced in a replace String, ot returned as part of an array from the regular expression matching
internal[procedure. To inhibit the capturing behaviour of parentheses, use the form (?: Disjunction ) instead.

NOTE 4 The form (?= Disjunction )-specifies a zero-width positive lookahead. In order for it to succeed, the pattern
inside DQisjunction must match at the current position, but the current position is not advanced before matching the sequel.
If Disjurlction can match at the current-position in several ways, only the first one is tried. Unlike other regular expression
operators, there is no backtracking into a (?= form (this unusual behaviour is inherited from Perl). This only matters when
the Disjfinction contains capturing parentheses and the sequel of the pattern contains backreferences to those captures.

For example,

£(?=(at))/ .exec("baaabac™)

matche$ the empty Siring immediately after the first b and therefore returns the array:
[, "aaa”]

To illustrate the lack of backtracking into the lookahead, consider:

/(?=(at))a*b\1l/.exec('baaabac™)

This expression returns

[aba'™, ™"a']
and not:

["aaaba™, "a™]

NOTE 3  The form (?! Disjunction ) specifies a zero-width negative lookahead. In order for it to succeed, the pattern
inside Disjunction must fail to match at the current position. The current position is not advanced before matching the
sequel. Disjunction can contain capturing parentheses, but backreferences to them only make sense from within
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Disjunction itself. Backreferences to these capturing parentheses from elsewhere in the pattern always return undefined
because the negative lookahead must fail for the pattern to succeed. For example,

/(. *?)a(?1(a+t)b\2c)\2(.*)/.exec("baaabaac™)
looks for an a not immediately followed by some positive number n of a's, a b, another n a's (specified by the first \2) and
a c. The second \2 is outside the negative lookahead, so it matches against undefined and therefore always succeeds.
The whole expression returns the array:

['baaabaac™, '"ba', undefined, "abaac']

In case-insignificant matches all characters are implicitly converted to upper case immediately before they are compared.
However, if converting a character to upper case would expand that character into more than one character (such as

converting ""R"" (\UOODF) into "*SS"), then the character is left as-is instead. The character is also left as-is if it i$ not an
ASCII character but converting it to upper case would make it into an ASCII character. This prevents Unicode.chiracters
such as \u0131 and \u017F from matching regular expressions such as /[a-z]/1i, which are only intended tp match
ASCII letters. Furthermore, if these conversions were allowed, then /["\W]/i would match each of a;\b,.”.., h, but not i
ors.

15.10.2.9 AtomEscape
The production AtomEscape :: DecimalEscape evaluates as follows:

1. Evaluate DecimalEscape to obtain an EscapeValue E.
2. If E is a character, then
a. Letch be E's character.
b. Let A be a one-element CharSet containing the charactéer ch.
c. Call CharacterSetMatcher(A, false) and return its Matcher result.

3. E must be an integer. Let n be that integer.
4. 1f n=0 or n>NCapturingParens then throw a SyntaxErrot-exception.
5. Return an internal Matcher closure that takes two arguments, a State x and a Continuation c, and perfqrms
the following:
1. Let cap be x's captures internal-array.
2. Letsbe cap[n].
3. If sis undefined, then cal c(x) and return its result.
4. Lete be x's endIndex.
5. Letlen be s's lengtht
6. Letfbee+len.
7. If f>InputLength,return failure.
8. If there exists.an integer i between 0 (inclusive) and len (exclusive) such that

Canonicalize(s[i]) is not the same character as Canonicalize(Input [e+i]), then return
failure.

9. Letybe the State (f, cap).

10..Call c(y) and return its result.

The production‘AtomEscape :: CharacterEscape evaluates as follows:
1. Evaluate{CharacterEscape to obtain a character ch.

2. LetAbe a one-element CharSet containing the character ch.
3. Call*CharacterSetMatcher(A, false) and return its Matcher result.

The production AtomEscape :: CharacterClassEscape evaluates as follows:

1. Evaluate CharacterClassEscape to obtain a CharSet A.
2. Call CharacterSetMatcher(A, false) and return its Matcher result.

NOTE An escape sequence of the form \ followed by a nonzero decimal number n matches the result of the nth set
of capturing parentheses (see 15.10.2.11). It is an error if the regular expression has fewer than n capturing parentheses.
If the regular expression has n or more capturing parentheses but the nth one is undefined because it has not captured
anything, then the backreference always succeeds.
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